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HALT'S  THEORY  OF  CHEMICAL  REACTION  AND  REACTIVITY-^ 

By  William  M.  Dsbm. 
Received  June  28,  1915. 

This  theory,  developed  since  1904  from  voluminous  spectrophoto- 
metrical  studies,'  is  presented  in  full  in  the  May  number  of  This  Journai^.' 
After  perusing  this  and  previous  contributions  one  sees  that  the  author 
has  based  his  theory  solely  on  light  phenomena  of  the  ultraviolet  region* 

*  [Observe  Baly's  reply  followtns^.  This  criticism  of  Baly's  theory  was  submitted 
this  summer  to  Baly  by  the  editor;  Baly's  reply  was  also  submitted  to  me  by  the  editor. 
My  additions  and  counter-replies  are  all  included  in  brackets,  mostly  contained  in 
footnotes  of  this  contribution.] 

*  /.  Chem,  Soc.,  85,  1029  (1904);  ^'  physik.  Chem.,  55,  485  (1906);  /.  Chem,  Soc,, 
879  766,  1332.  1347,  1355  (1905);  8g,  489.  502,  514,  618,  966.  982  (1906);  91,  1 122, 
1572  (1907);  93>  1747,  1808,  1902,  2168  (1908);  95i  I44»  1096  (1909);  97f  57i,  i494 
(1910);  99,  856  (1911);  lOl,  1469,  1475  (1912);  103,  91,  2085  (1913);  I07i  248  (1915); 
Phil.  Mag,  [5]  49,  517;  [6]  a,  386;  [6]  27,  632  (1914);  I6l  29,  223  {1915); 
Astrophys,,  4a,  4  (1915) 

*Thjs  JotJRNAL,  37»  979  (1915);  J-  Soc,  Chem.  Ind.,  34,  393  (1915).  [See  also 
Asirophys,  J.,  42^  4  (1915),  in  which  Baly  claims  (in  the  reply  following)  to  have 
anticipated  and  met  the  objections  advanced  here.  ] 

*  ["It  is  surprising  that  in  all  the  work  that  has  appeared  dealing  with  the  absorption 
spectra  of  organic  compotmds  in  relation  to  their  structure,  no  notice  has  been  taken 

of  the  absorption  exerted  by  these  compounds  in  the  infra-red  region  of  the  spectrum 

it  has  been  attempted  entirely  to  decide  the  constitution  from  argiunents  based  on  ab- 
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2  WIIXIAM    M.    DEHN. 

of  the  spectrum,  consequently  one  hesitates  to  accept  so  sweeping^  a 
theory,  especially  when  it  is  remembered  that  in  no  case^  has  tiie  true 
relation  of  spectrum-absorption  figures  to  chemical  structures  or  energies' 
been  demonstrated.  Furthermore,  when  it  is  remembered  that  Baly 
has  made  purely  physical  studies'*  of  compounds  prepared  by  his  colleagues 
or  by  Kahlbaum,  and  thus  he  himself  has  made  few  original  chemical 
observations;  or,  when  it  is  remembered  that  Baly  presents  a  theory  of 
chemical  d3mamics  based  solely  on  statical^  chemical  experiments,  one 
wonders  at  this  invasion  of  the  province  of  pure  chemistry  and  at  this 
attempted  destruction  of  so  many  of  her  sacred  temples. 

By  way  of  anticipation,  it  may  be  stated  that,  stripped  of  its  novel* 
and  figurative  language,  Baly's  theory  of  chemical  reactivity  appears 
vague  and  speculative  and  presents  nothing  new  or  useful.  Tested  by 
his  own  data,^  it  is  observed  that  this  theory  rests  on  insufficient  experi- 
mental evidence'  and  oft^en  on  inaccurate  observation.' 

sorption  in  the  ultraviolet  and  visible  regions  alone."  Baly  writes  this  (Astrophys- 
J.,  43,  5  (1915)),  yet  he  is  the  greatest  offender  in  this  respect,  for  he  has  made  many 
spectrometrical  studies,  all  in  the  ultraviolet  region,  and  has  attempted  to  draw  more, 
varied,  and  speculative  conclusions  than  any  other  author.] 

'  See  summary.  This  Journal,  37,*  993.  [Observe  that  Baly's  theory  renders 
obsolete  LeBel  and  van't  Hoff's  theory  of  stereoisomerism;  it  relegates  to  oblivion  all 
chromophoric-group  theories  of  color;  "it  affords  a  reasonable  explanation  of  allotropy, 

magnetic  rotation,   stereoisomerism,   optical  rotatory  power the  phenomena  of 

isomerism  as  a  whole,"  of  chemical  reactivity  and  reaction,  hydrolysis,  catalysis  and 
photocatalysis,  also  of  such  light  phenomena  as  absorption,  fluorescence,  phos- 
phorescence. If  Baly  is  not  a  humorist,  he  richly  deserves  the  sympathy  which  he 
seeks.         {Loc,  cU,)] 

^  [It  will  be  observed  that  no  such  case  is  attempted  to  be  given  in  Baly's  reply 
following.] 

'  It  will  be  shown  below  that  it  is  not  necessarily  true,  as  Smiles  states  ("The 
Relations  of  Chemical  Constitutions  and  Some  Physical  Properties,"  p.  361).  "The 
relations  between  absorption  and  constitution  must  be  sought  in  the  dynamic  condi- 
tion of  the  valencies  of  the  absorbing  group." 

*  [In  the  reply  following,  Baly  occupies  more  than  half  of  the  space  in  discussing 
new  physical  data  not  published  by  him  when  his  theory  appeared  in  This  Journal 
(see  Astrophys.  /.,  37,  4  (1910)).  However  this  added  matter  does  not  appear  relevant 
to  the  discussion  of  chemical  reactivity,  though  it  may  throw  some  new  light  on  the  inter- 
relation of  absorption,  fluorescence  and  phosphorescence,  for  a  muUi^  relation  of 
these  light  phenomena  may  be  as  independent  of  chemical  reactivity,  as  the  periodi- 
cities of  sound  waves  or  as  the  sotmd  waves  themselves,  are  independent  of  the  chemical 
affinities  of  the  substances  which  transmit  such  sound  waves.  ] 

*  See  below. 

*  Among  earlier  papers  we  find  such  novel  phrases  as  "nascent  carbonyl  group" 
(J.  Chem.  Soc.,  89,491  (1906)),  "pseudo-nascent"  {Ibid.,  89,  492),  "chemical  reactions 
in  embryo"  {Ibid.,  loi,  147 1  (1912)).  etc. 

^  [Much  of  the  data  given  in  this  criticism  to  show  the  inconsistencies  of  Baly's 
theory  have  been  taken  from  Baly's  own  papers.  ] 

»  [See  especially  This  Journai.,  37, 987-988  (1915);  Astrophys.  /..  42, 12-16  (1915).] 

*  [See  especially  Baly's  studies  on  benzene  (/.  Chem,  Soc.,9^^  1332  (1905)).     Corn- 
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Though  modifying  his  views,  theories^  and  methods^  as  new  conditions 
arose  during  the  past  decade,  Baly  has  clung  tenaciously  to  one  phrase, 
"the  open  and  dosed  force-fields."  This  he  ofTers  as  the  explanation  of 
chemical  reactivity  and  most  other  chemical  phenomena. 

However,  it  may  be  stated  at  once,  if  the  old  terms  chemism,  chemical 
affinity,  chemical  potential,  or  chemical  intensity  be  re-substituted'  through- 
out for  "force-fields,'*  whose  true  nature,  of  course,  remains  unknown, 
it  is  observed  that  no  new  light  is  thrown  on  chemical  reactivity.  With 
this  and  with  other  terms,  one  cannot  escape  the  impression  that  Baly 
is  clothing  familiar  concepts  in  new  language  and  it  scarcely  needs  to  be 

pare  with  Hartley  (Proc.  Roy.  Soc.,  80,  162  (1907))  or  see  also  Kayser's  "Handbuch 
dcr  Spectroscopic."  Vol.  Ill,  pp.  483-5.] 

1  It  Is  tnterestins^  to  find  in  Baly's  later  papers  no  reference  to  the  word  isorropesis, 
coined  by  him  (/.  Chem.  Soc,,  89,  498  (1906))  and  used  in  a  series  of  papers  to  designate 
"potential  tautomerism."  In  the  words  of  Baly  and  Desch  (Ibid,,  87,  768  (1905)): 
"No  organic  substance  shows  an  absorption  band  unless  a  possibility  of  tautome«*ism 
exists  in  the  molecule."  The  dynamic  dianges  of  such  tautomeric  parts  of  molecules 
were  described  by  the  word  "isorropesis;"  that  is,  isorropesis  is  the  cause  of  absorption 
bands.  In  Shephard's  recent  text-book  on  "Photochemistry,"  p.  189,  we  read:  "Baly's 
theory  of  isorropesis at  once  begs  and  solves  the  problem." 

[It  would  be  interesting  to  know  if  Baly  still  believes  in  his  isorropesis  theory. 
It  and  his  present  theory  to  account  for  absorption  phenomena  are  diflerent,  if  not 
contradictory;  hence,  at  least  for  the  ptU7X)se  of  clarification  of  the  literature  (see 
especially  the  Pamsay  series  of  text-books  on  physical  chemistry),  it  would  be  fair  to 
withdraw  this  earlier  theory,  if  it  is  no  longer  tenable.  So  also  in  respect  to  the  theory 
of  vibration  of  the  benzene  ring,  a  theory  based  on  coincidental  relations  of  carbon 
linkings  in  the  molecule  and  absorption  bands  in  a  limited  portion  of  the  spectrum 
(Baly  and  Collie.  J,  Chem,  Soc,,  87,  1332  (1905J;  89,  514  (1906)).  See  also  Hartley 
(Ibid.,  87,  1826  (1905)).  If  this  theory  also  is  untenable,  why  not  withdraw  it?  If 
the  earlier  theories  were  incorrect,  what  salvage  can  be  expected  to  be  made  from  the 
present  speculations?] 

*  Until  recently  the  iron  arc  was  used  by  BaJy  as  the  source  of  light  in  his  spectro- 
photometrical  studies.  Now  he  uses  arcs  containing  salts  of  cadmitmi,  uranium,  and 
molybdenum.  (Compare  /.  Chem.  Soc,,  85,  1029  (1904)  and  99,  856  (1911).)  [If 
the  earlier  experiments  involved  errors  resulting  from  imperfect  illumination,  what 
confidence  can  we  place  in  conclusions  drawn  from  these  earlier  experiments?  Baly's 
ciiief  support  for  his  theories  is  based  on  experiments  involving  use  of  the  iron  arc 
{J.  Chem,  Soc,,  93,  2108  (1908);  loz,  1475  (1912);  This  Journal,  37,  987-88;  Astrophys, 
J.,  42,  I2~i6).  Why  not  reinvestigate  with  the  modem  arc?  What  assurance  have 
we  that  the  present  methods  also  do  not  contain  errors?  If  spectrometrical  methods 
are  not  at  present  absolutely  reliable  (like  the  use  of  balance)  how  can  such  spectro- 
metrical studies  be  made  the  experimental  basis  of  a  theory  that  comprehends  and 
explains  all  chemical  phenomena?] 

'  [Does  Baly  intend  that  the  energies,  chemical  affinity  and  opened-up  force- 
fields  are  the  same  and  may  be  taken  synonymously?  If  conceived  to  be  different, 
docs  Baly  consider  himself  to  have  discovered  a  new  force  of  nature?  Does  Baly 
conceive  of  the  successive  opened-up  stages  of  force-fields  to  be  portions  of  the  total 
chemical  affinity?] 
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remarked  that  the  paraphrasing  of  a  concept  no  more  adds  new  informa- 
tion than  does  transUteration  or  translation  of  the  same. 

Let  us  note  some  other  definitions  of  Baly.  Residual  affinity^  is  defined 
as  ''the  uncompensated  balance  of  force-lines,"  or  ''uncompensated 
residuum  when  the  maximum  possible  condensation  of  force-lines  of  the 
molecule  has  taken  place." 

Valency^  is  defined  as  a  "resultant  effect  of  force-lines/'  or  "inter- 
atomic rearrangement  of  electrons  when  the  potential  gradients  within 
the  additive  complexes  first  formed  are  sufficiently  steep/'  or  "trans- 
ference' of  one  or  more  electrons  along  the  potential  gradients  which  is 
set  up  by  the  condensing  together  of  the  force-fields  arising  from  the 
electromagnetic  fields  of  two  atoms  of  opposite  type/' 

A  chemical  reaction*  "between  molecules  depends  on  these  Wee-fields. . . 
and  will  occur  only  when  the  gradient  within  the  complex  first  formed  is 
sufficiently  steep  to  cause  the  electrons  to  migrate." 

It  appears^  that  "shallow  and  steep  potential  gradients"  are  only  less 
and  greater  chemical  reactivities..  It  would  seem  also  that  Baly's  own 
force-fields  have  "been  invoked  to  play  the  rAle  of  deus  ex  machina^  and 
relieve  the  exigencies  of  the  situation.*" 

When  we  inquire  further  what  Baly's  conception  of  force-fields  is,  we 
find^  "each  atom. . .  .is  the  center  of  a  field  of  force,  the  lines  of  which 
radiate  in  every  direction."  Elsewhere  we  read*  that  these  force-fields 
"have  been  proven  to  exist  in  the  immediate  neighborhood  of  the  atoms." 
Compounds  also  are  supposed  to  have  force-fields  which  are  so  complex 
that  they  present  a  veritable  "net-work*  of  potential  gradients." 

Now  though  it  may  be  possible  to  demonstrate  the  existence  of  "force- 
fields"  such  as  Baly  describes,  certainly  his  experiments  have  not  dem- 
onstrated them,  indeed,  his  experiments  have  not  necessarily  indicated 

*  [This  Journal,  37,  982  (1915);  J'  Chem.  Soc.,  xoz,  1469  (1912).  Observe  the 
last  paragraph  of  Baly's  reply  following:  "Every  chemist  of  the  present  must  surely 
recognize  the  possession  by  compounds,  saturated  as  regards  their  primary  valencie\ 
of  properties  which  may  best  be  classified  as  residual  affinity."  I  beg  of  him  to  present 
some  one  chemical  property  of  hexane,  of  any  paraffin  hydrocarbon,  or,  indeed,  of  any 
saturated  compound,  tbat  can  or  must  be  referred  to  residual  affinity  such  as  be  de- 
scribes.] 

3BI  *  This  Journal,  37,  983  (1915);  /.  Chem.  Soc„  87,  784  (1905);  Astrophys.  J.,  2^ 
1 10.  Baly's  earlier  conception  of  valency  seems  to  have  been  elastic  tube-like  strae- 
tures. 

»  This  Jovrnai,,  37,  980  (1915)- 

*  Ibid.,  S7y  9S1  (1915) 
^Ibid.,  37»  983-4  (1915). 

*  Ibid.,  37,  9S2  (1915)- 

'  /.  Chem.  Soc.,  lox,  1469  (1912). 

^  This  Journal,  37,  982  (1915).     Perhaps  no  one  denies  that  all  atoms  possess 
energies  or  forces  usually  called  chemical  affinity. 
■  This  Journal,  37,  986  (1915). 
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the  probability  of  such  "force-fields."  This  will  become  evident  when 
examination  is  made,  especially  of  the  mode  of  "opening  and  closing" 
of  such  "force-fields." 

That  it  may  be  shown  at  once  that  the  modus  operandi  of  "force-fields" 
is  vaguely  conceived  and  Baly's  whole  theory  rests  on  insufficient  ob- 
servation and  experiment,  a  quotation^  from  his  summary  is  made.  "To 
the  closed  force-fields  and  their  opening-up  by  the  influence  of  solvents 
or  light  may  be  attributed  all  phenomena  of  chemical  reaction."  Evi- 
dently Baly  conceives  of  light  or  solvents  or  both  as  the  only  causes  of  such 
''opening  of  closed  force-fields"  (chemical  reactivity).  Apparently  he 
overlooks  heat,'  pressure,  electricity  and  other  d3mamic  causes  of  chemical 
reaction.  This  oversight  is  remarkable  since  to  the  chemist,  heat,  ia  the 
presence  or  the  absence  of  solvents,  is  far  more  important  than  light'  in 
promoting  chemical  reactions.  By  way  of  an  example  it  needs  here 
only  to  be  recalled  that  nearly  all  organic  substances  are  decomposed 
at  high  temperatures,  consequently  "force-fields"  must  be  opened  by 
heat  also. 

It  must  not  be  denied  that  the  validity  of  his  theory  possibly  may  be 
established  on  the  basis  of  study  of  solvents  and  light  only.  However, 
a  theory  which  is  claimed  to  be  a  fundamental  explanation  of  "all  the 
phenomena  of  chemical  reaction"  certainly  must  include  all  "openers" 
of  chemical  reactivity. 

Now,  Baly  conceives*  of  these  force-fields  to  be  "more  or  less  closed" 

*  This  Jod»nai<,  37,  993,  also  p.  984  (1915)- 

^  Perhaps  the  observation  (/.  Ckem.  Soc.,  loi,  1475  (19 12))  that  "the  vapors  of 

ammonium  chloride  and  mercurous  chloride possess  force-fields  so  condensed  that 

increase  of  temperature  alone  is  not  sufficient  to  open  them/'  has  led  Baly  to  believe 
that  all  force-fields  are  resistent  to  opening  by  heat. 

*  It  is  not  dear  whether  Baly  believes  that  chemical  reactions  may  take  place  in 
the  dark.  Certainly  it  follows  as  a  corollary  from  the  quotation  above  that  substances 
not  in  solution  would  not  react  in  the  dark.  Some  discussion  of  reactions  in  the  absence 
of  light  is  given  by  Baly.  (See  J,  Ckem.  Sac.,  87, 1333  (1905).)  {See  Baly's  most  recent 
paper  (Astraphys.  7.,  4a,  8  (1915)),  wherein  he  again  states  that  the  unlocking  of  chem- 
ical affinity  "may  be  brought  about  in  one  of  two  ways:  namely,  by  the  use  of  a  sub- 
stance possessing  residual  affinity  or  by  the  action  of  light."  See  now  Baly's  reply 
following,  wherein  he  acknowledges  other  dynamic  causes  of  chemical  reaction.  Note 
here  also,  by  the  way,  the  following:    "Every  molecule  considered  in  a  free  state  has  a 

muiimmn  reactivity it  must  absorb ....  energy  before  it  can  react ....  at  least  one 

quantum  of  energy."  "However,  there  are  known  to  chemists  so  many  experiments 
wherein  chemical  reactions  take  place  spontaneously,  without  the  application  of  energy, 
without  the  medium  of  a*  solvent  and,  indeed,  give  off  energy,  that  this  new  conception 
of  Baly  is  surprising,  to  say  the  least."] 

*  Tras  Journal,  37, 982  (1915).  See  Mellor's  "Statics  and  Dynamics,"  Chap.  VI, 
for  a  discussion  and  bibliography  on  the  "period  of  induction."  Evidently  what  Baly 
cbUs  "dosed  force-fields"  has  been  known  since  the  beginning  of  the  nineteenth  century. 
[Perhaps  the  best  characterization  of  Baly's  theory  is  that  he  has  rediscovered  chemical 
affinity.] 
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but,  iDeing  opened,  ''the  previously  closed  fields  become  endowed^  with 
reactivity.''    Moreover,  ''the  opentag*up  of  a  complex  field  must  take 

place  in  definite  stages* called  into  play  by  the  use  of  suitable  solvents" 

and  "if  the  opening-up  process  is  carried  to  the  farthest  possible  extent. . . . 
iopic  dissociation'  is  the  sequence." 

The  state  of  affairs  thus  indicated  would  necessitate  ex  hypothesi 
different  affinity  constants  for  the  s€une  substance  as  the  successive  staged 
were  opened  up  and  yet  other  affinity  constants  for  the  same  substance 
in  different  solvents,^  propositions  impossible  to  demonstrate  and  condi- 
tions difficult  to  conceive  of,  especially  when  solutes  are  contained  in  non> 
ionizing  media.  Furthermore,  since  changes  of  concentration,  pressure 
and  temperature^  have  marked  effects  on  absorption  bands,  various  other 
stages,^  indeed,  an  infinite  series  of  stages,  must  be  assumed.  Now  Baly 
would  have  us  believe  "each  stage  is  characterized  by  its  light  absorptive 
power'. . .  .and  each  stage  possesses  a  definite  reactivity,"  therefore,  we 
must  assume  not  only  an  infinite  series^  of  absorption  curves  but  an 
infinite  series  of  reactivities  and  consequent  reactions  and  products. 
These  results,  of  course,  are  contrary  to  fact,"  contrary  to  the  chemist's 
conceptions  of  valency,  and  contrary  to  the  fundamental  laws  of  definite, 
multiple,  and  equivalent  proportions. 

[There  can  be  no  quibble  that  Baly  believes  that  molecules  plus  energy 
coincidentally  and  inevitably  cause:  (i)  "opened-up  stages,"  (2)  chemical 
reactivities  and  (3)  "definite  vibration^"  frequencies."  Now  if  chemical 
reactivities  and  spectral  phenomena  are  co-existent  properties,  all  mole- 
cules showing  definite  vibration  frequencies  must  show  chemical  re- 
activities and  all  chemically  reactive  molecules  must  show  definite  vibra- 
tion frequencies.  That  the  former  of  these  is  not  necessarily  true  is 
proven  by  the  inert  gases  helium,  argon,  etc.,  which  show  definite  vibra- 
tion frequencies  but  no  chemical  reactivities.    On  the  other  hand,  that 

»  This  Journai*,  37,  984  (1915). 

*  Ibid.,  37, 986  (1915).  See  also  /.  Chem.  Soc,,  103,  2086  (1913).  "We  have  now 
succeeded in  recognizing  several  distinct  stages." 

*  Tms  Journal,  37»  985  (1915)- 

*  See  the  various  absorption  curves  of  acetoacetic  ester  and  ethoxycrotonic  ester 
in  different  solvents  (Hantzsch,  Ber.,  43,  3058-9  (1910);  Baly,  J.  Chem.  Soc.,  85,  1034-9 
(1904)). 

^  Kayser's  "Handbuch  der  Spectroscopic,  Vol.  Ill,  pp.  128-141;  see  also  studies 
by  Purvis.     In  the  reply  following,  observe  how  Baly  treats  this  objection. 

*  Baly  and  Krulla,  /.  Chem.  Soc.,  loi,  1472-3  (1912). 
'  This  Journal,  37,  987  (1915)- 

*  See  for  instance  some  of  Baly's  curves  (/.  Chem.  Soc.,  85,  1039).  Varied  quan- 
tities of  hydrogen  chloride  will  give  curves  covering  the  entire  area  between  the  upper 
and  the  lower  curves,  hence  an  infinite  number  of  curves. 

*  [As  acknowledged  by  Baly  in  his  reply  following.] 

•°  [See  This  Journai.,  37,  993  (191 5);  also  Baly's  reply  following.] 


Digitized  by  VjOOQIC 


baly's  theory  of  chemical  reaction  and  reactivity.  7 

all  chemically  reactive  molecules  cause  definite  vibration  frequencies 
is  not  only  undemonstrable  but  improbable.  This  improbability  is 
shown:  (i)  by  the  fact  that  certain  molecules  react  in  the  dark  without 
developing  light  phenomena  and  (2)  by  the  non-proparHonality  of  chemical 
reactivity  and  vibration  phenomena:  (a)  certain  solids  and  colored  sub- 
stances may  show  considerable  spectral  activity  but  little  or  no  chemical 
reactivity,  (b)  the  most  chemically  reactive  substances  are  not  necessarily 
the  most  active  spectrally.  In  this  connection  it  may  be  stated  that, 
since  Baly  now  acknowledges  heat  to  be  an  "opener  of  chemical  re- 
activity/' it  may  be  easier  for  him  to  understand  that  light  frequencies 
may  possibly  be  independent  of  chemical  reactivity.] 

At  this  time  it  must  be  observed  that  Baly  has  never  indicated  by 
figures  what  his  conceptions  are  of  "stages"  of  ''opened-up  force-fields." 
Since  these  have  been  left  to  our  imagination,  some  visualization  of  them 
is  not  only  permissible  but  necessary.  Therefore,  we  depict  them  as  fol- 
lows: 

/^N  I  I         \  /       \  / 

c  =  c      c— c      c— c      c— c      c— c       c-  c 

wherein  each  indicated  stage  and  their  intermediate  forms  are  assumed 
(with  Baly)  to  possess  specific  chemical  and  light-influencing  properties. 
Though  such  an  explanation  is  conceivably  simple^  and  elastic,  it  must  be 
remembered  that  these  stages  are  purely  speculative,  are  contrary  to  the 
conventional  conceptions  of  structural  chemistry,  and,  until  some  proof  of 
their  existence'  is  advanced,  can  serve  no  useful  piupose. 

Let  us  now  examine  more  in  detail  the  "mechanism  of  the  opening 
of  a  closed  force-field."  "If  the  molecules  of  a  compound,'  the  force- 
fields  of  which  are  closed,  be  brought  into  the  neighborhood  of  the  mole- 
cules of  another  compound  possessing  residual  affinity,  the  force-lines 
of  the  latter  will  interpenetrate  the  closed  fields  of  the  former,  with  the 
result  that  they  will  be  opened  and  endowed  with  enhanced  reactivity . . .  . 
the  case  is  an  absolutely  general  one." 

^Apropos  of  its  claimed  simplicity,  the  following  quotation  is  made:  "One  ad- 
vantage of  the  theory  may  perhaps  be  touched  upon,  namely,  it  does  away  with  the 
somewhat  alarming  complexity  which  Hantzsch's  doctrine  of  one  adsorption  curve  one 
structure  introduces  into  organic  chemistry."  (/.  Soc.  Chetn.  Ind.,  34,  399  (1915))- 
However,  note  Baly's  "veritable  net-work  of  potential  gradients"  in  molecules.  (This 
Journal,  37,  986  (19 15).)  If  imperfect  correlation  of  absorption  curves  and  chemical 
structures  are  impossible,  thereby  (according  to  Baly)  invalidating  the  quinonoid 
theories  of  coldr,  why  does  not  this  same  imperfect  correlation  of  absorption  curves  and 
"opened-up  stages"  cast  discredence  on  Baly's  theory?  It  must  furthermore  be  re- 
membered that  absorption  phenomena  possibly  are  independent  of  specific  structures 
and  diemically  active  groups. 

'  See  Baly's  reply  following,  in  which  he  acknowledges  his  lack  of  proof:  "I  muke 
no  attempt  to  demonstrate  the  existence  of  the  force-fields." 

»  This  Journai,,  37,  396  (1915)- 
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Here  and  elsewhere  in  Baly's  papers  we  are  led  to  believe  that  the 
residual  afiSnities  of  the  solvent  open  up  the  force-lines  of  the  solute. 
But,  by  way  of  an  example,  let  us  consider  hexane,  a  saturated  compound 
not  possessing  residual  affinity.  Judged  by  its  light-absorption  curves,^ 
solutes  are  affected  by  hexane  in  the  same  manner  as  by  other  solvents 
which  are  held  to  possess  residual  affinity.  Hence  it  cannot  be  main- 
tained by  Baly  that  in  all  cases  the  force-lines  of  the  solvent  open  up, 
interpenetrate,  and  endow  solutes  ''with  enhanced  reactivity,''  neither 
can  it  be  maintained  that  such  changes  in  absorption  spectra  as  result 
from  dissolving  substances  in  hexane  are  brought  about  by  the  residual 
affinities  or  "force-lines  of  the  solvent." 

Further,  Baly  dogmatically  states^  "that  addition  complexes  between 

solute  and  solvent,  usually  known  as  solvates always  exist  when  such 

molecular  types  are  brought  together."  However,  it  must  be  remem- 
bered that  with  paraffin  hydrocarbon  solvents  this  is  impossible,  since 
these  compounds  are  saturated,'  possess  no  residual  affinities  and  have 
not  yielded  such  molecular  compounds. 

Nevertheless,  let  us  see  what  two  experiments  Baly*  gives  to  "prove 

the  existence  of intermediate  stages"  which  he  claims  "afford  proof 

of  the  force-field  theory." 

The  aminobenzaldehydes  are'  nearly  colorless  or  yellow  substances 
giving  one  absorption  band  in  alcoholic  solution;  with  a  little  hydrogen 
chloride  their  alcoholic  solutions,  but  not  their  aqueous  solutions,  are  more 
deeply  colored  and  give  two  absorption  bands;  with  an  excess  of  hydrogen 
chloride,  their  alcoholic  solutions  become  colorless  and  show  one  band. 
All  three  absorption  curves  are  different.*  Now  to  account  for  the  second 
absorption  band  and  the  increase  of  color,  Baly^  assumes  an  ''intermediate 
form  which  reacts  with  more  acid  to  give  the  salt.'*  In  other  words,  here 
and  elsewhere  Baly  makes  the  following  chain  of  asstunptions: 

*  Hantzsch,  B^./43,  3058-74  (1910);  see  also  Baly's  curves  for  picric  add  (/. 
Chem.  Soc.,  103,  2094  (^9^3))  which  was  dissolved  in  heptane  and  other  solvents  such  as 
(a)  alcoholic  HCl  and  (&)  dimethyl  aniline.  Observe  that  all  these  curves  do  not  differ 
widely,  though  heptane  is  devoid  of  residual  affinity  and  the  other  solvents  are  not. 

'  This  Journal,  37,  984  (1915);  J-  Soc.  Chem.  Ind.,  34,  396  (1915)- 

*  That  residual  affinities  are  not  necessarily  correlated  with  absorption  bands 
must  be  concluded  from  studies  of  the  absorption  spectra  of  paraffin  hydrocarbons. 
See  Kayser's  "Handbuch  der  Spectroscopic,"  Vol.  Ill;  methane,  p.  529;  ethane,  p. 
263;  butane,  p.  369;  hexane,  p.  517;  heptane,  p.  216;  octane,  p.  540.  It  is  observed 
that,  while  showing  absorptive  spectra,  these  compounds  are  devoid  of  residual  affinity. 

*  This  Journal,  37,  987-8  (1913);  /.  Chem.  Soc.,  93,  2110  (1908);  loi,  1475 
(1912);  Astrophys.  /..  42,  11-15  (1915)-  The  data  of  these  two  studies  constitute  the 
basis  of  Baly's  theory'. 

*  This  Journal,  37,  987;  J  Chem.  Soc,  93,  2108  (1908). 

*  Loc.  cit. 

'  This  Journal,  37,  987  {1915)- 
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color  "7"^  absorption  bands  "j^  intermediate  compounds  "7"^ 

opened-up  staged  "7"^  force-fields  "7"^  theory  of  chemical  reactivity. 
(Baly  recognizes  here  the  probable  formation  of  a  compound  intermediate 
to  />-aminobenzaldehyde  and  its  hydrochloride.  Even  if  the  existence 
of  this  asstmied  intermediate  compound  were  proved  by  chemical 
methods  of  separation,  its  existence  per  se  would  not  prove  the  existence 
of  an  ''opened-up  stage"  such  as  Baly  assumes.  By  way  of  an  example, 
if  ammonia  is  treated  with  an  excess  of  an  alkyl  iodide,  quaternary  alkyl 
ammonium  iodide  is  formed  as  the  end  product  and  six  definite  inter- 
mediate  compounds  (the  respective  primary,  secondary,  tertiary  bases 
and  their  salts)  are  formed.  Here  no  assumptions  of  opened-up  stages 
such  as  Baly  conceives  of  are  recognizable  or  are  necessary  to  account 
for  all  the  phenomena.] 

Let  us  consider  how,  on  the  other  hand,  the  .above  facts  can  be  ac- 
counted for  by  the  quinonoid  theory: 

HC«0  HCOH  HCOH  HC « O 

ia)     I        1  W    (        1  (c)    \        1  (d) 


HiN  HN  H,NC1  HiNa 

Here,  of  course,  two  intermediate  products  are  assumed;  this^  quinonoid 
explanation,  therefore,  may  not  be  correct;  but  Baly's  explanation  also 
may  not  be  correct,  for  he  also  makes  two  assumptions,^  and,  while  so 
doing,  offers  the  above  example  as  "a  definite  proof  of  the  force-field 
theory." 

Now  let  us  examine  Baly's  second  example'  which*  ''establishes  beyond 
any  doubt  the  existence  of  the  intermediate  stage  in  a  chemical  reaction 
such  as  was  deduced  from  the  force-field  theory." 

Absorption  spectra  were  taken  of  ^nitroanisole  (i)  in  alcohol,  (2)  in 
sulfuric  add  and  (3)  in  sulfuric  acid  after  warming.  Different  curves 
were  obtained  in  the  three  cases.  Baly  states,  "we  have  evidence  that 
the  whole  of  the  /^-oitroanisole  is  converted  into  the  intermediate  phase." 
This  evidence  of  total  conversion  or,  indeed,  of  partial  conversion  is  not 

*  Observe  how  (a)  and  (b)  account  for  the  original  colorless  and  colored  forms 
of  the  compounds.  Also  observe  how  Baly's  theory  fails  to  account  for  the  original 
colors.  Finally  observe  Baly's  anomalous  reaction  of  the  addition  of  hydrogen  chloride 
to  the  Bydrochloride  of  the  original  p-aminobenzaldehyde  (see  Astrophys,  /.,  42,  la 
(1915)). 

'  These  assumptions  are:  (i)  modified  absorption  figures  indicate  changes  of 
€ompo9iti<»i;  (2)  these  changes  of  absorption  and  composition  indicate '  molecular 
addition. 

»  /.  Chem.  Sac  ,  lox,  1475  (1912). 

*  This  JotwNAL,  37,  988  (19 15). 
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given  in  the  paper/  Now,  while  not  denying  that  he  possesses  such  evi- 
dence, or  that  an  intermediate  compound  can  be  formed  in  this  case,  it 
must  be  remembered  that  Baly  is  w«qiming  here  that  every  change  of 
absorption  curve  indicates  a  change  of  chemical  composition.  That  this 
is  true  has  not  been  demonstrated;  on  the  contrary,  that  this  is  not  true, 
has  been  indicated  by  various  absorption  studies.* 

Now  since  the  existence  of  intermediate  compotmds,  in  the  two  cases 
given,  is  merely  assumed,  no  real  proof  of  Baly's  theory  is  submitted. 
Furthermore,  even  though  the  alleged  intermediate  compounds  could  be 
proven,  they  wotdd  not  in  themselves,  nor  would  their  absorption  curves* 
constitute  evidence  of  "opened-up  force-fields,"  for  m3niads  of  inter- 
mediate molecular  compounds  are  recognized  by  chemists  without  postula- 
ting or  necessitating  a  condition  of  "stages"  or  "opened-up  force-fields." 

Let  us  next  consider  how  lights  as  well  as  solvents,  "open  up  closed  force- 
fields."  Let  us  see,'  indeed,  "how  the  whole  of  the  phenomena  of  photo- 
catalysis  can  be  explained."  This  explanation  follows.  "Due  as  they 
are  in  the  first  place  to  the  rotation  of  the  electrons  of  the  constituent 
atoms,  it  follows  that  the  force-fields  must  be  capable  of  absorbing  these 
rays  of  light  which  have  the  same  frequency^  as  that  of  the  electrons. 
The  light  in  being  absorbed  does  work  upon  the  closed  field  and  opens 
them,  and  this  gives  a  rational  explanation  of  the  selective  absorption  of 
Hght." 

It  is  observed  that  this  "rational"  explanation  involves  the  following 
asstunptions:  (i)  the  electronic  composition  of  all  matter,  (2)  rotation 
of  electrons,  (3)  synchronous  vibrations  of  electrons  and  rays  of  light,  (4} 
transference  of  some  light  energy  into  chemical  energy,  and  (5)  conse- 
quent maintenance  of  force-fields  in  an  "opened-up  state."  It  would 
seem  that  much  light  is  necessary  for  all  this. 

Now  while  remembering*  "the  primary  assumption  that  there  exists 
a  definite  correlation  between  the  constitution  of  a  compound  and  the 
power  which  it  exerts  of  absorbing  light"  or,  in  other  words,  while  be- 
lieving with  Baly  that  each  absorption  line,  band,  or  general  absorption 
area  is  caused  by  a  different  and  definite  "opened-up  stage,"  let  us  see 
what  conclusions  can  be  drawn  from  absorption  spectra  of  pure  sub- 
stances. 

^  LoccU. 

*  See  the  various  absoiption  corves  of  acetoacetic  ester,  etc.,  in  different  solvents: 
Hantzsch,  Ber.,  43,  3057-74;  Baly  and  Desch,  J.  Chem.  Soc.,  85,  1034-39;  «ee  also 
Purvis'  papers  for  more  rational  explanations  of  absorption  bands. 

»  Tras  Journal,  37,  986  (1915). 

^  It  is  possible  that  rays  of  light  whose  frequencies  differ  from  the  frequencies  of 
the  electrons  are  the  ones  that  are  absorbed.  That  photochemical  substances,  so  simple 
as  silver  halides  are  sensitive  to  a  wide  range  of  light  rays  suggests  such  a  possibility. 

«  J.  Soc.  Chem  Ind„  34,  394  (J9T5);  'This  Journai,,  37,  979  (1915)- 
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Consider  first  the  simple  substance  water.  We  find^  that  it  gives  a 
multitude  of  absorption  lines  and  bands,  hence  we  must  conclude  with 
Baly  that  it  possesses  a  multitude  of  "opened-up  stages"  and  a  multitude 
of  difiPerent  reactivities. 

Or  let  us  consider  benzene.  Hartley  and  Huntingtcxi*  found  in  the 
ultraviolet  spectrum  seven  absorption  bands;  this  was  confirmed  by  Baly 
and  Collie.'  The  latter  authors  demonstrate  geometrically  that  benzene 
can  have  only  seven  "stages,"  hence  a  striking  "agreement  between  facts 
and  the  theory"  is  claimed.  Now  since  this  illustration  is  often  quoted 
and  is  used  as  the  basis  of  a  d3mamic  theory^  of  the  benzene  system,  it 
must  be  recalled  not  only  that  liquid  benzene  itself  exhibits  numerous 
bands  in  the  visible  and  the  infra-red  r^ons  of  the  spectrum,^  but  Hart- 
ley' has  shown,  when  in  the  form  of  vapor,  benzene  gives  eighty-two  bands. 
It  is  evident  that  this  theory,  based  on  coincidental  relations  of  absorption 
bands  in  a  portion  of  the  spectrum,  to  pulsating  linkings  or  "opened-up 
stages,"  must  fall. 

Notice  further  what  erroneous  condusions  may  be  drawn  from  a  limited 
portion  of  the  spectruoL  On  the  one  hand,  we  find  benzene  giving  more 
than  seven  bands,  while,  on  the  other  hand,  we  find  naphthalene'  giving 
only  three  bands.  According  to  Baly's  theory,  the  latter  possessing  more 
structural  Unkings,'  should  have  more  bands  and  more  "stages,"  but 
such  is  not  the  case,  hence  again  the  theory  is  shown  to  be  inconsistent. 

*  Kayser's  "Handbueh  dcr  Spectroscopic,"  Vd.  Ill,  pp.  389-399.  See  Baly's 
vagae  discussion  of  hydxBtion>  Tais  Journal,  37?  983  (1915)- 

*  PkU,  Trafu.,  270,  257  (1879).  Hartley  and  Dobbie  found  only  six  bands,  /. 
Chetn.  Sac,,  73,  695  (1898). 

•  /.  Chetn.  Soc.,  87,  1335-6  (1905).  Grebe  gives  eight  bands,  Z.  wiss.  Phot.,  3, 
376. 

*  /.  Chem.  5^.,  71,  1013  (1897);  87,  1826  (1905);  89,  514  (1906).  Also  see  Srailes's 
text-book  (p.  383)  and  other  text-books  of  the  Ramsay  series. 

•  Kayser's  "Handbueh  der  Spectroscopic,"  Vol.  Ill,  pp.  483-5. 

•  Prac.  Roy.  Soc.,  80,  162;  PhU.  Trans.,  208,  475  (1908).  [In  the  reply  following, 
Baly  quibbles  over  the  use  of  the  term  absorption  band.  In  this  paper  I  have  always 
quoted  and  used  this  term  in  the  sense  and  words  of  no  less  authority  than  Kayser 
(and  Baly  faimsdf).  As  the  result  of  recent  studies,  however,  Baly  would  now  have  us 
believe  "by  the  term  absorption  band  is  always  meant  an  absorption  band  group." 
Notice,  a  band  is  a  band  group.  Until  these  become  interchangeaUy  and  commonly 
accepted  I  must  beg  to  limit  my  use  of  these  terms  to  the  common  usage  of  the  litera- 
ture. It  would  be  interesting  to  have  Baly  state  how  many  absorption  bands,  absorp- 
tion band  groups  and  absorption  lines  the  simple  compound  benzene  gives.  (See 
Baly,  Astrophys.  J.,  4a,  32-35  (1915).)  Also  how  many  "molecular  phases"  or  "opened- 
up  stages"  does  benzene  possess?] 

^  Baly  and  Tuch,  /.  Chem.  Soc.,  93,  1902  (1908);  Stokes  and  Soret,  Arch.  soc. 
phys.  et  not.,  [3]  9»  5i3;  Hartley,  J.  Chem.  Soc.,  47»  685  (1885). 

*Baly  and  Tuqh,  /.  Chem.  Soc,  93,  1905  (1908).     "Naphthalene consists  of 

two  rings  of  which  one  is  truly  benzonoid."  See  here  also  Baly's  effort  to  bolster  up 
his  isorropesis  theory. 
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Though  no  good  reason  has  ever  been  given  why  all  the  spectral  bands' 
should  not  be  used  in  studies  on  the  relation  of  absorption  spectra  to 
chemical  constitution  and  chemical  dynamics,  Baly  and  others  have  made 
use  almost  exclusively  of  the  ultraviolet  region.  Recently'  Baly  realizes 
the  importance  of  infra-red  bands  for  we  read:  "It  would  seem  obvious 
that  there  must  be  an  intimate  connection  between  all  the  absorption 
bands  exerted  by  a  compound,  in  whatever  region  of  the  spectrum  they 
may  occur." 

Therefore,  while  making  use  of  all  available  absorption  lines  and  bands, 
let  us  examine  simple  and  dosdy-related  substances  to  see  if  they  correlate 
with  dynamic  groups,  linkings,  or  ''opened*up  stages."  The  following^ 
may  be  taken  as  typical  examples:  nitric  acid-8;  chloroform-15;  methyl 
alcohol-13;  ethyl  alcohol-13;  ethyl  bromide-27;  ethyl  nitrate-io;  acetic 
acid-9;  paraldehyde-15;  amyl  alcohol-19;  valeric  add-io;  toluene-35; 
aniline-36;  nitrobenzene-ii;  mesitylene-34;  turpentine- 13;  thymol-22; 
brombenzene-io;  picoline-24;  p3rridine-23,  etc. 

Correlations  of  these  lines,  bands  and  non-enumerated  general  ab- 
sorption areas,  with  definite  structures  or  "opened-up  stages"  of  the 
respective  molecules  are  evidently  impossible.  But  the  problem  is  further 
complicated  by  a  large  increase  of  lines  and  bands  when  the  substances 
are  studied  in  the  form  of  vapor. 

Hartley,*  Purvis^  and  others  have  recently  shown  that  many  com- 
pounds, studied  spectrophotometrically  in  the  form  of  vapor,  give  larger 
general  absorption  areas,  and  stronger,  wider  and  more  numerous  bands, 
than  at  ordinary  temperatures.  Furthermore,  varied  pressures  give 
similar  effects.  For  instance,  with  piperidine  Coblentz*  finds  one  band 
in  the  infra-red;  Hartley^  and  Purvis^  find  no  band  when  it  is  viewed 
in  an  alcohol  solution;  however,  in  the  form  of  vapor  at  ;^^  mm.,  Purvis^ 
&ads  fifteen  bands. 

Other  results  obtained  by  Purvis,  working  with  compounds  at  varied 
temperatures  and  pressm-es,  are  as  follows:  pyridine^®  (14®  and  758  mm.), 

1  Kayser's  "Handbuch  der  Spectroscopies'  Vol.  III.  See  here  complex  spectra  of 
simple  substances.  See  also  Purvis'  series  of  papers,  Proc.  Comb,  Phil,  Soc.,  14,  381 « 
436.  568  (1907);  J-  Chem.  Soc.,  95,  294;  97>  692,  1035,  1546,  1648;  99,  2318. 

*  /.  Chem.  Soc.  Ind,,  34,  394  (1915);  Astrophys,  J ,  42^  4  (1915)- 

'These  figures  are  taken  from  Kayser's  "Handbuch  der  Spectroscopie/'  Vol. 
III.  Owing  to  conflict  of  authorities*  the  numbers  given  cannot  be  vouched  for. 
However r  they  are  probably  more  numerous  than  indicated. 

*PhU.  Trans.,  aoS,  475. 

*  See  references  above. 

*  Astrophys.  J.,  ao,  207. 
^  /.  Chem.  Soc.,  47f  685- 
»/6fd.,  97.  712. 
•/Wrf.,  97,  710. 

»•  Ibid.,  97,  694. 
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38  bands;  a-picoline^  (15^  and  745  mm.)>  14  bands;  nicotine'  and  coniine, 
no  bands;  quinoline'  (60^  and  865  mm.),  one  band;  aniline^  (14^  and 
763  mm.)>  83  bands;  homologs  of  aniline,  in  the  form  of  vapor,  no 
bands;  furane*  (13*  and  749  mm.)>  15  bands;  furfuroP  (12°  and  158 
imn.)»  21  bands;  pjrrror  (17°  and  760  mm.),  4  bands. 

Prom  these  and  other  studies  the  conclusion  is  drawn  that  absorption 
bands  cannot  at  present  be  correlated^  with  chemical  structures,  Unkings, 
dynamic  groups,  or  "opened-up  stages."  On  the  contrary,  as  was  pointed 
out  by  Purvis,*  "a  complete  explanation  of  the  origin  of  selective  ab- 
sorption implies  a  consideration  of  many  and  deep-seated  factors."  Such 
explanation^^  implies  "a  balance  of  a  complex  series  of  disturbances,  and 
the  forces  which  determine  these  include  such  factors  as  the  number,  the 
mass,  the  intrinsic  characters,  and  the  orientation  of  the  atoms  of  both  the 
-nucleus  and  the  side-chains;  the  physical  conditions  of  the  vibrating 
system  as  vapors  or  in  solution  or  as  liquids  at  various  temperatures  and 
pressures:  and  on  the  disturbances  and  reaction  of  the  vibrations  conse- 
quent on  the  absorption  of  the  radiant  energy  by  the  various  oscillating 
atoms  and  atomic  groups." 

Another  observation  on  absorption  studies  must  be  made.  The 
ordinary  absorption  curves,  plotted,  as  they  are,  from  the  limits  of  posi- 
tions of  absorption  bands,  that  is,  each  band  at  each  observed  thickness 
suppl3ring  two  points  on  the  coordinate  field  and  all  points  being  linearly 
connected,  must  be  regarded  as  position  curves  and  cannot  properly  be 
interpretated  as  dynamic  curves.  However,  such  dynamic  interpretations 
are  frequently  and  erroneously  implied  or  made,  yet  such  interpretations 
probably  are  as  fallacious  as  an  object-associated,  dynamic  interpretation 
of  a  curve  derived  in  a  similar  manner  from  the  limits  of  shadows  of  such 
object  illuminated  by  an  approaching  light. 

In  this  connection  it  must  be  recalled  that  the  primary  assumption  in 

•  J,  Chem  Soc,,  97,  700. 

'  Ibid.,  97,  1036.    Nicotine  shows  one  band  in  alcohol  solution. 
'  Ibid.,  97,  1038;  47,  685.    Shows  three  bands  in  alcohol  solution. 
^  Ibid.,  97,  1548. 

•  Ibid.,  97,  1648. 

•  Ibid.,  97,  1650. 

'JWd.,  97»i655- 

•  pn  his  most  recent  paper  (Astrophys.  J.,  42, 4  (1915))  and  in  the  reply  following, 
Baly  attempts  to  correlate  absorption  groups,  bands,  and  lines  of  the  entire  spectrum. 
How  well  he  has  done  this  remains  to  be  seen.  However,  it  must  be  remembered,  as  stated 
above,  such  correlations  may  be  irrelevant  to  the  phenomena  of  chemical  reactivity. 
After  persuing  all  of  Baly's  recent  papers,  the  conviction  remains,  whereas  he  has 
multiplied  words  and  made  many  dogmatic  statements  in  respect  to  chemical  re- 
acti^ty,  he  has  thrown  no  new  light  on  chemical  activity  and  has  not,  in  any  one  in- 
stance, correlated  light-vibration  phenomena  with  a  definite  chemical  reactivity.  ] 

•  /.  Chem,  Soc.,  97,  1659  (1910). 
^^  Ibid.,  99^  2323  (1911). 
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correlations  of  absorption  phenomena  and  chemical  constitution,  is  that 
similarity  of  curves  indicates  similarity  of  dynamic  groups.  That  this  is 
not  true  is  evident  not  only  in  all  cases  of  curves  whose  ordinates  are 
thicknesses  of  the  same  solution^  but  also  in  studies  of  the  ciuves  them- 
selves. 

If  comparisons  are  made  of  the  curves  of  certain  divergently  con- 
stituted compounds  as,  for  instance,  aniline*  and  tetrachloropyridine* 
and  acetylacetone*  and  ethyl  cinnamate,*  /J-aminobenzaldehyde  hydro- 
chloride* and  4-nitro-^-xylene^  and  ;p-nitroanisole,®  ;p-aminoben2aldehyde* 
and  nitrofluorene,^®  etc.,  it  will  be  observed  that  their  curves  are  respec- 
tively not  only  nearly  identical  but  that  they  differ  far  less  widely  than 
the  curves  of  homologs^^  or  of  the  same  substance  in  different  solvents. 
Surely,  in  the  light  of  our  present  knowledge,  it  is  hopeless  to  attempt  to 
correlate  absorption  phenomena  and  dynamic  groups  of  so  divergent 
compounds. 

Another  important  observation  on  absorption  spectra  studies  must  be 
made  at  this  time.  Hartley's  early  experiments  were  based  on  studies 
of  different  concentrations  in  equal  thickness.  Later  the  method,  almost 
universally  employed  by  Hartley,  Baly  and  others,  involved  different 
thicknesses  of  the  same  solution.  This  latter  method,  while  more  con- 
venient, brings  into  the  viewed  field  static  molecules,  hence  involves  no 
chemical  change  other  than  chemical  equilibria.  The  former  method, 
involving  equal  thickness  of  varied  concentrations,  brings  into  the  viewed 
field  molecules  whose  number  is  progressively  modified  by  the  solvent,^* 
the  chemical  changes  thus  resulting  being,  of  coiurse,  such  as  are  pro- 
duced by  ionization,  hydrolysis,  etc.  This  latter  method,  therefore, 
must  be  more  fitted  for  study  of  the  */opening-up"  influence  of  solvents 

*  See  below. 

*  /.  Chem.  Soc.,  87,  1343. 
*Ihid.,  91,  1 124. 

*  Ibid,,  85,  1034. 
^Ibid.,  93,  1812. 
*/&«;.,  93,  2 1 10. 
^  Ibid,,  97,  574- 

*  Ibid,,  Sg,  siS, 

*  Ibid.,  93,  2 1 10. 
"  Ibid.,  97,  577. 

11  Ibid,,  87,  1342-3  (1905);  93,  2 1 10  (1908).  Compare  benzene  and  ethyl  benzene; 
aniline*  methylaniline  and  dimethylaniline;  o-aminobenzaldehyde  and  ^aminobenz- 
aldehyde. 

^'  Recently  Baly  realizes  the  important  influence  of  concentration  on  absorption 
(J.  Chem,  Soc.,  loz,  147 1  (1912)).  "Variation  of  dilution  in  any  one  solvent  at  once 
gives  an  explanation  why  Beer's  law  fails  to  hold  in  so  many  cases."  Later  (Ibid., 
Z03,  91  (i9i3))»  Baly  studied  acetoacetic  ester  and  pyridine  through  such  a  range  of 
concentrations  as  10  i\^  to  0.0002  N,  and  observed  that  the  "step-out/'  or  limits  of  trans- 
mission of  bands,  varies  progressively  but  not  in  accordance  with  Beer's  law. 
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than  the  former.  Now,  since  Baly's  theory  is  built  up  primarily  on  such 
"opening-up  by  solvents/'  it  seems  remarkable  that  his  experiments  are 
based  on  the  very  method  which  cannot  readily  show  ''opening-up  by 
solvents." 

It  may  be  maintained  that,  by  changing  the  concentration  of  solutions 
and  viewing  these  in  equal  thicknesses,  spectra  are  obtained  which  show 
the  progressive  influence  ("opening-up")  of  the  solvent.  However, 
attention  must  be  called  to  the  possibility  that,  even  when  the  solute  is 
not  modified  by  the  solvent,  such  solute  molecules  themselves  may  in- 
fluence the  rays  of  light  in  some  manner  similar  to  finite  masses;  that  is, 
a  grouping  or  clumping  of  solute  molecules  in  concentrated  solutions  and 
a  tkinmng-out  by  dilution  may  be  factors  in  absorption  phenomena. 

Summary. 

1.  Baly's  theory,  "the  force-field  theory,"  is  given  as  an  explanation 
of  chemical  reactivity  and  other  chemical  phenomena. 

2.  This  theory  is  based  entirely  on  light-absorption  phenomena,  the 
tme  nature  of  which  is  unknown. 

3.  Baly's  experimental  methods  have  often  been  modified  during  the 
past  decade  but  give  little  confidence  of  value  for  the  estabUshment 
of  his  theory.  As  "proofs"  of  his  theory  the  experiments  are  too  limited 
and  almost  entirely  unconvincing. 

4.  Drawing  definite  structural  or  dynamic  conclusions  from  absorption 
phenomena  is  unwise;  grounding  a  comprehensive  chemical  theory  on  the 
same  is  too  speculative  to  serve  any  useftd  purpose. 

SsATTLS.  Wash. 


A  KEPLT  TO  DR.  DEHN. 

By  B.  C.  C.  Baly. 
Received  October  11.  1915. 

History  always  repeats  itself.  Whenever  any  man  has  been  bold  enough 
to  put  forward  new  views  involving  something  more  fundamental  than  the 
average,  the  Tories  of  the  time  held  up  their  hands  in  horror  at  his  daring, 
and  his  sacreligious  attempt  to  destroy  the  sacred  temples  of  their  faith. 
Somewhat  hasty  in  their  condemnation  they  frequentiy  suffer  from  a 
want  of  sympathetic  intelligence  and  understanding.  While  very  far 
from  suggesting  that  Dr.  Dehn  in  any  way  resembles  the  Tories  of  history 
I  win  endeavor  to  show  that  he  does  not  quite  understand  and  that  the 
gift  of  sympathy  is  not  his. 

Dr.  Dehn  attacks  my  theory  in  mass  formation  on  all  sides  and  I  am 
very  sensible  of  the  honor  done  to  it.  At  first,  however,  he  complains 
that  I  have  modified  my  original  views  and  do  not  speak  in  exactiy  the 
same  language  as  in  1906.  He  even  points  out  that  I  have  employed  new 
methods  of  work.    Such  criticism  is  not  seemly  from  a  man  of  science, 
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who  no  doubt  himself  always  tries  to  work  under  the  best  experimental 
conditions  and  to  modify  his  early  views  by  help  of  the  experience  gained 
from  many  years  of  labor. 

Tinning  to  the  theory  itself  as  presented  in  my  paper  I  ought  first  of 
all  to  point  out  (as  was  done  in  the  original  paper)  that  the  development 
of  the  theory  from  the  physical  side  is  dealt  with  elsewhere.  This  side  has 
fully  been  discussed  also  in  a  recent  paper,  ^  and  in  this  paper  will  be 
foimd  an  answer  to  the  majority  of  Dr.  Dehn's  objections. 

I  will  restate  my  theory  as  shortly  as  possible.  Every  molecule  con- 
sidered in  a  free  state  has  a  minimum  reactivity.  By  the  supply  of  energy 
to  a  molecule  it  gains  a  definite  reactivity,  and  normally  speaking  it  must 
absorb  that  energy  before  it  can  react.  The  energy  may  be  supplied  by 
solvent,  light,  heat,  electricity,  etc.  Dr.  Dehn  is  under  an  entire  mis- 
conception when  he  states  that  I  limit  the  energy  supply  to  solvent  or 
light.  I  discussed  these  two  sources  in  particular  because  I  happened  to 
have  experimented  with  them.  Each  molecule  when  it  takes  in  energy 
always  absorbs  it  in  definite  amounts.  After  the  absorption  of  each 
definite  amount  of  energy,  the  molecule  becomes  endowed  with  a  definite 
specific  reactivity.  Every  molecule  therefore  can  exist  in  definite  phases 
according  to  the  amounts  of  energy  which  it  has  absorbed.  Each  of  these 
phases  is  characterized  by  a  definite  vibration  frequency  of  the  order  of  light 
vibrations,  and  thus  each  phase  may  be  recognized  by  its  own  absorptive 
power  of  light  of  definite  frequency,  that  is  to  say  by  its  absorption  band. 
The  quantity  of  energy  that  must  be  absorbed  by  the  molecule  when 
existing  in  any  one  phase  is  given  on  the  energy  quantum  theory  by 
xhv,  where  v  is  the  vibration  frequency  characteristic  of  the  phase  of  the 
molecule,  h  is  the  Planck  constant  and  x  =  i>  2,  3,  etc. 

From  a  chemical  point  of  view  therefore,  if  a  molecule  is  to  enter  into  a 
reaction  it  must  absorb  at  least  one  quanttun  of  energy  (hv)  and  these 
quanta  can  be  suppUed  by  the  solvent,  by  light,  by  heat,  etc. 

The  above  facts  as  regards  the  different  vibration  frequencies  and  the 
reactivities  of  the  various '  molecular  phases  I  have  dearly  established 
by  experiment.  Dr.  Dehn  falls  into  serious  errors  when  he  criticizes 
these  experimental  facts.  He  states  that  since. concentration,  tempera- 
ture, etc.,  have  marked  effects  on  absorption  bands  there  must  be  an 
infinite  number  of  phases  for  any  given  molecule.  Such  a  statement  is 
absurd,  because  the  effects  of  concentration  and  temperature  on  the 
wave-length  of  the  center  of  the  band  are  relatively  small,  while  the 
difference  between  the  position  of  the  bands  due  to  two  molecular  phases 
is  very  large.  There  is  never  the  slightest  chance  of  one  being  confused 
with  the  other. 

Perhaps  the  most  serious  error  Dr.  Dehn  has  fallen  into  is  over  these 
*  Asiropkys,  J.,  42,  4  (1915). 
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absorption  bands  themselves.  Had  he  only  read  my  papers  in  the 
Pkilosopkical  Magazine  or  had  he  only  studied  the  genenil  question  of 
absorption  bands  he  would  have  been  saved  from  this. 

By  the  term  absorption  band  is  always  meant  an  absorption  band 
group.  When  Hartley,  Hantzsch,  Purvis,  or  I  speak  of  an  absorption 
band  we  always  refer  to  the  whole  band  group.  In  many  cases  one  ab- 
sorption band  can  be  subdivided  into  several  sub-groups,  and  again  very 
frequently  each  sub-group  can  be  resolved  into  fine  absorption  lines.  I 
may  say  once  and  for  all  that  it  is  the  whole  band  group  which  is  char- 
acteristic of  the  molecular  phase.  The  fact  that  there  are  for  example 
upwards  of  400  lines  composing  the  single  ultraviolet  band  of  benzene 
simply  shows  that  there  can  be  recognized  400  closely  situated  vibrations 
characteristic  of  one  absorption  band  group  and  one  molecular  phase. 
Dr.  Dehn  goes  so  far  as  to  say  that  this  on  my  theory  would  mean  400 
different  molecular  phases.    It  means  nothing  of  the  sort. 

The  structure  of  a  band  group  and  the  origin  of  the  component  ab- 
sorption lines  is  of  some  interest,  and  I  think  will  dispel  any  lurking  doubt 
on  this  point.  The  long-wave  infra-red  spectrum  of  a  substance  shows 
series  of  absorption  bands.  The  frequencies  of  the  bands  in  any  series 
form  consecutive  multiples  of  a  fundamental  frequency.  These  funda- 
mental frequencies  are  supposed  to  be  rotational  and  are  relatively  small. 
In  each  series  the  intensities  of  the  bands  decrease  as  the  series  pro- 
gresses until  they  become  very  small.  When  there  are  several  series  there 
must  exist  convergence  frequencies  and  at  these  positions  there  will  again 
be  strong  absorption  bands,  and  each  such  convergence  frequency  forms 
the  fundamental  frequency  of  a  new  series,  and  so  on.  Clearly  therefore 
the  central  frequencies  of  aU  the  absorption  band  groups  shown  by  a 
substance,  if  they  belong  to  one  series,  should  form  consecutive  multiples 
of  a  ftmdamental  frequency.  There  should  also  be  a  constant  difference 
between  the  central  frequencies  of  consecutive  absorption  bands,  and  this 
constant  difference  should  equal  the  fundamental  frequency  of  that  series. 

Now  I  have  examined  many  substances  and  in  every  case  where  the 
complete  data  are  obtainable,  I  find  this  constant  frequency  difference 
between  consecutive  absorption  bands,  and,  further,  that  this  constant 
difference  equals  the  frequency  of  an  important  band  in  the  infra-red, 
i.  €.,  the  fundamental  band  of  the  series.  It  is  these  absorption  bands 
in  the  visible  and  ultraviolet,  due  to  consecutive  multiples  of  the  short- 
wave infra-red  band  that  forms  the  basis  of  the  series,  that  I  refer  to  in 
speaking  of  the  characteristic  vibration  frequencies  of  the  molecular 
phases. 

To  turn  to  the  structure  of  any  single  absorption  band  group,  B  jerrum 
showed  that  in  the  case  of  bands  in  the  short-wave  infra-red  region 
(X  n  ifi  to  10  n)  each  band  consists  of  a  single  central  absorption  line  and 
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that  there  are  syinmetrically  distributed  round  it  lines,  the  frequency 
of  which  are  given  by  C  =*=  nKi,  C  =*=  nK«,  etc.,  where  C  is  the  central 
frequency,  Ki,  Ka,  etc.,  are  the  fundamental  frequencies  in  the  deep 

infra-red,  and  n  =  i,  2,  3,  4 etc.   I  have  found  that  exactly  the  same 

holds  good  for  the  visible  and  ultraviolet  absorption  bands.  This  I  think 
eflFectually  proves  that  the  band  group  is  to  be  considered  as  a  whole 
system  belonging  to  one  molecular  phase. 

Before  leaving  this  physical  side  of  the  theory  I  think  it  is  of  some 
interest  that  where  there  are  several  fundamental  series  of  vibrations 
in  the  deep  infra-red,  each  series  in  all  probabiUty  arises  from  a  specific 
atom  or  group  of  atoms.  Thus  I  have  been  able  to  calculate  the  ab- 
sorption system  of  phenol  from  those  of  benzene  and  water,  and  I  hope 
shortly,  together  with  my  friend,  C.  S.  Garrett,  to  show  that  the  vibra- 
tions of  the  SOj  molecule  are  due  entirely  to  the  sulfur  and  oxygen  atoms. 
Since  the  reactivity  of  a  molecule  depends  on  the  phase  it  accepts,  and 
since  the  phase  is  characterized  by  a  free  period  of  vibration  compounded 
from  those  due  to  the  constituent  atoms,  the  deductions  that  might  be 
drawn  are  suggestive. 

I  have  laid  some  stress  on  the  physical  side  of  the  theory  because  therein 
is  to  be  found  the  proof  that  different  absorption  band  groups  and  re- 
activities of  one  and  the  same  substance  are  not  due  to  molecular  re* 
arrangement  as  suggested  by  Dr.  Dehn.  As  long  as  the  constant  fre- 
quency difference  relation  between  them  holds  good  all  the  visible  and 
ultraviolet  band  groups  must  be  functions  of  the  same  primary  structure, 
namely,  that  primary  structiu-e  which  shows  the  fundamental  infra-red 
band  group. 

The  foregoing  constitutes  the  fundamental  basis  of  my  theory.  In 
order  to  account  for  the  phenomena  I  have  made  use  of  the  conception 
of  the  electromagnetic  force-fields  of  the  atom  as  employed  by  physicists 
to  explain  the  Zeeman  effect,  and  by  Humphreys  to  explain  the  pressure 
shift  of  spectrum  lines.  By  the  application  of  these  atomic  force-fields 
to  the  molecule  I  show  that  all  the  phenomena  of  chemical  reactivity 
can  be  explained.  The  first  result  accrues  that  the  so-called  affinity  is  the 
outward  and  visible  sign  of  the  mutual  action  of  the  atomic  and  molecular 
force-fields. 

Certain  other  deductions  also  follow.  On  the  one  hand,  we  have  the 
existence  of  the  molecular  phases,  such  as  were  foretold  from  the  energy 
quantum  theory;  on  the  other,  the  mechanism  of  chemical  reaction 
whereby  an  intermediate  reactive  phase  must  be  accepted  by  any  mole- 
cule before  it  reacts.  With  all  due  respect  to  my  opponent  this  last  has 
definitely  been  proven.  The  proof  is  fourfold;  firstly,  the  change  in  ab- 
sorption exhibited  by  a  compound,  namely,  the  formation  of  a  new  ab- 
sorption band  at  the  moment  before  a  reaction  takes  place  which  dis- 
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appears  when  the  reaction  takes  place.  Secondly,  the  fact  that  the 
vibration  frequency  of  the  new  absorption  band  is  the  same  as  that  of  the 
fluorescence  band  of  the  substance  before  the  change  of  phase  took  place. 
Thirdly,  the  dijfference  between  the  frequencies  of  the  absorption  band 
groups  shown  before  and  after  the  change  in  molecular  phase  is  equal 
to  the  frequency  of  the  fundamental  absorption  band  in  the  infra-red» 
observed  with  the  pure  substance  in  the  absence  of  solvent.  Fourthly* 
the  reaction  will  not  take  place  at  all  unless  the  molecules  pass  first  into 
the  new  and  active  phase.  (The  remaining  deductions  as  regards  catalysis, 
etc.,  are  so  obvious  that  they  need  not  be  referred  to.) 

I  feel  that  I  have  said  enough  to  answer  the  majority  of  Dr.  Dehn's 
criticisms,  namely,  those  which  are  based  on  misconception.  No  assump- 
tion IS  made  that  the  necessary  energy  is  derived  from  the  solvent  or  light 
only.  The  band  groups  characteristic  of  the  phases  of  any  one  molecule 
are  few  in  number  and  can  perfectly  well  be  recognized  by  the  constant 
frequency  difference  relation.  Finally,  the  complete  structure  of  a  single 
band  group  as  studied  by  Hartley,  Purvis  and  others  must  not  be  con- 
fused with  the  different  band  groups  themselves.  Although  one  band 
group  may  consist  of  many  htmdred  absorption  lines,  it  is  the  whole  group 
which  is  characteristic  of  the  molecule. 

The  remaining  criticisms  may  be  dealt  with  seriatim  as  follows:  Dr. 
Dehn  says  that  the  theory  is  based  solely  on  light  phenomena,  and  that 
it  presents  nothing  new  or  useful.  After  all,  the  whole  of  astronomy  is 
based  on  observations  of  light  phenomena  and  indeed  it  is  to  the  great 
work  of  Dr.  Dehn's  fellow  Americans  that  this  science  owes  so  much. 
If  there  were  nothing  new  in  the  views  I  put  forward,  I  believe  that  Dr. 
Dehn  would  not  be  so  troubled  in  spirit.  When  he  says  "nothing  use- 
ful" then  I  fear  he  lacks  an  intelligent  sympathy,  for  I  maintain  that  my 
theory,  based  as  it.  is  on  the  force-fields  of  atoms  so  successfully  employed 
by  physicists  to  explain  the  Zeeman  effect  and  pressure  shift  of  spectrum 
lines,  does  make  a  reasoned  attempt  to  explain  many  facts  of  chemistry 
which  are  somewhat  obscure.  I  need  only  mention  catalysis  and  those 
m3rriads  of  intermediate  molecular  compounds  he  refers  to  which  are 
recognized  but  not  explained  by  chemists. 

I  make  no  attempt  to  demonstrate  the  existence  of  the  force-fields, 
but  only  to  prove  the  existence  of  phenomena  which  the  application  of 
the  physicists'  conception  of  force-fields  to  chemical  reaction  leads  one  to 
expect. 

Dr.  Dehn  again  mistmderstands  me  when  he  says  that  I  assume  that 
every  change  of  absorption  indicates  a  change  in  chemical  composition. 
I  do  nothing  of  the  sort.  The  change  in  absorption  whereby  a  previously 
latent  free  period  of  vibration  is  called  into  play  is  due  to  a  change  in  the 
molecular  force-field  produced  by  the  addition  of  one  or  more  energy 


Digitized  by  VjOOQIC 


ao  G.  1^.  UPSCOMB  AND  G.  A.  HULBTT. 

quanta  supplied  by  light,  heat  or  solventi  etc.    The  chemical  composi- 
tion is  not  changed  but  only  the  reactivity. 

Dr.  Dehn  lastly  quarrels  with  my  use  of  the  phrase  residual  affinity. 
He  apparently  views  residual  affinity  as  being  only  the  property  of  mole- 
cules which  are  unsaturated  as  regards  the  primary  valencies  of  the  atoms 
composing  the  molecules.  I  plead  guilty  at  once  to  the  use  of  the  phrase 
in  a  far  less  restricted  sense.  Every  chemist  of  the  present  day  must 
surely  recognize  the  possession  by  compounds,  saturated  as  regards  their 
primary  valencies,  of  properties  which  may  best  be  classified  as  residual 
affinity.  Whether  these  properties  are  attributed  to  secondary  valencies 
or  to  any  other  cause,  the  properties  exist  and  it  is  these  that  I  speak 
of  as  residual  affinity  and  define  as  the  residuum  of  affinity  which  is  left 
after  the  force  lines  of  the  atomic  fields  have  condensed  together  with  the 
maximum  po$sible  escape  of  energy.  It  is  to  this  escape  of  energy  that 
the  heat  of  reaction  may  be  traced.  No  chemical  theory  can  exist  without 
affinity  although  there  seems  to  be  no  satisfactory  definition  or  explana- 
tion thereof.  I  have  ventured  to  show  that  in  the  electromagnetic  force- 
fields  of  the  atom  as  devised  by  the  physicist  an  explanation  can  be  found. 
Hinc  Ulae  lachrymae. 

Tun  Vktvmmssty,  Livskfoou 


[Contribution  from  tea  Laboratory  of  Chbmistry,  Princbton  Uniysrsity.] 
A  CALOMEL  STANDARD  CELL. 
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Bxperimental  investigations  on  standard  cells  have  been  confined  mainly 
to  two  combinations,  the  Clark  cell  and  the  Weston  cell.  These  have 
been  characterized  by  their  reproducibility  and  their  constancy,  while  other 
combinations  which  have  been  studied  have  proved  lacking  in  these 
characteristics.  For  the  construction  of  standard  cells  it  has  been  found 
necessary  to  employ  liquid  electrodes,  owing  to  the  inconstancy  of  poten- 
tial shown  by  a  metal  in  the  solid  state  against  a  given  solution,  so  mercury 
and  amalgams  are  used.  Further,  it  is  necessary  that  the  base  metal 
exist  in  only  one  state  of  oxidation  and  well  removed  from  mercury  in 
the  electromotive  series.  The  salts  of  the  base  metals  shotdd  be  well 
defined  and  be  quite  soluble.  It  has  been  assumed  that  the  depolarizer 
must  possess  a  certain  solubility  which  must  not  be  too  small,  since 
mercury  has  shown  a  constant  potential  only  against  the  electrol3rtes  which 
contained  reproducible  and  constant  amounts  of  mercury  in  solution. 
This  idea  has  been  regarded  as  militating  against  the  employment  of 
mercurous  chloride  as  depolarizer.  On  the  other  hand,  if  the  solubility 
be  too  great,  as  in  the  case  of  CuSO*  of  the  Daniell  cell,  diffusion  of  the 
depolarizer  may  take  place,  and  cause  inconstancy  of  the  cell.     With 
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mercury  as  cathode,  the  depolarizer  must  be  a  mercurous  salt;  and  the 
sulfate  seems  best  to  have  answered  all  these  requirements.  From  the 
experience  obtained  with  the  Weston  and  Clark  cells  it  has  been  found 
that  uniformity  in  the  size  of  particles  of  the  mercurous  sulfate  is  essen- 
tial, or  at  least  that  very  fine  grains  are  to  be  avoided.  This  has  been 
ascribed  to  surface  tension  effects  influencing  the  solubility  of  the  salt. 
The  desired  uniformity  has  been  obtained  by  the  electrolytic  method  of 
preparation,  emplo3dng  mercury  and  a  solution  of  the  acid  alone.  ^  This 
procedure  obviates  impurities  in  the  product,  which  would  occiu*  by  ad- 
sorption of  the  material  used  in  the  chemical  preparation  of  the  salt. 
Further,  the  presence  of  the  relatively  soluble  mercuric  salts  in  the  de- 
polarizer is  reduced  to  a  minimum  by  such  a  method  of  preparation. 

From  the  experience  in  this  laboratory,  extending  over  some  twelve 
years,  it  has  been  found  that  Weston  cells  containing  as  depolarizer  gray 
mercurous  sulfate — obtained  by  the  electrolytic  method  and  owing  its 
color  to  finely  divided  mercury — ^have  shown  the  greatest  constancy  and 
reproducibility.  This  fact  may  probably  be  explained  by  the  reducing 
action  which  the  finely  divided  mercury  would  exert  on  any  mercuric 
salts  which  might  be  formed  by  oxygen  from  the  solution  or  materials  of 
the  cell.  It  seemed  possible,  therefore,  that  the  inconstancy  of  results 
which  had  hitherto  been  obtained  in  the  case  of  "calomel  electrodes*' 
might  be  ascribed  to  the  very  great  effect  which  the  presence  of  a  small 
quantity  of  mercuric  salts  would  have  on  the  concentration  of  the  mer- 
cury in  solution,  for  the  concentration  of  the  mercurous  chloride  in  its 
saturated  solution  is  exceedingly  small.  With  finely  divided  mercury 
present,  such  variation  should  not  be  possible.  Further,  the  smaller  solu- 
bility of  calomel,  as  compared  with  mercurous  sulfate,  should  reduce  any 
effect  due  to  diffusion  of  the  depolarizer. 

Zinc  chloride  cannot  be  regarded  as  an  easily  handled,  well  defined, 
salt,  owing  to  its  hygroscopic  nature,  but  it  has  been  shown  by  Dietz* 
and  Cohen*  that  cadmium  chloride  forms  a  remarkable  well  defined  salt 
with  2  Vi  molecules  of  water  of  crystallization.  The  range  of  stable  exis- 
tence extends  from  -T»-ip®  to  +34.  i  ^  and,  for  all  ordinary  purposes  to  which 
standard  cells  may  be  put,  this  range  of  temperature  is  amply  sufficient. 
Its  solubility,  as  determined  by  Dietz,  was  found  to  be  no  g.  in  100  g. 
H2O  at  15  ^  and  120  g.  in  100  g.  HjO  at  25*,  which  was  sufficiently  great 
to  fulfil  the  conditions  requisite  in  standard  cell  work.  We  have  there- 
fore investigated  this  combination 

Cd  Amg.  I  CdCl,.2V«H20  K&CU  I  Hg, 
and  the  results  obtained  and  set  forth  in  the  following  show  a  reproduci- 

» Phys.  Rb9.,  22, 334  (1906). 

*  Z.  anarg.  Chem.,  20,  253  (XS99). 

»  Z,  physik.  Chmn.,  14,  73  d*^). 
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baity  and  constancy  rather  better  than  that  of  either  of  the  Clark  or  Wes- 
ton cells,  both  of  which  are  liable  to  vary  somewhat  with  time.  We  have 
observed  these  cells  about  nine  months. 

Preparation  of  Materials. 

a.  Mercury. — ^The  mercury  was  shaken  with  a  nitric  add  solution 
of  HgNOs  in  a  separatory  funnel  and  then  distilled  twice  in  a  vacuum. 

b.  Cadmium  Chloride. — ^A  high  grade  cadmitun  chloride  was  brought 
into  solution,  and  a  small  quantity  of  cadmitun  was  precipitated  as  cad- 
mium sulfide  with  hydrogen  stdfide.  The  solution  was  allowed  to  stand 
for  several  days  until  the  precipitate  had  settled.  The  resulting  dear 
solution  was  syphoned  oflF,  and  allowed  to  crystallize.    The  procedure 
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was  adopted  in  order  to 
displace  any  metals  from 
solution  having  a  lower 
electrolytic  potential 
than  cadmium,  and  in  ad- 
dition any  of  the  metals 
with  sulfides  more  insolu- 
ble than  that  of  cad- 
mitun.  The  solution  was 
allowed  to  evaporate  at 
room  temperature,  and 
thereby  large  and  well 
An  analysis  of  a  carefully 


formed  crystals  of  the  chloride  were  obtained. 

dried  specimen  of  this  product  yidded  19 . 5%  of  water. 

The  salt  was  therefore  CdCl2.2V«H20  in  agreement  with  the  observa- 
tions of  Dietz.^ 

Calomel  Electrode. 

The  Preparation  of  Calomel. — ^We  have  found  that  it  is  readily  pre- 
pared electrolytically  from  Hg  and  HCl.  The  apparatus  used  for  the 
preparation  of  the  calomd  was  the  same  as  that  employed'  for  the 
preparation  of  mercurous  sulfate,  except  that  a  tungsten  wire  of  2  mm. 
diameter,  rounded  to  fit  easily  into  the  jar,  served  as  cathode.  The 
cathode  remained  perfectly  bright  throughout  the  operation,  as  timgsten 
does  not  amalgamate  with  mercury,  while  platinum  does  and  has  a  slight 
solubility  in  the  mercury. 

Mercury  to  a  depth  of  about  2  cm.  was  put  into  the  jar  and  covered 
with  a  molar  hydrochloric  add  solution  to  a  depth  of  15  cm.  A  current 
density  of  2  amps,  per  100  sq.  cm.  of  dectrode  surface  was  used.  The 
product  obtained  was  crystalline  and  gray  in  color,  due  to  the  presence  of 
findy  divided  mercury.     The  preparation  separated  from  the  mass  of 

^  Z.  anorg.  Chem.,  ao,  257  (1899). 
«  Pkys,  Rev.,  22,  334  (1906). 
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mercury  by  stirring,  decantation  and  the  use  of  separatory  funnel,  using 
molar  hydrochloric  acid.  The  preparation  was  kept  in  a  dark  place  under 
the  add. 

Cadmium  Amalgam.; — A  io%  cadmitun  amalgam  was  used  in  the  con- 
struction of  the  cells.  This  amalgam  was  prepared  by  means  of  electrol- 
yris,  using  distilled  mercury  and   pure  crystals  of  cadmium  sulfate. 

Preparation  of  the  Paste. — ^A  Uttle  filter  was  cut  from  filter  paper 
with  a  large  cork  borer  and  fitted  to  a  Gooch  crucible.  The  calomel 
was  brought  into  the  Gooch  crucible  and  the  acid  removed  as  completely 
as  possible  by  suction;  it  was  then  washed  5  or  6  times  with  absolute  alco- 
hol. The  absolute  alcohol  was  next  removed  by  washing  several  times 
with  a  saturated  solution  of  cadmium  chloride.  For  thorough  washing 
it  is  best  not  to  have  the  chloride  in  the  Gooch  crucible  over  2  cm.  deep. 
The  washed  chloride  was  mixed  with  about  one-half  its  volume  of  finely 
powdered  cadmium  chloride  and  then  the  saturated  solution  of  cadmium 
chloride  added  with  stirring  tmtil  a  homogeneous  paste  was  formed. 
The  paste  should  be  of  such  a  consistency  that  it  will  flow  from  a  5  mm. 
glass  tube. 

The  H  type  of  cell  was  used,  as  it  is  easily  filled  and  allows  the  contents 
of  each  electrode  rapidly  to  come  to  the  temperatiu-e  of  the  bath.  Thin 
walled  tubing  about  12  mm.  in  diameter  was  employed  in  their  construc- 
tion. The  amalgam  and  mercury  were  introduced  by  means  of  a  5  mm. 
thiri-walled  glass  tube  about  30  cm.,  long  drawn  out  at  the  lower  end  to 
about  3  mm.  diameter.  This  tube  was  provided  with  a  flexible  rubber 
mouth  piece  and  was  also  used  for  the  introduction  of  the  paste.  The 
merciuy  amalgam  and  paste  were  each  from  10  to  15  mm.  in  depth.  A 
layer  of  cadmium  chloride  crystals  about  3  mm.  in  depth  was- placed  over 
the  calomel  and  the  amalgam.  The  cell  was  then  filled  to  the  top  of  the 
cross  tube  with  a  saturated  solution  of  cadmium  chloride,  and  the  glass 
parts  sealed  off  by  using  two  small  blast  flames.  The  cells  were  arranged 
in  supports,  with  lead  wires  so  that  they  could  readily  be  compared  when 
in  the  bath. 

Two  groups  of  cells  were  made  at  different  times,  using  calomel  and 
cadmium  chloride  from  two  different  preparations.  These  cells  were 
placed  in  a  thermostat  regulated  to  o.oi*.  The  measurements  were 
made  by  the  Poggendorf  compensation  method,  using  a  Broca  galvan- 
ometer as  zero  instrument  in  connection  with  a  Wolff  potentiometer. 
The  voltage  could  be  read  directly  to  o.ooooi  V  and  the  6th 
place  estimated.  Weston  standard  cells  were  employed  as  reference. 
A  number  of  these  cells  were  available,  some  of  them  being  12  years  old. 
The  compensation  current  was  obtained  from  an  accimiidator,  the  con- 
stancy of  which  was  checked  after  each  measurement.  The  voltages  of 
*  Phys.  Rev.,  aa,  33. 
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these  cells  were  determined  at  25  ^  over  a  period  of  several  months.  After 
this  value  had  been  established  they  were  placed  in  other  thermostats  at 
15^  and  30^  and  their  voltages  meastu-ed  in  order  to  determine  the  tem- 
peratitre  coefficient. 

Tabls  I. 

1915. 


No.  d 
celL 

r    Date  of 
ooastr. 

Dec  22. 

1914. 
25  •. 

Jan.  4 
25«. 

!-.«• 

Feb.  12. 
25». 

March  26. 
25  •. 

av'- 

I 

Dec.  23.. 

0.67080 

0.67080 

0.67080 

0.67081 

0.67079 

0.67080 

2 

Dec.  22 . . 

0.67080 

0.67080 

0.67080 

0.67080 

0.67081 

0.67081 

3 

Dec.  22 . . 

0.67080 

0.67080 

0.67080 

0.67080 

0.67079 

0.67080 

March  4. 

Match  9. 

March  15. 

May  1. 

June  10. 

July  12. 

4 

Mar.  4... 

0.67078 

0.67079 

0.67079 

0.67079 

0.67079 

0.67080 

5 

Mar.  4... 

0.67078 

0.67080 

0.67079 

0.67078 

0.67078 

0.67079 

6 

Mar.  4... 

0.67078 

0.67080 

0.67079 

0.67078 

0.67079 

0.67098 

"ir.>- 

jm«10. 

M.jdjl2. 

March  15. 

April  23. 
30». 

April  24. 
30*. 

April  26. 
30». 

I 

Dec.  22.. 

0.67079 

0.67080 

0.67156 

0.67157 

0.67022 

0.67044 

0.67023 

2 

Dec.  22.. 

0.67080 

0.67079 

0.67157 

0.67157 

0.67022 

0.67022 

0.67023 

3 

Dec.  22 . . 

0.67079 

0.67080 

0.67157 

0.67157 

0.67022 

0.67023 

0.67022 

Examination  of  Table  I  will  show  that  the  combination  is  reproducible 
to  the  fifth  decimal  place  and  it  rapidly  attained  a  constant  £.  M.  F. 
which  is  then  steadily  maintained,  and  no  gradual  decrease  in  £.  M.  P. 
has  been  noticed  in  any  of  these  cells*  as  is  frequently  the  case  with 
Weston  cells. 

Discussion  of  the  Results. 

Since  the  cell  under  consideration  is  capable  of  yielding  an  £.  M.  P. 
of  such  constancy  and  reproducibility,  it  is  obvious  that  it  may  be  em- 
ployed to  evaluate  the  various  thermodynamic  and  thermochemical  re- 
lations in  connection  with  the  reaction  occurring  in  the  cell.  We  may 
represent  this  reaction  by  the  equation: 

Hgi  +  CdClj  «  HgjCl,  +  Cd 
As  is  well  known,  the  heat  change  accompanying  a  given  reaction  may 
be  derived  from  measurements  of  the  E.  M.  F.  generated  in  a  cell  in  which 
such  reaction  occurs.    The  Gibbs-Helmholtz  equation  connecting  these 
factors  is: 

Q  =  0.2387  nP  [E  +  T  dB/dTt] 
where 

Q  is  the  heat  of  reaction  at  temperature  T^  abs. 
0.2387  volt  coulombs  =■  i  cal. 
E  is  the  observed  E-  M.  P.  at  temp.  T^. 
n  the  electrochemical  equivalent  involved  in  the  reaction. 
To  evaluate  this  equation  for  Q  it  is  necessary  first  to  obtain  the 
temperature  coefficient  of  the  reaction.    This  may  be  obtained  in  the 
following  manner:  The  electromotive  force  at  any  given  temperature 
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may  be  set  forth  as  a  function  of  the  temperature  of  the  E-  M.  F.  at 
any  given  temperature.    Thus  we  may  set 

Et-  Eu  +  a(T  — 25)  +fc(T  — 25)«+  .... 
K  the  temperature  range  be  such  that  higher  powers  of  T  than  T^  may 
be  neglected,  it  is  obvious  that  the  values  of  the  constants  a  and  b  in  the 
general  equation  may  be  obtained  from  measurements  of  the  E.  M.  F. 
at  three  temperatures.  The  measurements  at  15**,  25®  and  30®  were  em- 
ployed to  this  end  and  the  equation  developed  took  the  form: 

Et  =  0.67080  —  o.oooi02(T  —  25)  —  o.o525(T  —  25)' 
Tbis  equation  reproduces  the  values  at  15**  and  30**  C.  exactly,  and  from 
it  the  E.  M.  F.  at  any  temperature  within  this  range  may  be  obtained. 
Differentiation  of  this  equation  with  respect  to  temperature  gives  the  de- 
sired temperattu^  coefficient. 

Hmploying  this  equation,  the  E.  M.  F.  at  18°  C.  was  evaluated  and  gave 
Ei»  =  0.67159  V.  while  the  temperature  coefficient 

cTT/dE  =  — 0.000067. 
.Substitution  of  these  values  in  the  Gibbs-Helmholz  equation  gives  : 

Qig  =  46o92[o. 67159  —  291(0.000067)]  =  30060  cal. 
The  thermochemical  data  provide  an  interesting  check  upon  the  calcula- 
tion. 

The  heat  of  the  reaction 

Hga  +  CdCU  =  HgCl2  +  Cd 
numerically  is  equal  to  the  difference  between  the  heat  of  formation  of 
the  two  salts.    For  cadinium  chloride  the  -value  given  by  Thomsen  is 
93240  cal.    For  mercurous  chloride  the  most  recent  and  reliable  figure 
is,  according  to  Thomsen,  63674.      Hence  the  heat  of  reaction: 
93240  —  63674  =  29566  cal. 
Since,  however,  the  salt  in  equiUbrium  is  the  hydrated  form  of  cadmium 
chloride  the  heat  of  hydration  of  the  anhydrous  salt  must  be  taken  into 
consideration,  as  well  as  the  heat  change  accompanying  the  solution  of 
the  salt.    As  shown  by  Cohen^  the  total  heat  change  which  this  involves 
may  be  represented  by  the  general  equation : 

Lt  =  m/nt  —  w/H  —  w/m  —  w/l 
where 

m   B  gram  mols  per  mol. 
w    =  no.  of  mols  of  water  of  crystallization. 
H  =  heat  of  hydration. 
/     ^  heat  of  solution  of  the  anhydride. 
Li  =  heat  of  formation  of  the  hydrate. 
The  value  of  m  at  18°  may  be  obtained  from  the  solubility  data  of 
1 Z.  physik.  Chem.,  34,  62  and  612  (1900}. 
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Dietz  as  9. 15  g.  mols  water  per  molecule  of  anhydrous  salt.  The  values 
for  H  and  /  were  obtained  from  Thomsen's  data  as  5290  and  3010  cals., 
respectively.    Using  these  data  the  value  La  =  6150  was  obtained. 

Ftuther,  the  heat  change  accompanying  the  solution  of  Cd  in  cadmium 
amalgam  must  also  be  considered.  According  to  Cohen,  this  amounts 
to  — 5436  cal.  per  gram  equivalent  with  14.3%  amalgam  at  18°.  This 
value  was  obtained  from  a  study  of  the  element  Cd  |  CdS04 1  Cd  amalgam, 
which  gave  between  o  and  25°  the  voltage 

Et  =  0.0499  —  0.000233  (t  —  25). 
This  appUes  to  amalgams  containing  5  to  14%  Cd.    According  to  Hidett,^ 
who  had  made  a  careful  investigation  of  such  cells,  the 

E.  M.  F.  =  0.05175  —  (0.000244)  {t  —  20) 
which  would  give  a  value  =  5680  cals.    The  total  heat  change,  there- 
fore, accompanying  the  reaction  which  takes  place  in  the  cell  is: 
Q  =  29566  +  6150  —  5680  =  50036 

This  value  shows  an  extraordinary  agreement  with  that  obtained 
from  the  electromotive  force  data,  viz.,  30060,  an  agreement,  indeed, 
well  within  the  errors  of  measurement  in  thermochemical  data. 

It  is  obvious,  therefore,  that  the  element  imder  consideration  would 
form  a  very  interesting  basis  for  calculations  according  to  the  Nemst 
Heat  Theorem.  To  this  end  the  specific  heat  of  the  various  substances 
are  required.  At  the  present  time,  however,  the  values  for  cadmium 
chloride  appear  to  be  lacking  and  the  calculations  must  therefore  be  post- 
poned until  such  data  are  forthcoming.  We  are  .undertaking  work  with 
this  end  in  view. 

In  order  to  make  the  investigation  of  this  cell  more  complete,  unsatura- 
ted cells  of  the  combination  were  constructed  with  a  view  to  obtaining  a 
cell  of  much  smaller  or  zero  temperature  coefficient.  Three  groups  of* 
cells  were  constructed  using  different  concentrations  of  cadmium-chloride 
solutions  but  none  of  the  solid  CdCl2.2V«H20  was  used  for  the  paste  or 
in  the  cell.    The  data  obtained  are  collected  in  Table  II. 

Tablb  II. 

Concditratioxi 

of  CdCli  tol.  B.  M.  P.  B.  M.  P.  B.  M.  P. 

G.  per  100  g.  solution.  at  20«».  at  25«.  at  25». 

1  52  g.  m  icx>  g.  sol 0.67978        0.68120        0.68257 

2  81  20  57 

3  81  20  57 

4  50  g.  in  100  g.  sol 0.68134        0.68276        0.684x2 

5  33  78  II 

6  35  79  II 

7  48  g.  in  100  g.  sol 0.68221         0.68368        0.68498 

8  36  67  502 

1  Trans.  Am.  Ekarochem.  Soc.,  1905,  333« 
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The  temperature  coeflScients  of  these  groups  at  i8**  were  0.000265, 
0.000285,  and  0.000290.  From  these  results  it  is  obvious  that  the  tem- 
perature coefficient  of  the  electromotive  force  of  the  combination  changes 
very  Httle  with  the  concentration  of  the  solution,  although  the  voltages 
obtained  are  much  higher  than  in  the  case  of  the  saturated  element. 

Summary. 

The  possibility  of  employing  calomel  as  depolarizer  in  the  construc- 
tion of  precision  standard  cells  has  been  established.  Ordinary  calomel, 
when  suitably  modified  so  as  to  contain  finely  divided  mercury,  giving 
the  material  a  gray  color,  forms  a  depolarizer  for  cells,  gives  constant 
and  reproducible  electromotive  forces,  and  this  preparation  should  give 
better  results  in  calomel  electrodes. 

Saturated  and  unsaturated  cells  of  composition  Hg  |  HgCla  |  CdCU  |  Cd 
amalgam  have  been  constructed,  their  E.  M.  F.'s  measiu-ed  and  their 
temperature  coefficients  obtained. 

The  thermodynamics  of  the  satiurated  combination  has  been  inyesti- 
gated  and  satisfactory  agreement  between  the  heat  of  the  reaction  as 
calculated  from  the  electromotive  force  data  and  that  obtained  from 
thermo-calomel  measurements  has  been  estabHshed. 
Fbhicstom.  N.  J. 


SOME  SOURCES  OF  ERROR  IN  VISCOSITY  MEASUREMENT. 

By  BUOSNB  C.  BZMGBAM,  H.  I.  SCHUISIMGSR  AND  AXTHUR  B.  COUIXAN.^ 

Received  September  9.  1915. 

While  using  the  viscometer  recently  described  by  Bingham,^  it  was  ob- 
served that  the  viscosities  (17)  when  calculated  by  the  now  generally 
accepted  formula 

v--Ctp  —  C'p/t  (i) 

were  not  constant,  but  varied  considerably  when  the  applied  pressure  p 
was  varied.  In  the  above  formula  t  is  the  time  of  flow,  p  the  density, 
and  C  and  C  are  constants.  As  the  instrument  differed  in  what  were  at 
first  considered  minor  details  from  the  instrument  originally  successfully 
used  by  Bingham,  it  was  thought  that  by  its  use  some  errors  had  been 
made  apparent  which  might  have  been  masked  in  the  original  viscometers 
and  that  these  errors  might  be  of  such  a  nature  as  to  require  corrections 
for  all  viscosity  measurements  made  in  similar  t3rpes  of  apparatus.  The 
instrument  differed  from  the  original  one  in  that  the  capillaries  were 
rather  wide  so  as  to  make  possible  the  measurement  of  liquids  of  re- 
latively low  fluidities  and,  for  the  convenience  of  the  manufacturer,  was 

*  Part  of  the  work  reported  in  this  article  constitutes  the  basis  of  a  dissertation 
submitted  by  A.  B.  Coleman  to  the  faculty  of  the  University  of  Chicago  in  part  ful- 
fillment of  the  requirements  for  the  degree  of  Master  of  Science. 

*  /.  Ind.  Eng,  Chem,,  6,  233  (1914). 
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provided  with  rather  long  bulbs  for  containing  the  liquid  and  with  capil- 
laries having  ends  which  were  somewhat  trumpet-shaped.  The  length 
of  the  bulbs  led  us  to  examine  critically  the  customary  assumption^  that 
the  average  pressure  under  which  the  measurement  is  made  is  one-half 
of  the  sum  of  the  initial  and  the  final  pressures;  and  the  presence  of  the 
trumpet-shaped  openings  of  the  capillaries  seemed  to  demand  an  in- 
vestigation of  the  kinetic  energy  correction  which  is  derived  on  the 
assumption  that  the  capillaries  have  square  ends.^  Finally,  while  vertical 
capillaries  have  frequently  been  used  where  relative  viscosities  have  been 
determined  it  was  thought  best  to  make  some  measurements  to  confirm 
the  beUef  that  the  position  of  the  capillaries  is  of  no  importance. 

As  the  first  of  the  possible  sources  of  error  just  named  is  one  that  can 
readily  be  investigated  mathematically  and  which,  if  f otmd  to  be  of  im- 
portance, can  easily  be  eliminated,  it  will  be  discussed  first. 

While  it  is  ordinarily  assumed  that  the  average  pressure  to  be  sub- 
stituted in  the  viscosity  formtda  is  to  be  regarded  as  one-half  the  sum 
of  the  pressures  at  the  beginning  and  conclusion,  of  the  viscosity  measure- 
ment, a  moment's  reflection  will  make  it  dear  to  the  reader  that  this 
cannot  be  strictly  true.  Thus  suppose  the  external  manometer  pressure 
to  be  constant  and  equal  to  po  and  that  the  hydrostatic  head  at  the  be- 
ginning is  hp  and  at  the  end  — hp.  Accepting  the  customary  procedure, 
the  average  pressure  would  be  po  but,  as  we  shall  see,  it  must  strictly  be 
less  than  po.  It  is  evident  that  when  po^  hp  the  flow  cannot  complete 
itself  and  the  average  pressure  is  not  po  but  zero.  To  find  out  to  what 
extent  the  customary  method  of  estimating  the  average  pressure  may  be 
a  source  of  error  in  viscosity  measiu-ements,  a  viscometer  was  made  with 
a  horizontal  capillary  having  tmif  orm  bore  and  square  ends,  but  the  bulbs 
were  considerably  longer  than  those  used  in  the  ordinary  form  of  the 
apparatus.  The  wide  part  of  the  bulbs  had  an  estimated  length  of  about 
5.5  cm.  while  the  constricted  portions  added  a  further  3  cm.  to  the  distance 
between  the  marks  used  in  estimating  the  volume.  Measurements  were 
made  with  pressiu-es  differing  as  widely  as  possible.  The  values  given 
in  the  third  column  of  Table  I  show  that  the  product  Cpt  first  falls  slowly 
and  then  increases  rapidly  as  the  pressure  becomes  quite  small.  The  vis- 
cosity, as  calculated  by  means  of  Equation  i  and  given  in  Column  5,  is 

^  Cf.  Brillouin,  Lecons  sur  la  viscosilS,  p.  118,  et  seq.  Since  this  work  was  com- 
pleted, the  papers  of  Meissner  (Chem.  Rev.  FeU-  u.  Harz-Ind.,  1%  202  (1910))  and 
Simeon  {Phil.  Mag.,  27,  95  (19 14))  have  come  to  the  attention  of  the  authors,  in  which 
they  develope  an  approximate  expression  for  the  true  average  pressmv.  Njcither  has 
applied  the  correction  except  to  the  simplest  case  nor  tested  out  the  expression  ex- 
perimentally with  fluids  of  varying  viscosities  and  specific  gravities.  In  ordinary 
viscometry  it  is  important  to  obtain  a  method  for  maldng  a  suitable  oarrection  when 
the  bulbs  of  the  instrument  are  not  simple  cylinders  as  assumed  by  them. 

*  See  Applebey,  J.  Chem.  Soc.  (London),  103,  2169  (1913). 


Digitized  by  VjOOQIC 


SOtm  SOX7RCSS  OF  BRROR  IN  VISCOSITY  MBASUR8MBNT. 


29 


nearly  constant  while  the  pressure  is  large  but  increases  rapidly  as  the 
pressure  becomes  small.  It  is  apparent  therefore  that  the  difference 
between  the  assumed  average  pressure  and  the  true  average  pressure  may 
be  the  cause  of  the  discrepancy.  Our  next  step  will  therefore  be  to  dis- 
cover a  method  for  calculating  the  true  average  pressure  in  order  to  learn 
how  far  that  change  will  serve  to  correct  the  discrepancy. 
Tabls  I. — ^Watsr  at  25**  in  Viscobcstsr  Having  Single  Capillary  of  Uniporm 
Bore,  but  with  Bulbs  Afp&oxhcatsly  6.0  Cm.  Long. 
The  lack  of  constancy  in  the  fifth  column  shows  that  the  viscosity  as  ordinarily 
calculated  (Equation  i)  may  be  seriously  in  error  at  low  presstures,  but  this  danger 
may  be  avoided  by  making  the  proper  correction  (Equation  6),  as  shown  by  the  con- 
stancy in  the  sixth  column. 


Press,  g. 

Ave.! 

n  (Bq.  1). 

ii(Eq.6). 
hi  -i  6.0. 

per  sq.  cm. 

in  tec. 

cpt  X  10«. 

C'p/t. 

243.68 

48.5 

9167 

236 

0.00893 

0.00896 

201.62 

58.3 

9II7 

196 

0.00892 

0.00894 

130.22 

89.9 

9080 

128 

0.00895 

0.00897 

64.57 

180. 1 

9020 

64 

0.00896 

0.00896 

43.84 

265.4 

9024 

44 

0.00898 

0.00895 

26.34 

446.1 

.       9"4 

25 

0.00909 

0.00896 

18.97 

629.1 

9256 

19 

0.00924 

0.00895 
Av.,  0.008955 

K. 


To  Find  the  Average  Pressure  during  the  Time  of  Flow. — ^Let  two  ver- 
tical cylinders.  Fig.  i,  having  the  same  radius  fi  be  connected  by  means  of 
a  capillary  tube  of  length  /  and  radius  r .  A  liquid  ^ 
whose  density  is  pi,  not  corrected  to  in  vacuo,  stands  Jb 
originally  at  the  level  a  in  one  cylinder  and  at  cf  in 
the  other.  After  the  time  ^o  has  elapsed,  the  liquid 
level  falls  a  distance  hi  from  a  to  c  in  one  cylinder 
and  rises  correspondingly  in  the  other  from  d  to  f. 
In  deriving  the  well-known  viscosity  formula 

it  is  assumed  that  the  pressure  is  constant  during 
the  time  of  flow.    Obviously  this  is  not  the  case 


(2) 


Fig.  I. 


under  ordinary  conditions  of  measurement,  but  as  a  result  of  experiments 
by  Poiseuille,'  it  is  generally  assumed  that  a  pressure  po  may  be  employed 
in  the  formula  which  is  equal  to  the  pressure  of  a  column  of  liquid  from 
the  level  6,  midway  between  a  and  c,  to  the  corresponding  level  e.  If 
this  height  is  ho  the  applied  pressure  would  be  /topi. 

But  it  may  be  noted  in  passing  that  this  assumed  constant  applied 
pressure  may  quite  as  well  be  appUed  either  wholly  or  in  part  outside  of 
the  viscometer.    It  is  almost  whoUy  external  in  the  viscometers  of  Briick- 

^  Mem.  prSsetU.  par  divers  savants  d  Vacademie  Roy,  des  Scienc  de  I'Inst.  de  France^ 
9,  433  (1846);  cf.  BriUotdn,  Loc,  eii. 
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ner,  Thorpe  and  Rodger,  tJbbelohde  and  others.  It  is  entirely  internal 
in  the  viscometers  of  Ostwald,  Engler,  and  others.  In  any  case  the  as- 
sumed constant  applied  pressm'e  is 

Po    =  AoPl  +  feo'jpo  -Po'f  I   +  ^)+  *^'|  (3) 

I  V        2066/       1033  ; 

where  ho'  is  the  head  of  liquid  of  density  p©  outside  of  the  viscometer, 
and  ho  "  is  the  head  of  air  under  pressure  between  the  mean  level  of  the 
liquid  in  the  viscometer  and  the  mean  level  of  liquid  in  the  manometer,^  it 
being  positive  in  value  when  the  viscometer  is  below  the  middle  of  the 
manometer  and  negative  when  it  is  above,  while  po '  is  the  density  of  the 
air  outside  of  the  viscometer  and  the  normal  atmospheric  pressure  is 
taken  as  1033  g.  per  sq.  cm. 

We  observed  in  Table  I  that  the  discrepancy  which  we  are  investigating 
occurs  only  when  the  applied  pressure  is  small.  Under  these  circum- 
stances, the  loss  of  pressure  due  to  the  kinetic  energy  is  small,  and  since 
the  correction  which  we  desire  to  obtain  is  but  a  small  part  of  the  total 
pressure,  the  kinetic  energy  correction  may  be  disregarded  altogether  in 
obtaining  this  correction.  If  we  let  x  represent  the  distance  which  the 
liquid  level  has  fallen  after  any  time  t,  the  pressure  at  that  moment  will 
be  ^o  +  hipi  —  2  X  piJ^    Equation  2  may  be  written 

k 

TTTi^dx  =  —(po  +  hiPi  —  2X  pi)dt,  (4) 


V 
where 


SI 


2fepi  po  hiPi 2Xpi 

The  time  required  for  a  complete  transpiration  T  is 

T  =  '^^^  in  ^o  +  ^iPi  /-\ 

2fepi       po  —  hipi 
where  In  is  the  natural  logarithm. 

To  get  the  average  pressure  P,  we  must  get  the  mean  of  the  pressures 
during  all  of  the  equal  intervals  of  time  during  which  the  pressiu'e  may 
be  considered  as  constant.    This  value  is 

_  S ^{po  +  hipi  —  2X  pi)dt 


2hipi  2  hipi  . . 


po  —  hipi  po  —  hipi 

*  Bingham,  Loc.  cU.,  p.  243. 

*  po  is  the  apparent  applied  pressure  as  defined  in  the  preceding  paragraph. 
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Substituting  the  value  of  T  we  obtain  the  viscosity  formula  of  Equation  2, 

^  =  —  (7) 

which  proves  that  the  average  pressure  may  be  substituted  into  the  vis- 
cosity formula.  As  po  approaches  hipi,  the  value  of  P  approaches  zero 
while  the  value  of  T  approaches  infinity.  Thus  is  explained  the  peculiar 
increase  in  the  viscosity  as  the  applied  pressure  is  lowered,  as  already 
observed  in  Table  I.  If,  on  the  other  hand,  po  is  large  in  comparison 
with  hipu  the  average  pressure  P  tends  to  approach  identity  with  po.  In 
practice,  the  difference  becomes  less  than 
0-05%,  i.  e.,  negUgible  for  ordinary  measure- 
ments, as  soon  as  po  is  thirty  times  as  great  ^  i^^ 
as  hipi. 

Where  the  two  limbs  of  the  viscometer 
are  no  longer  cylinders,  the  case  is  not  so 
simple.  But  if  we  conceive  of  the  instru- 
ment as  made  up  of  a  series  of  cylinders  of 
var3ring  radii  as  shown  in  Fig.  2,  we  can  get 
a  value  for  the  average  pressure.  Let  ab 
and  efh^  two  narrow  cylinders  whose  height 
is  hi  and  whose  radius  is  r  1,  let  be  and  fg  be 
two  wide. cylinders  whose  height  is  fe  and 
whose  radius  is  fs,  and  let  cd  and  gl  be  two 

narrow  cyUnders  of  height  h^  and  radius  rz.  [^^ 

Let  the  dilBference  in  level  between  the  cen- 
ters of  the  wide  cylinders  be  A©.     For  the  *^'  ^' 
sake  of  brevity,  we  assume  that  the  flow  is  caused  by  the  head  of  liquid 
within  the  instrument  solely,  and  as  shown  in  the  figure,  i.  e.,  po  =  hoPi- 
During  the  flow  through  each  cylinder  the  average  pressiures  and  the  times 
of  flow  are: 


K. 


^Lb 


1 


3 


P. 

_            2hipi 

•»  1 

^ho  +  2hi  +  hi 

p. 

ho+ht 

2feiPi 

P. 

zhipi 

*  » 

In      ^"-^ 

Ti  = 


r,  = 


tyirfi^       ho  +  2hi  +  hi 


2kpi 


hi 


ho+ht 


rpri^^^h^j+J^ 
2i/)i        ho  —  hi 


riTTz*  *  ho  —  ht 


2kpi       ho  —  hi  —  2hi 


ho  —  hi  —  2h$ 
Since  by  Equation  7 


Digitized  by 


Google 


32  8.   C.   BINGHAM.  H.   I.   SCHI<SSING8R  AND  A.  B.   COI^HAN. 


we  have 


k{Ti  +  T,  +  Tt) 
2Pi(fi%i  +  rt*ht  +  rt*k,) 


(8) 


rx«ln^  +  "^'  +  ^  +  r,'ln^°  +  ^  +  f,' In       ^""^ 

Ao  +  Ai  /to  —  hi  ho  —  ht  —  2hs 

The  average  pressure  becomes  zero  when  ht  +  ihz  becomes  equal 
to  /to,  and  Equation  8  approaches  identity  with  Equation  6  as  the  values 
of  hi  and  /ts  or  n  and  u  becomes  very  small.  Since  Equation  8  contains 
the  product  of  h  times  the  square  of  r ,  the  effect  of  the  narrow  cylinders 
will  be  especially  small  if  both  their  heights  and  their  radii  are  made  as 
small  as  possible.  Our  theoretical  investigation  proves  therefore  that  the 
bulbs  of  the  viscometer  shotdd  be  as  idiort  as  convenient  but  with  a 
large  radius.  The  constricted  portions  shotdd  be  both  narrow  and  short. 
These  objects  may  be  best  achieved  without  sacrificing  good  drainage 
by  having  each  bulb  shaped  like  two  filtering  funnels  placed  with  their 
wide  ends  together. 

Finally,  since  the  pressure  /tipi  has  no  effect  upon  the  calculated  value 
of  the  viscosity  unless  its  value  amotmts  to  one-thirtieth  of  po,  it  follows 
that  the  height  hi  does  not  need  to  be  known  with  precision.  For  prac- 
tical purposes  it  seems  unnecessary  to  use  Equation  8  and  the  value  to  be 
used  for  hi  in  Equation  6  may  be  found  by  trial  in  the  calibration  of  the 
instrument.  Of  course  it  is  still  more  desirable  to  so  construct  the 
viscometer  that  P  may  be  taken  as  equal  to  po . 

Since,  as  will  appear,  a  modified  Ostwald  viscometer  has  been  em- 
ployed for  a  part  of  this  investigation,  a  word  may  be  added  as  to  how 
the  correction  just  discussed  affects  that  instrument,  in  which  the  effective 
pressure  is  small.  Let  171  be  the  viscosity  of  the  substance  taken  as  the 
standard  for  the  calibration  of  the  instnunent.    Then  from  Equation  i, 

Vi  =  Cpih  —  C'pi/ti, 

In  getting  the  true  average  pressure,  pi,  we  use  Equation  6  and  we 
find  that  po,  cp.  Equation  3,  becomes  simply  hoPi,  so  that  the  average 
pressure  is 

Pi  = — _  =  Kpi 

2-303  i^„    hoPi  +  hifii 

ho  pi  —  hipi 
where  K  is  sl  constant.    Similarly,  for  any  liquid  whose  viscosity,  17,  is 
unknown,  the  average  pressure  p  wotdd  be  Kp,  if  p  is  its  density.    Hence 
the  viscosity  of  any  substance  may  be  written 

__    CtKp  —  c'p/i 
ChKpi-c'pi/ii 
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If  the  terms  C'p/t  and  C'pilh  are  equal  to  zero,  or  if  by  accident  their  ratio 

is  equal  to  the  ratio  of  the  other  two  terms,  the  equation  becomes  simply 

the  Ostwald  formula 

pt 
17  =  — 171. 

P\h 

Any  failure  of  the  Ostwald  formula  is  therefore  due  to  not  taking  into 
account  the  loss  in  kinetic  energy  and  not  to  any  failure  to  recognize  the 
true  value  of  the  average  pressure. 

In  order  to  test  our  data,  given  in  Table  I,  we  have  calculated  the  average 
pressures  according  to  Equation  6  taking  k\  as  equal  to  6.0  cm.  The 
values  of  the  viscosity  are  given  in  the  sixth  column  of  the  table.  The 
divergences  from  the  mean  are  less  than  the  experimental  error. 

While  the  above  test  appears  to  be  conclusive,  it  was  noted  that  pi 
has  but  one  value  in  Table  I,  therefore  it  seemed  worth  while  to  test 
liquids  having  various  specific  gravities,  using  the  viscometer  mentioned 
at  the  beginning  of  this  paper  as  giving  abnormal  values.  Since  the  two 
capillaries  were  rather  large  and  the  btdbs  were  very  long,  the  instrument 
was  well-suited  for  the  ptupose,  except  for  the  fact  that  the  ends  of  the 
capillaries  were  somewhat  trumpet-shaped.  In  this  instrument  the  time 
of  flow  from  left  to  right  was  the  same  as  the  flow  from  right  to  left  within 
the  experimental  error,  so  that  no  calculation  of  the  average  resultant 
head  was  necessary.  The  equations  were  tested  by  measurements  on  the 
time  of  flow  of  water,  10  and  20%  sugar  solutions  at  25^  and  of  water, 
10%  sugar  solution  and  formic  add  at  18^.  A  temperature  constancy  of 
0.007^  was  obtained  by  placing  the  instrument  in  an  electrically  regulated 
thermostat. 

Tablb  II.— Watbr  at  18". 
Using  water  and  other  liquids  with  varying  known  viscosities  and  specific  gravities, 
it  is  shown  in  this  table  and  those  following  that  reliable  values  of  the  viscosity  can  be 
calculated  by  means  of  Equations  i  and  6,  since  the  values  of  Ca  do  not  vary  more 
than  the  known  experimental  error. 


f\  «=  0.01059 

p  =  0.9986. 

' 

1. 

2. 

3. 

4. 

5. 

6. 

g.  per  tq.  cm. 

Tx  MC. 

Tt  sec. 

Cb  X  10«. 

Cs  X  10«. 

Ca  X  io«. 

30.54 

282.1 

282.4 

1.234 

1.295 

1.279 

34-45 

248.3 

248.6 

1.244 

1.292 

1.279 

38.50 

221. 1 

221.4 

1.250 

1.288 

1.277 

44.29 

191. 5 

191. 5 

1.257 

1.285 

1.278 

48.34 

175.3 

175.1 

1.260 

1.283 

1.277 

54.18 

156.3 

156.4 

1.262 

1.280 

1.276 

58.30 

144.9 

144.9 

1.266 

1.283 

1.277 

64.14 

131.5 

131.5 

1.269 

1.283 

1.278 

Av.,  1.277 
^  —  1 1.2  cm.,  }i\  =  9.78  cm. 

The  data  for  water  at  18®  are  given  in  Table  II.    For  calculating  the 
value  of  the  constant  C,  Equations  6  and  i,  the  viscosity  was  determined 
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by  means  of  a  quartz  viscometer  of  the  type  described  by  Washburn  and 
Williams,^  and  was  found  to  be  0.010585  based  on  the  value  of  0.008956 
for  the  viscosity  of  water  at  25  ®.  This  value  is  in  good  relative  agreement 
with  the  results  of  Thorpe  and  Rodger.  For  C,  we  used  the  value  0.01408, 
obtained  as  described  by  Bingham'  from  rough  measurements  of  the  ap- 
paratus. The  fully  corrected  pressures  are  given  in  the  first  column  of 
the  table  and  the  corresponding  times  of  flow  from  right  to  left  in  the 
second  column,  the  times  in  the  reverse  direction  in  Col.  3,  the  values  of 
C^  according  to  Equation  i  using  the  pressure  po  instead  of  the  true 
average  pressure  in  the  fotuth  column.  The  times  in  each  case  are  the 
averages  of  from  five  to  ten  readings.  The  values  of  Cb  are  not  constant, 
but  rise  continuously  from  the  value  1.234  X  io~'  to  1.269  X  lo""',  a 
change  of  almost  3%  as  the  pressure  rises.  Consequently  we  proceed  at 
once  to  the  calculation  of  the  constant,  using  in  the  formtda  the  true 
average  pressure  as  obtained  by  means  of  Equation  6.  By  meastu-ement 
the  length  of  each  bulb  was  found  to  be  11.2  cm.  but  as  already  pointed 
out,  this  may  not  be  the  correct  value  to  use.  As  a  matter  of  fact,  the 
values  in  Col.  5,  labeled  C5,  are  calculated  using  this  value  for  hu  and 
they  fall  from  1.295  X  io~*  to  1.283  X  io~*  as  the  pressure  rises.  This 
shows  that  11.2  cm.  is  too  large,  as  the  change  in  the  value  of  the  con- 
stants is  in  the  opposite  direction  from  what  it  was  before  the  correction 
of  the  pressure  was  taken  into  consideration.  In  the  last  column  of  the 
table  are  found  the  values  of  the  constant  calculated  with  9.78  cm.  as  the 
value  of  hi.  The  values  do  not  vary  by  more  than  about  0.2%,  which  is 
within  the  range  of  the  experimental  error.  The  permissibiUty  of  using  an 
arbitrary  value  for  hi  will  become  clear  when  it  is  shown  that  in  all  of  the 
cases  investigated,  far  better  agreement  is  obtained  with  the  arbitrary 
value  than  with  the  measured  value. 

In  Tables  III,  IV,  V,  VI,  and  VII  are  given  the  data  for  water  at  25*^, 
for  10%  sugar  solution  at  18°  and  25**  for  20%  sugar  solution  at  25® 
and  for  formic  acid  at  18®.  In  each  table  the  first  column  records  the 
corrected  pressure  po^  the  second  column  the  average  time  of  a  large 
number  of  readings  in  both  directions,  the  third  column  the  values  of  Cb 
calculated  without  the  use  of  Equation  6  for  obtaining  the  true  average 
pressture,  the  fourth  column  the  values  of  Cs  calculated  with  the  use  of 
Equation  6  taking  11.2  cm.  for  hi  and  the  last  column  the  values  of  Cx 
taking  hi  =  9.78  cm.  The  values  for  the  viscosity  and  the  density  used 
in  the  calculations  are  given  at  the  head  of  each  table.  In  each  case,  the 
viscosity  was  determined  by  the  Washburn  instrument  and  the  density 
by  means  of  a  density  flask. 

1  Tms  JouRNAi,,  35>  739  (1913). 

*  Loc,  cU. 

*  For  oonTenienoe  we  have  called  this  Cb* 
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Table  III.— Water  at  25  •. 


If  »  0.008956. 

p  -  0.9971. 

King. 

Cb  X  10«. 

Cs  X  10». 

Caxio* 

r  sq.  cm. 

Ave,  Tin  tec. 

1 

M- 11.2011.        M 

-  9.78  en 

34.71 

208.6 

1.248 

1.291 

1.280 

44.55 

l6z.2 

1.259 

1.287 

1.279 

48.50 

147.8 

1.262 

1.284 

1.279 

54.47 

131.5 

1.265 

1.282 

Av., 

1.280 
1.279 

10%  Sugar  Solution  at 

i8». 

If  =  0.01432. 

/»  -  1 

,0408. 

34.62 

335.3 

1.237 

1.286 

1.275 

38.53 

299.3 

1.246 

1.286 

1.276 

46.40 

247.4 

1.252 

1.279 

1.-274 

54.33 

210.4 

1.259 

1.278 

1.275 

58-25 

196. 1 

1.260 

1.276 

1.275 

64.19 

177.5 

1.264 

1.278 

1.275 

70.25 

162.4 

1.264 

1.275 

Av., 

1.274 
1.275 

Table  V.— 10%  Sugar  Solution  at  25*. 

11  -  0.01198. 

p  =  1 

■0377. 

26.77 

369.3 

1. 216 

1.302 

1.279 

30.70 

318.6 

1.229 

1.289 

1.280 

34.61 

280.7 

1.238 

1.287 

1.276 

38.57 

250.7 

1.246 

1.284 

1.276 

44.41 

216.6 

1. 255 

1.281 

1.276 

54.31 

176.5 

1.258 

1.285 

1.275 

64.20 

149.0 

1.255 

1.276 

Av.. 

1.276 
1.277 

Table  VI.—; 

20%  Sugar  Solution  at  : 

25  •. 

If  -  0.01731. 

p  ■ 

1.080. 

44.66 

310.4 

1.252 

1.285 

1.276 

54.57 

252. 5 

1.260 

1.282 

1.275 

64.45 

213.3 

1.264 

1.280 

1.277 

74.52 

184.0 

1.268 

1.280 

1.275 

84.40 

162.4 

1.270 

1.279 

1.276 

92.32 

148.2 

1.272 

1.280 

Av.. 

1.277 
•  1.276 

Table  VII 

.—Formic  Acid 

AT  18  •. 

fi  «  0.01868. 

P  -  1 

.2224. 

38.49 

395. 0 

1.231 

1.287 

1.274 

42.47 

357.0 

1.235 

1.281 

1.271 

50.34 

299.2 

1.244 

1.276 

1.269 

54.21 

276.7 

1.249 

1.276 

1.271 

64.18 

232.9 

1.255 

1.272 

1.270 

74.15 

201.0 

1.265 

1.280 

1.271 

78.14 

190.6 

1.260 

1.273 

1.271 

84.12 

176.7 

1.264 

1.273 

1.273 

Av.,  1.272 
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The  sugar  solutions  were  made  up  to  about  the  desired  concentration 
from  a  Kahlbaum  preparation.  They  were  boiled  to  prevent  the  forma- 
tion of  moulds  and  were  filtered  until  no  particles  were  visible  by  trans- 
mitted light.  Thus  they  probably  are  not  exactly  lo  or  20%  solutions, 
nor  are  we  absolutely  certain  of  the  purity  of  the  sugar,  but  since  all 
necessary  data  were  determined  with  the  solutions  as  used,  the  exact 
concentration  is  not  essential.  The  formic  add  was  prepared  by  the 
method  of  Schlesinger  and  Martin^  and  was  of  good  quality  as  shown  by 
its  low  conductivity.  The  relative  viscosity  of  the  add  agrees  exactly 
with  that  found  by  Thorpe  and  Rodger. 

It  will  be  seen  that  in  no  case  are  the  values  of  Cb  constant  when  calcu- 
lated in  the  accustomed  manner.  On  the  other  hand,  the  values  of  Cx 
obtained  for  water  at  18^  and  25^  and  for  the  sugar  solutions,  calculating 
the  true  average  pressure,  agree  with  one  another  to  within  0.2%.  The 
value  obtained  for  formic  add  at  18**  is  a  little  low — ^it  differs  from  the 
average  of  the  others  by  about  0.4%.  The  above  data  show  condusively 
that  the  so-called  ''applied  pressure"  cannot  be  safdy  used  for  the  true 
"average  pressure"  when  the  change  of  levd  of  the  Uquid  within  the  in- 
strument is  fairly  large  compared  with  the  applied  presstu'e.  How  great 
an  error  the  use  of  the  latter  in  these  calculations  might  have  introduced 
is  shown  by  the  fact  that  had  we  standardized  our  instrument  with  water 
at  25®  at  a  pressure  of  54.47  g.  per  sq.  cm.  without  regard  for  the  correc- 
tion expressed  in  Equation  6,  the  viscosity  of  the  10%  sugar  solution  at 
18®,  calculated  in  the  same  way  would  have  appeared  to  be  0.01467  in- 
stead of  the  correct  value  0.01432.  This  involves  an  error  of  2.4%  in  the 
viscosity,  whereas  by  the  use  of  the  true  average  pressure  in  both  cases  the 
viscosity  of  the  sugar  solution  is  reproduced  to  within  less  than  0.25%, 
which  is  about  the  range  of  the  experimental  error. 

Finally  a  short  discussion  of  the  slightly  discordant  value  obtained  for 
Cji  when  this  is  calculated  from  the  data  obtained  with  formic  add  is 
necessary.  The  value  obtained  for  this  constant  from  the  data  for  the 
add  is  1.272  while  the  average  for  the  other  Uquids  used  is  1.2768.  This 
divergency  of  about  0.37%,  while  small  when  compared  with  the  error 
introduced  by  the  use  of  the  appUed  pressure  instead  of  the  true  average 
pressure,  is  neverthdess  larger  than  the  experimental  error  should  be. 
A  number  of  possible  explanations  can  be  suggested  to  explain  the  diver- 
gency and  in  the  following  the  most  likely  are  discussed  and  tested: 

1.  The  second  term  in  Equation  2  was  neglected  in  the  derivation 
of  the  value  of  the  true  average  pressure,  but  on  account  of  the  small 
rdative  value  of  this  term  this  course  seems  justified. 

2.  The  capillaries  in  our  instrument  had  trumpet-shaped  openings  and 
therefore  the  kinetic  energy  correction  whidi  we  emiployed  in  the  oalcula- 
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tions  may  not  have  been  correct.  There  are  two  reasons  however  for 
believmg  that  the  deviation  in  question  is  not  due  to  an  error  of  this  sort. 
In  the  first  place  an  error  in  the  formula  for  the  kinetic  energy  correction 
should  have  affected  the  constancy  of  C^  in  the  case  of  each  of  the  liquids 
as  the  pressure  is  varied.  But  the  tables  show  that  no  such  variation 
can  be  observed  even  in  the  data  for  formic  acid.  In  the  second  place, 
as  will  appear  below,  the  correction  when  the  openings  of  the  capillary 
are  trumpet-shaped  seems  to  be  smaller  than  the  one  we  used.  As  the 
total  correction  amounts  in  maximum  to  only  about  0.5%  of  the  viscosity 
it  seems  quite  impossible  that  this  can  be  the  source  of  the  error  in  ques- 
tion. 

3.  The  two  capillaries  of  the  instrument  are  vertically  placed.  Table 
IX  shows  that  this  is  of  no  importance. 

4.  The  most  likely  explanation  of  the  difficulty  is  that  the  value  which 
we  used  for  the  viscosity  of  the  add  is  incorrect  (relatively).  The  relative 
viscosity  of  the  acid  was  determined  by  means  of  a  Washburn  instrument 
and  was  calculated  without  the  use  of  any  kinetic  energy  correction. 
Based  on  the  value  0.008956  for  the  viscosity  of  water  at  25®,  that  of  the 
acid  at  18^  was  calculated  to  be  0.01868.  This  value  is  identical  with 
that  obtained  by  Thorpe  and  Rodger  as  the  result  of  their  most  pains- 
taking work.  But  the  value  which  these  investigators  find  for  water  is 
not  the  same  as  the  one  we  use.  They  did  not  actually  measure  water  at 
25^  but  a  value  can  be  interpolated  for  this  temperature  either  by  use  of 
their  curve  or  their  interpolation  formula.  The  average  of  the  two  values 
thus  obtained  is  0.00892.  The  relative  viscosity  of  the  add  is  therefore 
2.094.  Based  on  the  value  0.008956  for  water  at  25®,  which  we  have  used 
as  a  standard,  and  assuming  that  the  rdative  viscosity  of  Thorpe  and 
Rodger  is  correct,  the  viscosity  of  the  add  at  18°  would  become  0.01875. 
Had  we  used  this  value  for  the  calculations  of  C^,  we  would  have  ob- 
tained the  value  1.276,  which  is  in  perfect  agreement  with  the  values  ob- 
tained from  the  other  Uquids.  While  this  calculation  seems  definitdy 
to  dear  up  the  source  of  the  error,  we  have  neverthdess  thought  it  best  to 
investigate  further  the  second  and  third  points  mentioned  above  because 
of  the  striking  agreement  of  the  rdative  value  which  we  obtained  with 
the  absolute  value  of  the  viscosity  of  the  add  as  found  by  Thorpe 
and  Rodger. 

We  may  add  a  few  remarks  in  regard  to  the  older  determinations  of 
viscosity,  to  which  the  main  corrections  here  discussed  might  apply. 
Concerning  the  most  important  work  of  Thorpe  and  Rodger,  it  is  im- 
possible to  state  whether  the  length  of  the  btdbs  in  their  instrument  was 
small  enough  to  render  the  correction  for  the  average  pressure  negligible, 
but  since  they  used  rather  large  pressures,  and  since,  according  to  the 
diagram  of  their  instrument  the  distance  between  the  marks  seems  fairly 
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small,  it  is  very  likely  that  their  results  are  correct.  Furthermore  they 
used  very  nearly  the  same  pressure  for  almost  all  of  their  measurements 
and  the  relative  values  would  therefore  in  most  cases  be  correct.  Only 
for  the  very  fluid  substances  is  there  reason  to  have  doubts,  because  there 
lower  pressures  were  employed.  The  results  of  Hosking  for  sugar  solu- 
tions may  not  be  so  reliable,  although  we  cannot  reach  a  definite  con- 
clusion as  his  paper  also  fails  to  give  the  necessary  data.  Nevertheless 
Hosking's  results  on  sugar  solutions  do  not  in  the  least  agree  with  ours. 
We  realize,  to  be  sure,  that  we  did  not  take  special  precautions  either 
concerning  the  purity  of  the  sugar  or  in  regard  to  obtaining  definitely 
known  concentrations,  but  Hosking's  data  differ  from  ours  more  than 
should  be  caused  by  the  points  mentioned.  Mr.  C.  Coleman,  who  made 
some  measurements  on  sugar  solutions  of  exactiy  correct  concentrations, 
made  up  from  an  entirely  different  sample  of  sugar,  obtained  data  in 
agreement  with  ours.  It  seems  advisable  to  make  a  more  detailed  study 
of  the  older  viscosity  data  than  can  be  attempted  here. 

As  has  been  pointed  out  above,  one  of  the  possible  sources  of  error  in  the 
data  with  the  viscometer  used  for  the  measurements  on  various  liquids 
might  have  been  due  to  the  fact  that  the  capillaries  had  trumpet-shaped 
ends  and  that  therefore  the  kinetic  energy  correction  may  not  have  been 

correctiy  represented  by  the  term  — —.  This  question  was  experi- 
mentally investigated  by  making  a  viscometer  in  sections  so  that  different 
capillaries  in  different  positions  could  be  used.  The  different  sections 
were  joined  by  means  of  short  rubber  tubing  and,  when  necessary,  by 
glass  tubing  also.  The  bulbs  were  short  to  eliminate  the  pressure  correc- 
tion above  discussed,  being  about  1.5  cm.  in  length  and  having  a  capacity 
of  approximately  3.95  cc.  In  order  to  secure  good  drainage,  each  bulb 
was  made  to  approximate  the  shape  of  two  cones  placed  base  to  base. 
The  capillary  used  to  investigate  the  question  of  the  influence  of  trumpet- 
shaped  ends  was  made  by  blowing  a  series  of  bulbs  in  an  ordinary  capillary 
tube.  In  this  way  the  flow  is  interrupted  and  any  loss  of  kinetic  energy 
greatiy  increased  over  what  it  is  in  the  ordinary  form  of  the  viscometer. 
The  results  of  measurements  with  this  capillary  are  shown  in  Table  VIII. 

Tabls  VIII— TttB  Effbct  of  Trumfst-Shapsd  Ends  upon  ths  KIinbtic  Enbrgy 

COKRBCTION.     WaTSR  AT  25®. 

The  lack  of  constancy  in  the  values  in  the  nxth  column  proves  that  a  kinetic 
energy  correction  is  necessary. 


PrcM.  coir. 

Time. 

cpt  X  io«. 

C'p/t  X  10«. 

n  (Eq.  1). 

f(Eq.9). 

25.14 

660.7 

9389 

319 

0.009070 

0.008963 

33.22 

499.4 

9378 

423 

0.008955 

0.008952 

54.78 

303.4 

9395- 

697 

0.008698 

0.008968 

69.37 

240.9 

9446 

876 

0.008570 

0.009017 

130.54 

132.9 

9807 

1592 

0.008215 

0.009361 
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The  first  column  contains  the  pressures  in  grams  per  square  centimeter 
after  making  the  necessary  corrections.  The  second  column  gives  the 
times  of  flow  in  seconds.  In  the  third  and  fotulh  columns  are  given  the 
values  of  the  different  terms  in  the  equation 

n^Cpt-C'p/U  (ly 

Were  the  kinetic  energy  correction  zero  when  the  ends  of  the  capillary 
are  trumpet-shaped,  this  equation  would  become  simply 

V  =  Cpt.  (9) 

We  have  made  many  measurements  similar  to  those  given  above  with 
other  interrupted  capillaries.  In  every  case,  the  viscosity  calculated 
by  means  of  Equation  9^  (Col.  6)  seems  to  drop  sUghtly  at  first  and  then 
rise  quickly  as  the  pressure  increases.  We  have  here  used  small  pressures 
only,  making  the  conditions  advantageous  for  the  use  of  Equation  9. 
In  spite  of  this  fact,  these  experiments  prove  that  the  kinetic  energy 
correction  is  not  negligible  except  over  a  small  fraction  of  the  range  of 
pressiu-es  here  employed.  It  is  especially  to  be  noted  however  that  the 
viscosity  as  calculated  by  means  of  Equation  i  (Col.  5)  is  also  not  constant, 
as  it  shoidd  be  if  Equation  i  holds.  We  have  not  yet  definitely  de- 
termined the  cause  of  this  discrepancy.  It  might  have  resulted  from  the 
imequal  diameters  of  the  capillaries,  or  from  having  the  bulbs  too  small  to 
produce  the  theoretical  dissipation  of  the  kinetic  energy.  Or  there  re- 
mains the  possibility  that  with  the  trumpet-shaped  openings,  the  kinetic 
energy  correction  never  attains  its  full  value. 

It  will  be  seen,  therefore,  that  our  data  on  this  point  are  as  yet  not 
complete.  They  indicate,  however,  that  the  kinetic  energy  correction  is 
not  entirely  negligible  when  capillaries  with  trumpet-shaped  ends  are 
used,  as  has  been  suggested  by  Applebey,'  but  that  it  may  be  smaller  than 
when  square  ends  are  employed.  In  judging  the  deviations  from  the 
formulae,  it  must  be  bom  in  mind  that  the  experiments  on  this  point  were 
made  in  an  apparatus  which  enormously  exaggerated  the  value  of  the 
kinetic  energy  correction.  It  varies  from  3.3  to  16.3%  of  the  value  of  the 
term  Cpt  in  Equation  i,  while  in  most  of  the  other  experiments  described 
herein  and  in  viscometers  as  actually  employed  for  viscosity  determina- 
tions the  correction  seldom  reaches  0.5%  of  the  term  Cpt,  Consequently, 
even  if  the  kinetic  energy  correction  used  in  the  first  experiments  on  water, 
sugar,  and  formic  acid  had  been  too  large,  this  error  could  have  had  but  a 
smaU  influence  on  the  values  of  constants  obtained.  This  conclusion, 
as  has  been  stated,  is  borne  out  by  the  fact  that  for  each  Uquid  the  con- 
stant was  the  same  over  a  large  range  of  pressures. 

*  /.  Ind.  Eng.  Chem.,  6,  242  (1914). 

•  The  constant  in  Equation  9  is  of  course  not  identical  in  value  with  the  constant 
C  in  Equation  i,  but  is  calculated  independently. 

^Loc.cU. 
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Finally  the  effect  of  the  position  of  the  capillary  was  investigated. 
The  instrument  used  for  the  experiments  just  described  -was  employed. 
But  in  place  of  the  capillary  with  the  series  of  bulbs,  we  used  one  of  uni- 
form bore  and  square  ends.  Its-  length  was  approximately  12.75  cm. 
By  means  of  the  rubber  tubing  it  could  be  placed  either  in  a  horizontal 
or  in  a  vertical  position  at  will.  The  data  of  Table  IX  are  in  each  case 
the  averages  of  several  determinations  with  flow  in  alternate  directions 
through  the  instrmnent.  They  show  that  it  is  immaterial  whether  the 
capillary  is  horizontal  or  inclined.  They  show  further  that  where  a 
properly  consthicted  instrument  is  employed,  the  constants  of  the  ap- 
paratus do  not  vary  with  the  pressxure  and  that  Equation  i  can  be  satis- 
factorily used. 

Tabijs  X. — Constant  of  Viscomktbr,  wrrn  Capili*ary  Having  Squarb  Ends. 


tess.  corr. 

Time. 

C  X  low. 

Temp. 

Position  of  capiU. 

251.34 

91.4 

401 1 

25*^ 

Horizontal 

139.47 

161. 0 

4025 

25*^ 

Horizontal 

87.66 

255.2 

4025 

25*^ 

Horizontal 

65.99 

399.0 

4030 

25^ 

Horizontal 

39.64 

564.7 

4015 

25^ 

Horizontal 

96.11 

234.0 

4018 

25*^ 

Vertical 

75.10 

185.8 

4022 

50^ 

Vertical 

We  reserve  for  a  later  paper  a  discussion  of  the  correction  for  capillarity 
in  diflFerent  types  of  viscometers. 

Conclusions. 

1.  The  average  pressure  to  be  used  in  the  calculation  of  a  viscosity 
meastu'ement  is  not  strictly  one-half  the  stun  of  the  initial  and  final  pres- 
sures as  ordinarily  assumed,  and  the  use  of  this  value  may  lead  to  con- 
siderable error.  The  method  of  calculating  the  correct  value  has  been 
developed  and  tested  experimentally. 

2.  In  the  flow  of  a  liquid  through  a  capillary  tube  it  is  immaterial 
whether  the  capillary  is  in  a  horizontal  or  in  a  vertical  position. 

3.  When  a  liquid  flows  out  from  a  capillary  with  a  trumpet-shaped 
opening  there  is  a  definite  loss  of  kinetic  energy,  but  whether  this  kinetic 
energy  correction  is  the  same  as  in  the  well-studied  case  of  a  capillary 
with  tmiform  bore,  is  not  proved. 

4.  The  work  herein  reported  leads  to  some  suggestions  toward  im- 
provements in  the  construction  of  viscometers.  The  capillaries  should 
have  ends  which  are  as  nearly  square  as  possible  so  that  the  kinetic  energy 
correction  may  be  calculable  and  the  bulbs  should  be  as  short  as  possible. 
The  latter  may  be  accomplished  by  making  each  bulb  approximate  the 
shape  of  two  cones  placed  base  to  base. 

5.  Finally  in  the  opinion  of  the  authors  the  value  of  using  an  instru- 
ment for  relative  as  well  as  for  absolute  determinations  of  viscosity  in 
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which  the  time  of  flow  of  any  given  liquid  may  be  varied  by  varying  the 
pressure  has  again  been  demonstrated  by  the  discovery  of  the  errors 
discussed. 

Wabhxmotoii,  D.  C,  and  dmcAOOp  Iia. 
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The  raw  material  for  this  work  was  supplied  by  the  tVelsbach  Light 
Co.  of  Gloucester  City,  N.  J.,  through  the  kindness  of  Dr.  H.  S.  Miner, 
to  whom  the  authors  offer  their  most  sincere  thanks.  It  was  prepared 
by  treating  the  rare  earth  sulfates  with  potassitun  sulfate  in  a  smaller 
quantity  than  that  required  for  complete  precipitation  of  the  cerium 
metals.  Under  these  conditions  the  greater  part  of  the  samarium  and 
gadolinium,  present,  should  remain  in  solution.  The  solution  was  then 
precipitated  by  oxalic  add. 

The  oxalates  were  converted  into  oxides  by  ignition.  The  conversion 
of  oxalates  to  oxides  is  very  troublesome  when  working  on  the  large 
scale.  The  furnace  used  for  this  purpose  was  made  by  supporting  a 
large  •/4  inch  steel  plate  in  fire-brick.    Coke  was  used  as  a  source  of  heat. 

The  oxides  were  found  to  contain  considerable  quantities  of  lanthanum, 
cerium,  praseodymium  and  neod3miium  in  addition  to  samarium, 
gadolinium  and  the  yttrium  earths.  Since  the  oxides  dissolved  in  nitric 
add  with  violence,  the  cerium  content  could  not  be  very  large. 

The  fractionation  of  the  double  magnesium  nitrates  is  the  best  method 
for  roughly  splitting  up  such  a  mixture.  The  oxides  were  therefore 
dissolved  in  concentrated  nitric  add,  any  eerie  nitrate  being  reduced 
to  the  cerous  condition  by  the  addition  of  some  of  the  original  oxalates. 
The  warm  and  somewhat  diluted  liquid  was  then  filtered  through  large 
doth  filters,  supported  in  such  a  way  as  to  allow  the  Uquid  to  run  into  a 
long  trough  which  drained  into  a  large  earthenware  receiver.  Owing 
to  the  presence  of  so  much  of  the  yttrium  earths,  a  quantity  rather  less 
than  the  theoretical  amount  of  nitric  add  was  neutralized  by  powdered 
ignited  magnesite.  The  solution  of  magnesitun  nitrate  was  diluted,  and 
filtered  in  a  similar  manner  to  the  rare  earth  nitrates.  The  solutions  were 
mixed  and  evaporated  until  about  half  the  solid  crystallized  out  on  cooling. 
The  crystals  were  twice  recrystallized  and  then  placed  aside,  while  the 
mother  liquor  was  fractionated  until  the  spectnun  of  samarium  or  erbium 
became  intense.  When  the  above  condition  had  been  reached  the  mother 
liquor  was  largdy  diluted  and  precipitated  by  means  of  oxalic  acid.  The 
oxalates  were  filtered  off,  dried  and  ignited  to  oxides.    These  last  opera- 
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tions  removed  the  large  amounts  of  impurities,  such  as  iron  and  aluminium, 
etc.,  which  had  acciunidated  in  the  most  soluble  end. 

It  was  found  advisable  to  arrange  the  double  nitrates,  which  separated 
out  at  a  period-  later  than  those  first  mentioned,  according  to  the  in- 
tensity of  the  neodymium  color.  The  more  soluble  crystals  were  deeper 
colored  and  richer  in  neodymiimi. 

After  all  the  yttrium  earths  and  practically  the  whole  of  the  samarium 
had  been  removed,  the  double  nitrates  were  again  taken  up  and  sub- 
mitted to  a  further  fractionation.  As  soon  as  the  least  soluble  crystals 
became  colorless  or  greenish  they  were  removed  from  the  series,  while 
the  crude  neodymium  magnesium  nitrate  was  removed  from  the  most 
soluble  end. 

The  original  material  had,  by  this  time,  been  roughly  divided  into  three 
portions,  as  follows: 

(a)  Least  soluble  portion,  forming  white  or  greenish  crystals  con- 
sisting of  lanthanum,  cerium  and  praseodymitun  magnesium  nitrates 
together  with  traces  of  the  neodymium  compound. 

(b)  More  soluble  crystals,  colored  deep  amethyst,  being  largely  com- 
posed of  neodymiimi  magnesium  nitrate  with  traces  of  the  double  nitrates 
of  magnesiimi  with  samarium,  praseodymiimi,  cerium  and  lanthanum. 

(c)  Oxides  from  the  mother  liquors  containing  neodymiiun,  samarium, 
eturopium,  gadolinium,  terbium,  dysprosium,  holmium,  3rttritun,  erbium, 
thtdium,  ytterbiimi  and  lutecium. 

The  various  steps  can  be  followed  by  the  diagram  given  on  p.  43. 

Cerium. — ^This  element  was  removed  from  the  least  soluble  double 
nitrates  by  dissolving  them  in  water,  and  boiling  the  solution  with  potas- 
sium bromate  and  powdered  marble.  This  method  has  been  described 
by  James  and  Pratt.  ^  However,  there  are  a  few  conditions  that  must 
receive  carefid  attention.  The  solution  must  not  be  too  concentrated. 
It  should  contain  about  20%  of  the  nitrates;  also  the  volimie  should  be 
kept  constant.  If  the  liquid  is  allowed  to  evaporate  too  much,  the  in- 
creased concentration  gives  a  cerium  precipitate  having  colloidal 
tendencies.  A  precipitate  of  this  kind  remains  suspended  for  a  long 
time,  and  it  is  almost  impossible  to  decant  the  supernatant  liquid. 

The  potassium  bromate  was  added  to  the  boiling  liquid  first,  and  as 
soon  as  bromine  vapors  came  off,  it  was  gradually  treated  with  powdered 
marble.  When  the  solution  of  the  double  nitrates  was  inclined  to  be 
basic,  it  was  observed  that  the  bromate  did  not  react  for  some  time. 
At  times  the  reaction  became  violent,  and  the  Uquid  would  froth  and  boil 
over.  The  addition  of  the  marble,  before  the  first  evolution  of  bromine, 
tended  to  keep  the  solution  basic.  Therefore,  when  the  boiling  solution 
did  not  evolve  bromine  after  the  addition  of  bromate,  the  reaction  was 
*  Tms  Journal,  33,  1326. 
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started  by  adding  a  few  drops  of  nitric  acid.  This  procedure  never 
failed.  When  the  above  points  were  followed,  the  cerium  was  rapidly- 
thrown  down  in  the  form  of  a  basic  eerie  nitrate.  This  precipitate  settled 
with  extreme  ease  and  was  so  dense  that  the  supernatant  Uquid  could  be 
entirely  poured  off  without  stirring  up  the  deposit.  When  the  operation 
had  been  carefully  carried  out,  the  precipitate  was  of  a  canary  yellow 
color.  Darker  colored  precipitates  settled  much  more  slowly.  Two 
operations  were  employed  for  the  removal  of  the  cerium,  since  the  last 
traces  usually  carried  down  some  of  the  other  earths.  The  first  operation 
was  continued  until  no  action  was  noticed  upon  adding  marble.  The 
separation  of  the  cerium  was  carried  out  in  an  enamelled  pail,  and  several 
of  these  were  kept  going  as  they  required  very  Uttle  attention  when  once 
started.  Usually,  the  first  precipitate  formed  about  nine-tenths  of  the 
total  cerium  present.  After  the  basic  eerie  salt  had  settled,  the  dear 
supernatant  liquid  was  poured  off  into  a  pail  and  a  rough  estimate  made 
of  the  cerium  remaining.  If  only  very  small  quantities  were  present, 
the  liquid  was  heated  to  boiling  and  treated  with  a  solution  of  sodium 
peroxide.  When  several  per  cent,  remained  the  liquid  was  thoroughly 
boiled  with  more  powdered  marble.  It  is  not  advisable  to  add  the  second 
precipitate  to  a  new  lot  of  double  nitrates,  since  it  often  causes  the  next 
precipitate  to  form  badly  and  to  be  darker  colored.  The  basic  eerie 
nitrate  was  placed  in  large  porcelain  dishes  and  washed  by  decantation 
with  boiling  water  containing  some  nitric  add.  The  predpitate  was 
finally  washed  iipon  a  large  Btidmer  funnel.  It  was  then  dissolved  in 
hydrochloric  add,  reduced  by  alcohol  and  then  predpitated  as  the  sulfate 
or  oxalate. 

The  cerium  free  liquid,  from  the  second  basic  nitrate  predpitate,  was 
evaporated  until  about  two-thirds  crystallized  upon  cooling.  The  mother 
Uquor  was  foimd  to  contain  practically  the  whole  of  the  calcium  nitrate 
and  the  excess  of  magnesium  nitrate.  Only  traces  of  the  rare  earths 
were  present.  The  crystals  were  drained  and  placed  aside  for  the  ex- 
traction of  lanthanum  and  praseodymium. 

The  cerium  forming  the  second  predpitate  may  be  purified  by  repeating 
the  process  or  by  emplo3ang  one  of  many  other  methods  that  have  been 
described  by  vaious  workers. 

Lanthanum. — ^The  double  magnesium  nitrates,  consisting  mainly  of  the 
lanthanum  salt,  together  with  small  amounts  of  praseodymium  magnesium 
nitrate,  were  dissolved  in  water  and  precipitated  by  means  of  oxalic  add. 
The  oxalates  were  ignited  and  converted  into  the  double  ammonium 
nitrates.  These  were  then  recrystallized  many  times  from  water  con- 
taining nitric  add.  The  lanthanum  separated  in  the  least  soluble  crystals, 
which  were  obtained  quite  colorless. 

Praseod]rmium  was  obtained  from  the  more  soluble  portions  obtained 
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during  the  purification  of  the  lanthanum  and  from  the  intermediate 
fractions  between  the  crude  lanthanum  and  crude  neodymium  described 
above.  Praseodymium  was  separated  from  the  lanthanum  by  means 
of  the  double  ammonium  nitrates,  and  from  neodymium  by  using  the 
double  magnanese  nitrates.  These  methods  have  been  described  many 
times.  The  first  having  been  used  by  Auer  von  Welsbach  and  the  second 
by  Urbain. 

Neodymium. — ^This  element  was  purified  by  the  crystallisation  of  the 
doable  magnesium  nitrate. 

Samarium  and  Europium. — ^The  oxalates  obtained  from  the  original 
mother  liquors  were  ignited  to  oxides.  These  oxides  contained  neodym- 
ium, samarium,  europium,  gadolinium,  terbium,  dysprosium,  holmium, 
yttrium,  erbium,  thulium,  ytterbium  and  lutecium.  The  amount  of 
cdtium  would  be  so  small  that  it  was  not  looked  for.  The  scandium,  if 
present,  was  probably  lost  during  the  precipitation  as  oxalates. 

The  oxides  were  converted  back  into  double  magnesium  nitrates  and 
fractionally  crystallized  from  (i  to  i)  nitric  acid.  Whenever  the  mother 
liquor  failed  to  crystallize  properly  a  considerable  quantity  of  the  double 
nitrate  of  bismuth  and  magnesium  was  added.  This  procedure  rapidly 
removed  the  remaining  europium  and  gadolinium.  Whenever  the  mother 
liquor  was  considered  free  from  the  latter  element  it  was  removed  and 
precipitated  with  oxalic  acid.  After  continuing  the  fractionation  for 
some  time,  the  following  main  fractions  were  obtained:  Crude  neodym- 
ium magnesium  nitrate;  samarium  magnesium  nitrate;  bismuth  mag- 
neshun  nitrate  containing  europium  magnesium  nitrate;  gadolinium 
magnesium  nitrate  containing  terbium,  dysprosium,  holmium  and  small 
amounts  of  yttrium ;  oxalates  mainly  yttrium  but  containing  dysprosium, 
holmium,  erbium,  thulium,  ytterbium,  lutecium  and  traces  of  terbium. 

Gadolinium  and  Terbium. — Gadolinium  magnesium  nitrate,  containing 
terbium,  dysprosiiun,  holmium  and  small  amounts  of  yttriimi  was  dis- 
solved in  water  and  precipitated  as  the  oxalate.  The  oxides  obtained 
from  the  latter  were  dissolved  in  bromic  acid,  and  the  bromates,  re- 
sulting, submitted  to  a  long  series  of  fractioniition.  Gadolinium  ap- 
peared at  the  least  soluble  end  in  a  very  pure  form.  The  fractions  be- 
tween gadolinium  and  dysprosium  contained  terbium.  The  solutions. 
showed  an  absorption  band  in  the  blue,  while  the  oxide  was  almost  of  a 
black  color. 

D3r8prpsium  and  Holmium. — ^There  were  two  sources  for  these  elements, 

•the  fractions  of  bromates  more  soluble  than  terbitun,  and  the  yttrium 

earth  oxides  obtained  earlier.    The  oxides  were  converted  into  bromates 

fay  dissolving  in  bromic  acid.    The  solution  was  evaporated  and  the 

crystals  recrystaUized  fractionally  from  water.    This  gave: 
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(a)  Least  soluble-dysprosium,  holmium  and  yttrium  bromates  coa- 
taining  traces  of  terbium. 

(b)  Bromate  of  3rttrium  containing  some  dysprosium  and  holmium. 

(c)  Bromate  of  yttrium  containing  very  small  amounts  of  dysproaum, 
holmium  and  erbium. 

(d)  Bromate  of  3rttrium  containing  very  small  amounts  of  erbium. 

(e)  Bromates  of  yttrium  and  erbium. 

(/)    Bromates  of  erbium,  thulium,  ytterbium,  lutecium  and  (celtimn). 

The  least  soluble  portions  of  the  bromates  were  mixed,  according  to 
their  compositions,  with  the  corresponding  fractions  forming  the  moi^ 
soluble  end  from  the  terbium  gadolinitun  series.  After  the  fractionation 
had  been  continued  again  for  a  very  long  time,  the  terbium  collected  in  the 
least  soluble  portion. 

Dysprosium  slowly  separated  from  holmium. 

The  separation  of  dysprosium  from  terbium  by  the  bromate  method 
leaves  much  to  be  desired. 

The  preparation  of  holmium  was  not  attempted.  The  separation  of 
this  element  is  one  of  the  most  difficult  problems  in  inorganic  chemistry. 

Yttrium. — ^The  raw  material  for  the  yttrium  comprised  fractions  (c) 
and  (d)  of  the  bromates.  Since  these  fractions  were  quite  free  from 
terbium,  the  best  processes  for  the  piu-ification  consist  of  the  basic  nitrate, 
the  nitrite,  the  chromate  and  the  cobalticyanide  methods.  The  basic 
nitrate  and  the  nitrite  are  the  best  for  large  amounts  of  material. 

The  basic  nitrate  method  may  be  carried  out  several  different  ways. 
The  nitrates  may  be  fused  and  partially  decomposed  by  heat.  The 
fused  mass  is  then  carefully  poiu-ed  into  cold  water,  and  the  whole  well 
boiled.  If  the  operation  has  been  successful  the  entire  mass  goes  into 
solution,  and  the  basic  nitrate  separates  upon  cooling.  Should  the  de- 
composition be  pushed  too  far  a  residue  will  remain. 

Many  methods  have  been  published  which  are  based  upon  the  basic 
nitrate  principle,  such  as  boiling  the  oxides  with  the  nitrate  solution, 
boiling  the  nitrate  solution  with  magnesium  oxide,  boiling  the  nitrate 
solution  with  sodium  hydroxide.  However,  it  should  be  remembered 
that  the  best  results  are  obtained  when  the  basic  nitrate  separates  from 
solution  upon  cooling. 

The  writers  boiled  a  concentrated  solution  of  the  nitrates  of  yttrium 
and  erbium,  and  added  sodium  hydroxide  solution  until  crystals  of  the 
basic  nitrate  began  to  make  their  appearance.  The  Uquid  was  then 
allowed  to  cool,  and  the  rose  colored  crystals  rich  in  erbium  removed  by 
filtration.  The  process  was  then  repeated  upon  the  filtrate,  etc.  The 
basic  precipitates  began  to  get  paler  as  the  yttrium  concentrated.  When 
the  amount  of  erbium  present  was  very  small,  the  liquid  did  not  readily 
clear  up  after  the  addition  of  the  sodium  hydroxide,  but  showed  a  tendency 


Digitized  by  VjOOQIC 


OXIDATION  AND  REDUCTION   WITHOUT  ADDITION   OF  ACID.  47 

to  beccxne  colloidal.  This  prevented  rapid  filtration  from  the  basic 
nitrate,  and  in  order  to  avoid  this,  sodium  nitrite  was  employed  to  render 
the  liquid  basic.  Any  precipitate  which  formed  during  this  operation 
filtered  easily. 

When  a  concentrated  solution  of  the  nitrates  is  boiled  with  sodium 
nitrite,  a  basic  nitrate  results.  In  the  case  of  a  dilute  solution,  a  basic 
nitrite  separates  as  a  granular  prediHtate  during  the  boiling. 

The  3rttrium  was  further  purified  by  boiling  the  diluted  nitrate  solu- 
tion with  soditun  nitrite.  This  gave  a  very  pure  product,  which  in  solu- 
tion showed  no  absorption  of  erbium. 

The  separation  of  erbium,  lutecium,  ytterbium,  thulium  and  celtium 
was  not  attempted  ¥^th  this  material. 

DUKBAM.   N.    H. 


[Contribution  from  thb  School  of  Chbmistry,  University  of  Pittsburgh.] 

OXIDATION  AND  REDUCTION  WITHOUT  THE  ADDITION  OF 

ACID. 

n.    THE  REACTION  BETWEEN   STANNOUS   CHLORIDE  AND    POTASSIUM 

DICHROMATE.    A  CONTRIBUTION  TO  COLLOID-CHEMISTRY. 

By  Marks  Nbzdls  akd  Joshua  C.  Witt. 

Received  November  2.  1915. 

It  may  be  stated  from  the  restilts  of  the  first  paper  of  this  series  that 
coUoidal  hydrous  oxides  or  hydroxides  are  obtained  in  an  oxidation- 
reduction  reaction,  in  which  acid  must  be  added  for  the  formation  of 
normal  salts,  if  the  stoichiometric  relation  is  the  same  without  acid  as 
with  acid.  If  the  reaction  involves  ions  which  are  good  precipitants 
of  the  colloids  formed,  precipitation  takes  place;  otherwise,  hydrosols 
are  obtained. 

The  equation  for  the  reaction  between  stannous  chloride  and  potassium 
dichromate,  with  acid,  is 

3SnCl,  +  KjCraOy  +  14HCI  =  aSnCU  +  2CrCl3  +  7H2O  +  2KCI, 
where,  it  is  seen,  fourteen  mols  of  hydrochloric  acid  per  mol  of  dichromate 
are  necessary  to  form  the  normal  salts  of  tetravalent  tin,  trivalent 
chromium,  and  of  potassium.  The  object  of  this  investigation  was  to 
determine  whether  the  stoichiometric  relation  between  dichromate  and 
stannous  chloride  is  the  same,  i,  e,,  one  mol  of  the  former  oxidizing  three 
mols  of  the  latter,  and  what  substances  are  formed  when  no  acid  is  added. 

The  Stoichiometric  Relation. 

Samples  of  commercial  c.  p.  stannous  chloride  of  about  0.4  g.  each  were 

rapidly  transferred  to  beakers  from  a  weighing  bottle,  dissolved  in  50  cc. 

of  water,  and  the  solutions  titrated  with  standard  dichromate,  some  after 

adding  10  cc.  of  concentrated  hydrochloric  acid  and  others  without  the 
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addition  of  any  acid.    Ferrous  ammonium  sulfate  solution  containing 
potassium  thiocyanate  was  employed  as  an  outside  indicator. 

At  first  the  results  of  the  titrations  without  add  seemed  to  be  slightly 
higher  than  those  with  acid,  which,  as  in  the  titrations  of  ferrous  sulfate 
with  dichromate  without  the  addition  of  acid,  would  indicate  that  the 
reaction  was  not  instantaneous.  Further  investigation,  however,  showed 
that  the  hydrochloric  add  alone  gave  a  faint  pink  color  with  the  indicator, 
which  was  caused  by  the  ferric  iron  in  the  slightly  oxidized  ferrous  sulfate 
of  the  indicator  being  brought  into  solution  by  the  acid.  To  overcome 
this  difficulty,  the  titrations  in  which  add  was  used  were  run  imtil  a  drop 
of  the  solution  gave  a  darker  tiiit  with  the  indicator  than  add  alone. 
The  results  with  and*without  add  were  then  almost  identical. 

Therefore  the  oxidizing  power  of  dichromate  towards  stannous  chloride 
is  not  affected  if  the  reaction  takes  place  without  the  addition  of  add. 
Furthermore,  the  reaction  is  practically  instantaneous  in  dilute  solutions, 
or,  in  the  titrations  referred  to  above,  the  results  should  be  higher  without 
add  than  with  add.^  It  is  not  surprising,  however,  that  this  should  be 
the  case,  for  the  reaction  may  be  regarded  as  compounded  of  two,  each  of 
which  has  a  very  great  vdocity,  namely,  that  between  ferrous  salt  and 
dichromate  and  that  between  ferrous  salt  and  stannous  salt. 

When  no  acid  is  used,  stannous  chloride  is  considerably  hydrolyzed 
in  the  concentrations  employed  in  our  titrations,  giving  milky,  opalescent, 
solutions.  The  dichromate  rapidly  reduced  the  tiu-bidity,  which  dis- 
appeared after  a  few  cubic  centimeters  had  been  added.  It  is  also  in- 
teresting to  note  that  at  the  end  of  these  titrations,  the  solutions  possessed 
a  pecuUar,  faint  and  yet  distinct,  fruity  odor,  which  was  not  observed 
in  the  add  titrations.  We  have  been  unable  to  discover  the  cause  of  this 
odor.  In  titrating  the  solid  salt  with  o,i  N  dichromate,  an  olive-green 
solution  having  no  turbidity  is  obtained  immediatdy. 
The  Products  of  the  Reaction. 

The  percentage  of  stannous  tin  contained  in  the  solid  chloride  was 
estimated  by  titration  with  o.i  N  dichromate  in  the  presence  of  an  excess 
of  hydrochloric  add,  and  the  amoimt  containing  an  equivalent  wdght  in 
grams  calculated.  This  quantity,  119.6  g.,  was  dissolved  in  about  300 
cc.  of  water  contained  in  a  Uter  flask.  An  equivalent  weight  of  potassitun 
dichromate  (49.03  g.)i  enough  to  completely  oxidize  the  stannous  chloride^ 
was  dissolved  in  200-300  cc.  of  water  contained  in  a  beaker.  The  di- 
chromate solution  was  gradually  added  to  the  stannous  chloride  solution, 
the  mixture  bdng  shaken  vigorously  to  secure  homogeneity.  During 
the  process  of  mixing,  brownish  and  greenish  blue  gelatinous  masses 
were  formed  and  at  one  point  the  entire  mixture  became  a  jelly;  but 
when  all  the  dichromate  had  been  added  a  perfectly  clear,  deep,  olive-' 
■  Neidle  and  Witt,  This  Journal,  37,  2356  (1915). 
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green  solution  resulted,  which  in  sufficient  depth  appeared  red  by  trans- 
mitted light,  natural  or  artificial.  The  mixture  was  diluted  to  a  liter 
and  aliquot  portions  removed  for  investigation. 

Treatment  with  Ethyl  AlcohoL — One  hundred  cubic  centimeters  were 
evaporated  to  dr3mess  on  a  steam  bath  and  dried  to  constant  weight  in  an. 
air  oven.  The  residue  was  treated  with  95%  ethyl  alcohol,  which  dis- 
solved all  but  a  white  crystalline  substance  slightly  tinged  with  green. 
This  alcohol-insoluble  matter  was  filtered  off  by  suction  through  a 
Btidmer  funnel  and  washed  with  95%  alcohol,  but  it  could  not  be  en- 
tirely freed  from  the  slight  coloration  due  to  an  adsorbed  chromium 
compound. 

Alcohol-Insoluble  Matter. — ^The  residue  from  100  cc.  of  the  original 
mixture  was  dissolved  in  water  and  made  up  to  250  cc.  Twenty-five 
cubic  centimeter  portions  were  removed  for  the  estimation  of  tin, 
chromium  and  chlorine.  The  tin  was  determined  by  precipitation  with 
hydrogen  sulfide  and  ignition  to  stannic  oxide;  the  chromium  by  addition 
of  ammonium  hydroxide  to  the  hydrogen  sulfide  filtrate;  and  the  chlorine 
by  precipitation  with  silver  nitrate.  The  potassium  was  obtained  by- 
subtracting  the  amount  in  the  alcohol-soluble  matter  from  the  total 
employed  in  the  reaction. 

Alcohol-Soluble  Matter. — ^The  alcohol  solution  was  evaporated  to 
dryness  on  a  steam  bath,  and  the  residue,  dried  to  constant  weight  in  an 
air  oven  at  120^,  ground  and  analyzed  for  potassium,  chlorine,  chromium 
and  tin.  The  methods  for  the  tin  and  chlorine  were  the  same  as  those 
above,  while  the  potassium  was  determined  as  potassium  chloride,  and  the 
chromium  by  fusion  with  sodium  peroxide  and  titrating  the  resulting 
chromate  with  thiosulfate. 

The  results  csAculated  to  totals  for  the  entire  mixture  are  as  follows: 

Akohol-inaoluble  matter.  Alcohol-iolable  matter. 

. . ,  . . .  Total  , 

Gram  Oram  gram 

Gran*.          equivalents.  Grams.          equivalents.  aqulv. 

K 12. II  0.3097  0.92  0.0235  0.3332 

CI II. 12  0.3133  19.01  0.5361  0.8494 

Cr*^ 0.15  0.0087  17.15  0.9894  0.9981 

Sn^ 0.45  0.0151  60.39  2.0300  2.0451 

The  quantities  of  the  elements  contained  in  the  entire  mixture  are: 
potassium,  0.3333  equivalent;  chromium,  i  equivalent;  chlorine  and 
tin,  I  and  2  equivalents,  respectively^  provided  the  stannous  chloride  did 
not  contain  stannic  tin.  It  will  be  remembered  that  the  weight  of  stannous 
salt  containing  one-half  the  molecular  weight  of  unoxidized  chloride  was 
employed.  The  results  show  that  0.0451  equivalent  of  stannic  tin  was 
present,  with  which  0.0226  equivalent  of  chlorine  was  associated.  Thus, 
the  total  chlorine  should  be  1.0226  equivalents. 
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It  is  tvident  that  the  substance  separated  in  the  alcohol  treatment  is 
potassium  chloride^  which  therefore  is  one  of  the  products  of  the  reaction. 

The  constituents  of  the  alcohol-soluble  matter  cannot  be  detemiined 
from  tiie  analysis  al<me.  It  may  be  observed,  however,  that  there  is  a 
deficiency  of  chlorine  of  nearly  one-sixth  the  total.  This  loss  was  in- 
curred when  the  alcohol-soluble  matter  was  dried  in  the  air  oven,  and 
was  due  to  the  decomposition  of  stannic  chloride  or  chromic  chloride,  or 
both. 

Since  no  tin  was  lost  in  the  process  of  drying,  hydrated  stannic  diloride 
could  not  have  been  present  to  any  appredabk  degree,  for  hydrated 
stannic  chloride  volatilizes  considerably  when  heated.^  Hydrated  chromic 
chloride  on  the  other  hand  does  yield  hydrochloric  add  when  heated  to 
120^  C.^  We  are  thus  led  to  the  oondusion  that  the  alcohol-sohible 
matter  consists  of  a  mixture  of  the  hydrous  oxides  of  tin  and  chromium, 
and  hydrated  chromic  chloride. 

If  stannic  chloride  were  a  product  of  the  reaction,  it  coukL  be  extracted 
by  means  of  carbon  bisulfide.  A  portion  of  the  cMiginal  mixture  was 
evaporated  to  dr3mess  on  a  water  bath,  the  residue  powdered,  introduced 
into  a  thimble,  and  extracted  with  carbon  bisulfide  for  about  dghteen 
hours,  but  no  trace  of  tin  could  be  found  in  the  solvent.  Dialysis  of  the 
reaction  mixtiu-e  gave  further  evidence  that  it  does  not  contain  stannic 
chloride. 

Dialysis. 

Fifty  cubic  centimeters  of  the  original  solution  were  dialyzed  in  a 
parchment  paper  bag  suspended  in  a  beaker  filled  with  distilled  water 
to  the  level  of  the  solution  in  the  bag.  In  a  short  time  the  external  liquid 
was  colored  bluish  green  and  considerable  osmosis  had  taken  place. 
Fresh  water  was  placed  in  the  beaker  every  day  until  it  was  not  per- 
ceptibly colored  after  standing  twenty-four  hours.  The  accumulated 
di£Fusate  for  this  period  was  concentrated  and  tested  for  tin,  but  none 
was  found,  thus  proving  the  absence  of  stannic  chloride  in  the  mixture. 

The  dialysis  was  continued  in  order  to  free  the  hydrosol  as  far  as  possible 
from  dectrolytes.  Excessive  dilution  by  osmosis  was  avoided  by  keeping 
the  level  inside  the  membrane  several  centimeters  higher  than  outside, 
which  resulted  in  the  concentration  of  the  colloid  as  the  osmosis  dimin- 
ished. In  about  five  weeks  when  the  diffusate  was  giving  only  a  faint 
test  for  chloride  ion,  the  contents  of  the  bag  set  to  a  perfectly  dear  gel 
of  a  beautiful,  emerald  green  in  reflected  light,  and  a  deep  red  in  trans- 
mitted light.  In  a  second  dialysis  where  no  effort  was  made  to  keep 
the  solution  in  the  membrane  from  increasing  in  volume,  250  cc.  in- 
creased to  1 100  cc.  in  five  weeks,  giving  a  clear  hydrosol  resembling  the 
*  Gmdin-Kraut,  4, 1,  313. 
« Ibid,,  3, 1,  439. 
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hydrogel.  The  hydrosol  may  be  boiled  down  to  a  very  viscous  con- 
sistency and  on  being  dehydrated  over  sulfuric  acid  becomes  a  firm  gel. 

Analysis  of  the  gel  showed  that  it  contained  all  the  tin,  practically  one- 
half  of  the  chromium  and  a  negUgible  quantity  of  chlorine.  These  re- 
sults, together  with  those  previously  obtained,  enable  us  to  formulate 
the  reaction  as  follows : 

2K,Cr,07  +  6SnCl2  +  {6x  +  >^)H,0  Z^ 

4KCI  +  6Sn02j«;HsO  +  CraOs-yHjO  +  2CrCU  +  2HCI 

Thus  written  the  equation  expresses  the  fact  that  dialysis  yields  a 
mixed  hydrosol  of  hydrous  stannic  and  chromic  oxides  in  the  molecular 
ration  of  6  SnOj  to  i  CxtOz. 

The  reaction,  with  add,  is  written  ionically 

CriOT""  +  3Sn++  -f  14H+  :^  2Cr+++  +  3Sn++++  +  7H2O.   (i) 

Though  no  add  is  added  in  otu:  reaction,  hydrogen  ion  is  present,  due 
to  the  hydrol3rtic  dissodation  of  the  dichromate  and  stannous  chloride. 
Equation  i,  therefore,  represents  the  reaction  when  no  add  is  added. 

Aqueous  solutions  contain  hydroxyl  ion  in  equilibrium  with  hydrogen 
ion  according  to  the  equation: 

H+  -f  OH-  :^  H2O  (2) 

As  the  hydrogen  ion  is  removed  by  reaction  (i)  this  equilibrium  is  dis- 
turbed, the  more  so  as  the  available  hydrogen  is  very  Umited  and  the 
concentration  of  hydroxyl  ion  correspondingly  increases.  When  the 
latter  accumulates  suffidently,  the  solubility  products  of  stannic  and 
chromic  hydroxides  are  exceeded  and  the  colloidal  hydrous  oxides  are 
formed. 

Cr+++  H-  30H~  :j±:  Cr(OH)a;  2Cr(0H),  +  {y  —  3)H,0  :^  Cr,0,.>^H,0. 
Sn++++  +  40H~  1^  Sn(0H)4;  Sn(0H)4  +  (ic  —  2)^0  Z^  SnOi-i^HjO. 
The  formation  of  the  hydrosols  maintains  the  concentration  of  hydroxyl 
ion  within  perfectly  definite  limits,  which  insures  a  definite  minimal 
concentration  of  hydrogen  ion  sufficient  for  reaction  (i),  which  there- 
fore continues  to  completion. 

Other  oxidation-reduction  reactions  without  the  addition  of  add  now 
being  studied  in  this  laboratory  are  those  between  ferrous  chloride  and 
potassium  permanganate,  ferrous  chloride  and  hydrogen  peroxide,  and 
stamious  chloride  and  hydrogen  peroxide. 

Conclusions. 

1.  The  stoichiometric  relations  in  the  reaction  between  potassium 
dichromate  and  stannous  chloride  are  the  same  with  or  without  add. 

2.  The  products  of  the  reaction  are  potassitun  and  chromium  chlorides, 
and  stannic  and  chromic  hydrous  oxides  in  colloidal  solution. 

3.  A  dear  mixed  hydrosol  of  stannic  and  chromic  hydrous  oxides, 
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approximately  in  the  molar  ratio  of  6  SnOs  to  i  CrsOa,  may  be  ob- 
tained by  adding  an  equivalent  amount  of  didiromate  solution  to  stan- 
nous chloride  and  dialyzing  the  mixture.  The  hydrosol  will  contain 
all  of  the  tin  and  practically  one-half  of  the  chromium  used  in  the  re- 
action. 

4.  The  equations  for  the  reaction  have  been  formulated. 

5.  Tlie'work  already  completed  as  well  as  that  now  in  progress  on 
oxidation  and  reduction  without  the.  addition  of  add  justifies  the  con- 
elusion  that  colloidal  hydrous  oxides  are  obtained  in  an  oxidation-re- 
duction reaction,  in  whidi  add  must  be  added  for  the  formation  of  normal 
salts,  if  the  stoichiometric  relations  are  the  same  with  and  without  add. 

P1TT8BURO.  Pa. 


[Contribution  prom  th^  Chsmicai,  Laboratory  op  Princston  University.] 
THB  ACTION  OF  HYDROGEN  SULFIDB  ON  ARSENIC  ACID. 

Bt  Wiluam  PoSTSft. 
Received  Augatt  9,  1915. 

I.  Introduction. 

Sometime  ago  mjr  colleague,  Professor  LeRoy  W.  McCay,  called  my 
attention  to  a  paper  published  by  Usher  and  Travers^  in  1905,  and  en- 
titled "The  Interaction  of  Sulfxu'etted  Hydrogen  and  Arsenic  Pentoxide 
in  Presence  of  Hydrochloric  Add."  Inasmudi  as  this  paper  contained 
some  statements  apparently  not  in  harmony  with  the  results  obtained  by 
McCay  years  before,  it  seemed  well  worth  while  to  conduct  experiments 
with  the  view  of  accounting  for  the  discrepandes  existing  between  the 
authors. 

Ever  since  the  days  of  Berzelius  there  has  been  a  difference  of  opinion 
as  to  the  chemical  changes  that  occur  when  solutions  of  arsenic  add  or 
addulated  solutions  of  arseniates  are  treated  with  hydrogen  sulfide.^ 

Usher  and  Travers  repeated  and  confirmed  Brauner  and  Tomioek's 
work  in  the  case  of  dilute  hydrochloric  add  solutions  of  arsenic  add,  and 
also  extended  the  investigation  to  solutions  containing  up  to  32%  of  HCl, 
and  obtained  the  results  given  bdow.  The  experiments  were  carried  out 
at  about  15^,  and  in  every  case  the  solution  contained  0.3664%  of  the 
pentoxide. 

»  Trans.,  87,  1370  (1905). 

*  For  detailed  information,  the  reader  is  referred  to  the  following  literature  on  the 
subject:  Berzelius,  Ann.  der  Phys.  u.  Chem.,  7,  2  (1826);  H.  Rose,  Ihid.,  X07,  186 
(1859);  Wackenroder,  "Dictate  of  Forensic  Chemistry,"  H.  Ludwig,  Archiv.  der 
Phar.,  2  te  Reihe,  97,  32;  Fuchs,  Z.  anal.  Chem.,  i,  189  (1862);  Bunsen,  Ann. 
Chem.,  1939  305  (1878};  McCay,  Am.  Chem.  J.,  9»  174  (1887);  Chem.  News,  54,  287 
(1886);  Am.  Chem.  J.,  10,  6  (1888);  Z.  anal.  Chem.,  27,632  (1888);  Z.  anorg.  Chem., 
»9i  36  (1901);' Brauner  and  Tomicek,  Trans.,  53,  145  (1888);  Neher,  Z.  anal.  Chem.. 
32,  45  {1893). 
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HCL   %.  Coap.  of  f»pt.  HCL    %.             Comp.  of  ppt. 

1.8  AsiS»,  91  per  cent.  14-34  AsiSt,  pure 

7.9  AaiSi,  pure  25.10  AssSt,  58  P^  oeot. 
10.76  AsiSs,  pure  33-27  AaiSi,  pure 

The  authors  also  add:  ''The  solution  was  contained  in  a  flask,  and 
sulfuretted  hydrogen  was  slowly  bubbled  through  the  liquid  at  the  rate 
of  five  bubbles  per  second.  After  about  twelve  hours,  the  current  of  gas 
was  stopped,  and  the  precipitate  was  collected,  etc.*' 

The  surprising  thing  is,  that  Usher  and  Travers  should  have  obtained 
only  91%  of  As2Ss  in  the  most  dilute  hydrochloric  add  used  (18%),  pure 
AssSt  in  add  concentrations  ranging  from  7.9  to  14.34%  of  hydrochloric 
add,  and  then,  in  stronger  add  solutions,  less  and  less  pentasulfide  with  a 
•corresponding  increase  in  trisulfide. 

The  authors  also  say  that  the  reaction  between  arsenic  add  and  }iy- 
•drogen  sulfide,  in  the  presence  of  small  concentration  cii  hydrochloric  add, 
may  be  supposed  to  take  place  as  follows ; 

(i)     AsjOs  +  2H2S  «  AsiOi  +  2H2O  +  2S 
(2)     AsaOa  +  3H1S  -  AstSa  +  3H1O 

This  is  the  old  hypothecs  of  Rose,  and  it  is  not  in  harmony  with  the 
iacts. 

n.  Experimental. 

As  the  result  of  numerous  experiments  the  author  arrived  at  the  fol- 
lowing condusions: 

(a)  The  writer  agrees  with  McCay  in  the  observation  that  arsenic 
add  is  never  reduced  by  hydrogen  sulfide  directly  to  arsenious  add  and 
Iree  sulfur  according  to  the  old  h3rpothesis  of  Rose,  which  is  still  found  in 
many  text-books  on  chemistry.^ 

(6)  When  a  solution  of  arsenic  add  is  treated  with  hydrogen  sulfide 
the  compounds  first  interact  to  form  monosulf oxyarsenic  add  (£UAsOsS) 
^  hdd  by  McCay.  HsAsOsS  is  somewhat  unstable.  In  the  presence  of 
dilute  adds,  it  breaks  down  gradually  into  arsenious  add  and  sulfur; 
m  the  presence  of  high  concentrations  of  adds,  it  is  much  more  unstable. 
Concentrated  hydrochloric  add  brings  about  the  decomposition  very 
quickly,  even  at  o**.  A  low  concentration  of  hydrogen  sulfide  also  favors 
the  breaking  down  of  the  compound.  This  fact.,  and  not  the  hypothesis 
^f  Rose,  accotmts  for  the  presence  of  AS2S8  and  free  sulfur  frequently 
observed  in  predpitates  obtained  by ^  treating  arsenic  acid  with  hydrogen 


^  The  quantitative  method  for  the  determination  of  arsenic  as  the  trisulfide  in 
"Quantitative  Chemical  Analysis/'  by  Fresenius-Cohn,  Vol.  I,  pp.  415-416  (1904) 
ia  open  to  serious  criticism  on  the  ground  that  when  a  solution  of  arsenic  acid  is  treated 
with  hydrogen  sulfide  under  ordinary  condiiions  the  predpitate  is  not  pure  arsenic 
trisulfide.    Arsenic  pentasulfide  is  always  present  in  the  precipitate. 
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(c)  When  solutions  of  arsenic  add  are  treated  with  a  rapid  stream  of 
hydrogen  sulfide  no  reduction  takes  place,  even  if  no  mineral  add  be 
present.  It  was  observed  that  arsenic  acid  saturated  with  hydrogen  sulfide 
yielded  .pure  arsenic  peniasulfide  after  the  solution  had  stood  for  ninety -one 
hours.  It  was  also  observed  that  no  reduction  occurred  in  solutions  of 
arsenic  add  in  the  presence  of  hydrochloric  add  ranging  in  concentration 
from  0.9%  to  32%,  i.  e.,  when  the  solutions  were  treated  at  15^  with  a 
rapid  stream  of  hydrogen  sulfide. 

id)  The  results  of  all  the  experiments  carried  out  are  in  complete 
harmony  with  all  the  results  formerly  obtained  by  McCay.  On  the  other 
hand,  however,  very  few  of  the  results  agree  with  those  obtained  by  Usher 
and  Travers.* 

The  conclusions  summarized  above  are  based  upon  the  following  ex- 
periments which  were  sdected  as  representative  of  a  much  larger  number 
carried  out: 

A.  Qualitative  Experiments. — (i)  According  to  Usher  and  Travers, 
hydrogen  sulfide  has  a  marked  redudng  action  on  arsenic  add  containing 
1.8%  of  hydrochloric  acid,  for  they  obtained  from  such  a  solution  a  low 
yield  (91%)  of  arsenic  pentasulfide.  To  test  this  conclusion,  a  solution 
of  arsenic  acid  and  hydrochloric  add  was  prepared  having  approximatdy 
the  strength  of  the  solution  analyzed  by  Usher  and  Travers.  A  little 
over  100  cc.  of  this  solution  were  treated  with  10  cc.  of  hydrogen  sulfide 
water  0.0206  g.  (H2S),  and  allowed  to  stand  at  about  15®.  Even  at  the 
end  of  five  hours  not  the  least  turbidity  was  present,  thus  indicating  that 
no  reduction  had  taken  place.  The  HjS  interacted  with  H»As04  to  form 
HjAsOsS.  The  presence  of  HgAsOsS  and  the  absence  of  H^S  were  proved 
by  the  tests  employed  by  McCay.*  This  experiment  was  confirmed 
quantitatively  as  will  be  shown  bdow. 

(2)  A  solution  of  H8ASO4  containing  one  volume  of  water  to  one  of 
concentrated  hydrochloric  add  was  treated  with  a  few  bubbles  of  HtS, 
whereupon  sulfur  (white)  separated  out  very  quickly.  On  removing  the 
free  sulfur  and  any  possible  H2S  that  might  be  present  and  heating  the 
dear  filtrate,  more  sulfur  separated  out.  The  same  result  was  obtained 
in  the  presence  of  two  volumes  of  cone,  hydrochloric  add  to  one  of  water. 
When  solutions  of  Na«As08S.i2H20  containing  the  same  concentrations 
of  add  were  prepared,  the  free  sulfur  removed,  and  the  dear  filtrates 
boiled,  sulfur  separated  out  as  before. 

When  H8As04  was  dissolved  in  cone,  hydrochloric  add,  the  solution 
cooled  to  0°  and  a  Uttle  H2S  passed  in,  sulfur  separated  out;  but  on  boil- 
ing the  solution  after  the  removal  of  free  sulfur,  no  more  sulfur  separated 
out.    The  same  residt  was  also  obtained  at  — 20°.    When  Na«As08S.i2H|0 

1  Trans,,  87,  1370  (1905). 

» Am.  Chem.  J.,  10,  6,  4  (1888). 
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was  dissolved  in  cone,  hydrochloric  add  at  o°  and  — 20^,  respectivety, 
the  free  sulfur  removed,  and  the  dear  solutions  boiled,  no  sulfur  sq)arated 
out 

These  experiments  show  that  H^AsOi  and  HsS  first  interact  to  form 
HsAsOtS,  but  that  heat  and  strong  hydrochloric  add  break  down  the 
latter  substance  with  the  separation  of  sulfur.  The  decomposition  is 
brought  about  very  quickly  by  concentrated  hydrochloric  add,  even  at 
low  temperature,  but  the  separation  of  sulfur  is  retarded  in  case  the  add 
is  more  dilute. 

B.  Quantitative  Experiments. — ^For  the  purpose  of  verif3dng  some  of 
the  results  obtained  by  Usher  and  Travers,  a  large  number  of  quantitative 
detenninations  of  the  arsenic  in  solutions  of  ars^c  add  was  next  made 
under  different  conditions.  With  this  end  in  view,  about  a  liter  of  an 
aqueous  solution  of  arsenic  add  was  prepared,  and  it  was  found  by  careful 
analysis  that  10  cc.  of  the  solution  at  25^  contained  0.17 51  g.  As^^,  which 
corresponds  to  0.2363  g.  of  As^Si.  Portions  of  10  cc.  of  this  solution  were 
used  in  the  determinations  described  bdow.  By  properly  diluting  the 
portion  meastured  out,  a  solution  was  obtained  in  each  case  containing  ap- 
proximately 0.3664%  of  i45aOj,  the  strength  of  the  solution  analyzed  by 
Usher  and  Travers. 

The  arsenic  in  the  various  solutions  was  determined  by  McCay's 
method,  i.  e.,  by  heating  the  solutions  of  H8ASO4  and  HtS  in  heavy  glass 
bottles  having  groimd  glass  stoppers.  The  sulfide  of  arsenic  was  collected 
in  Gooch  crudbles,  washed  with  water,  followed  by  alcohol  and  carbon 
bisulfide  to  remove  any  free  sulfur,  and  then  dried  at  1 10^. 

(i)  A  rafnd  stream  of  HiS  was  passed  to  opalescence  into  two  portions 
of  the  solution  of  H1ASO4  containing  1.8%  of  HCl,  followed  by  heating 
under  pressure  in  a  water  bath.    The  following  results  were  obtained : 
Wt.  of  AsiSt:     (a)  0.2363  g.     (b)  0.2362  g. 

As  the  yield  of  AssSs  was  quantitative,  no  reduction  had  taken  place. 
Almost  identical  results  were  obtained  in  the  presence  of  0.9%  of  HCl. 

Solutions  of  arsenic  add  containing  1.8%  of  HCl  were  introduced  into 
two  bottles,  the  latter  joined  in  tandem,  and  H2S  passed  at  the  rate  of 
about  one  bubble  a  second  for  31  hours;  the  bottles  were  then  stoppered 
and  allowed  to  stand  at  room  temperatiu-e  for  about  two  days.  The 
arsenic  add  was  then  determined  as  usual. 

Weight  of  predpitate:     (a)  0.2352  g.     (b)  0.2347  g. 

The  results  are  a  Uttle  low,  due  to  the  decomposition  of  a  small  amount 
of  the  HsAsOsS.  This  condusion  was  confirmed  by  tests  made  on 
Na9As08S.i2HsO,  i.  e.,  it  was  proved  that  hydrochloric  add  1.8%  in 
strength  slowly  splits  off  sulfur  from  H^sOsS. 

(2}  In  this  experiment  the  H2S  was  passed  through  the  solutions  under 
the  conditions  given  by  Usher  and  Travers.  ' 
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After  the  gas  had  been  passed  through  for  twelve  hours,  the  bottles  were 
stoppered  and  allowed  to  stand  for  another  twelve  hours  and  then  the 
determination  of  arsenic  made  as  usual. 

Weight  of  sulfide  found:     (a)  0.2370  g.     (b)  0.2363  g. 

The  alcohol-carbon  bisulfide  liquid  obtained  by  washing  the  pre- 
cipitates were  evaporated  to  drjmess,  and  a  negligible  residue  was  ob- 
tained. I  fail  to  see  why  Usher  and  Travers  obtained  only  91%  of  AstSf 
when  working  under  practically  the  same  conditions. 

(3)  Two  portions  of  the  solution  of  H8ASO4  containing  no  HCl  were 
treated  to  saturation  with  a  rapid  stream  of  HsS,  the  bottles  stoppered  and 
allowed  to  stand  for  ninety-one  hours.  At  the  end  of  this  period  to  cc. 
of  cone.  HCl  were  added  to  the  contents  of  each  bottle,  and  the  arsenic 
determined  as  before. 

Wt.  of  precipitate:     (a)  0.2360  g.     (6)  0.2363  g. 

The  conclusion  is  definite,  therefore,  that  an  excess  of  HtS  will  not 
reduce  HiAsOi,  even  in  the  course  of  four  days. 

(4)  A  solution  of  HjiAsOi  containing  25%  of  HCl  was  treated  to  satura- 
tion with  a  rapid  stream  of  H2S.  The  weight  of  precipitate  (AS2S5) 
obtained  was  0.2364  g. — a  quantitative  yield.  This  agrees  with  the 
observation  made  by  Neher.^ 

Two  solutions  of  arsenic  acid  were  prepared  containing  25%  of  HCl, 
the  bottles  joined  in  tandem,  and  a  dirrent  of  US  passed  through  at  the 
rate  of  about  five  bubbles  a  second  for  a  period  of  twelve  hours.  At  the 
start,  the  first  solution  dissolved,  of  course,  almost  the  ejitire  amount  of 
H2S  passing,  so  in  the  first  bottle  a  precipitate  of  sulfide  of  arsenic  made 
its  appearance  in  about  a  minute,  and  in  the  course  of  five  minutes  a 
fair  amount  of  precipitate  had  formed.  A  precipitate  appeared  in  the 
second  bottle  in  about  five  minutes.  After  the  gas  had  passed  through  the 
solutions  for  twelve  hoiu-s,  the  bottles  were  stoppered  for  another  twelve 
hours,  and  the  precipitate  treated  in  the  usual  way. 

Weights  of  precipitate:     (a)  0.2367  g.  (quantitative).     (6)  0.2283  g.  (8  tng.  low). 

There  was  no  reduction  in  the  case  of  (a),  but  in  (6)  there  was  a  loss  of 
considerable  sulfur. 

The  alcohol-carbon  bisulfide  mixtures  used  in  washing  the  precipitates 
were  evaporated  to  dryness  to  recover  any  sulfur  which  might  be  in 
solution.  In  the  first  case  the  residue  was  negligible,  while  in  the 
second  case  it  was  considerable.  This  was  anticipated,  and  the  ex- 
planation is  clearly  evident  in  view  of  all  that  has  been  said.  In  the 
second  solution  H2S  was  received  at  a  slower  rate,  and  the  concentration 
of  the  gas  was  so  low,  especially  at  the  beginning  of  the  experiment,  that 
the  HjAsOaS  which  was  first  formed  was  soon  decomposed  into  HsAsOs 
and  sulfur,  due  to  the  high  concentration  of  the  hydrochloric  add. 
^  Z.  anal,  Chem,,  32,  45  (1893). 
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(5)  Two  solutions  of  arsenic  add  containing  32%  of  HCl  were  treated 
a  few  minutes  with  a  rapid  stream  of  HsS,  and  the  determination  of  arsenic 
carried  out  as  usual. 

Weights  of  arsenic  sulfide:    (a)  0.2367  g.     (6)  0.2369  g. 

Again  there  was  no  reduction  of  arsenic  acid,  for  the  yield  of  AsA  was 
quantitative. 

PsnatiON,  N.  J. 


[From  tbb  DuPARtMsm  of  Chemistkt,  Ohio  Mechanics  iNsnnniB.] 

A  THEORY  OF  MULTIPLE  IONIZATION:    A  MODIFICATION  OF 

THE  ELECTROLYTIC  DISSOCIATION  THEORY. 

L  raTRODUCTORY  AOT)  QUALrTATIVE  STATEMENT  OP  THE  THEORY, 

WITH  APPLICATIONS.* 

BT  PhaNGIB  PAMrBAM  HSYKOTH. 

RcceiTcd  October  29,  1915. 

In  the  extended  application  of  the  electrolytic  dissociation  theory  to 
general  and  analytical  chemistry  which  has  been  made  and  has  been  em- 
bodied in  many  textbooks,  certain  difficulties  have  been  encoimtered. 
These  have  been  satisfactorily  met  by  making  assumptions  at  variance 
with  the  original  propositions  of  the  theory.  As  such  assumptions  as  have, 
from  time  to  time,  been  proposed  are  widely  scattered  throughout  the 
literature  and  are  only  occasionally  alluded  to  in  the  textbooks,  it  seems 
that  a  comprehensive  theory  should  be  developed  to  embody  the  new 
conceptions  as  well  as  to  show  their  relation  to  the  original  h3^othesis. 

The  phenomena  which  the  ionic  theory,  as  it  is  most  widely  under- 
stood, fails  to  explain,  or  in  regard  to  which  further  explanation  is  to  be 
desired,  will  now  be  enumerated  under  five  classes,  and  then  a  modification 
of  the  theory  will  be  suggested  which,  it  is  hoped,  will  sufficiently  explain 
most  of  the  hitherto  obscure  facts. 

1.  We  should  like  to  have  some  insight  into  the  cause  of  the  different 
degrees  of  ionization  of  electrolytes.  Why  is  one  acid  strong  and  another 
weak?    The  ionic  theory  offers  no  hypothesis  to  explain  this. 

2.  There  are  certain  types  of  reactions  and  certain  compounds  that 
seem  to  find  no  place  in  the  theory.  Such  compounds  are  nitrosyl  chloride, 
sulfuryl  chloride,  phosgene,  nitrogen  chloride,  compounds  of  the  halogens 
with  each  other,  and  practically  all  acid  anhydrides.  Nitrogen  tetroxide 
dissolves  in  water  to  form  a  mixture  of  acids.  In  all  the  reactions  of  these 
compounds  with  water  ionogens  are  formed.  Are  they  not  formed  by 
ionic  actions  ?    Abegg*  says : 

*  This  paper,  read  before  the  Cincinnati  Section  on  May  12,  19 15,  forms  the  basis 
of  a  thesis  submitted  to  the  Ohio  Mechanics  Institute  for  the  Degree  of  Bachelor  of 
Science. 

*  Abegg,  "The  €*heory  of  Electroljrtic  Dissociation,"  1907,  p.  i6i. 
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"The  observation  that  all  reactions  in  which  ions  partidpale  in  measurable  amotmta 
— even  the  hydrolytic  actions  of  the  extremely  weakly  dissociate  water — proceed 
to  their  equilibria  with  an  immeasurably  great  velocity,  has  induced  the  asstunptkai 
that  indeed  every  capacity  to  react  is  to  be  attributed  to  the  presence  of  ions.  A  basis 
for  this  assumption  has  been  thought  to  exist  in  the  fact  that  reactions  between  non- 
electrolytes  usually  proceed  with  extreme  slowness  corresponding  to  an  immettsurably 
smaB,  but  not  absolutely  lacking,  dissociation." 

If  this  is  true,  the  development  of  an  ionic  theory  which  includes  them 
would  be  highly  desirable. 

3.  The  oxidizing  actions  of  hot,  concentrated  sulftuic  and  nitric  acids 
are  not  explained  by  the  theory.  The  writing  of  the  formulae  of  oxygem 
adds  as  hydroxides  is  frequently  necessary  in  the  interpretation  of  these 
reactions  and  has  become  common  in  the  textbooks.  There  must  be  an 
ionic  basis  for  these  actions,  although  they  have  not  yet  been  satisfactorily 
brought  within  tiie  bounds  of  the  ionic  theory. 

4.  It  is  well  known  that  only  weak  electrol3rtes  obey  the  law  of  mass 
action. 

5.  Amphoterism. — In  his  "Qualitative  Analysis/*^  StiegUtz  devotes  an 
important  chapter  to  the  amphoteric  electrolytes,  as  aluminium  hydroxide. 
He  develops,  by  the  usual  methods,  equilibrium  equations  to  show  what 
would  result  if  their  acid  and  basic  qualities  neutralize  each  other. 

Although  amphoterism  is  f otmd  nlost  prominently  in  the  middle  families 
of  tiie  periodic  system,  it  is  a  much  more  common  property  than  we  usually 
believe  it  to  be.  Arrhenius^  in  his  "Immtmo-Chemistry"  credits  the  al- 
bumins with  being  amphoteric.  Some  careful  work  in  connection  with 
the  application  of  the  ionic  theory  to  amphoterism  has  been  done  by 
Winkelblech^  and  by  Walker,^  working  diiefly  with  organic  compounds, 
especially  those  in  which  "zwitter-ion"*  formation  occurs.  To  quote 
Stieglitz*  again,  ''Pronounced  amphoterism  is  shown  by  a  large  ntunber.  of 
metal  hydroxides;  it  is,  perhaps,  the  rule  rather  than  the  exception." 
He  even  suggests  that  NaO'  ions  exist  in  immeasurable  quantities  in  solu- 
tions of  NaOH. 

Theory  of  Multiple  Ionization* — ^These  considerations  allow  of  but 
one  conclusion,  which  may  be  stated  in  the  form  of  a  question.  May  not 
amphoterism  be  a  property  common  to  aU  electrolytes?  This  leads  to 
the  statement:  When  substances  undergo  electroljrtic  dissociation  in 
solution  they  tend  to  dissociate  into  ions  in  at  least  two  ways,  the  ratio 
between  the  different  ionization  constants  varying  from  i :  i  to  very  nearly 
1 :  00 ,  and  depending  on  the  nature  of  the  solvent,  the  concentration  of 

*  StiegUtz,  "Qualitative  Analysis/'  1912,  Theoretical  Part,  p.  171. 

*  "Immuno-Chemistry,"  1907,  pp.  161-3. 
'  Z.  physik.  Chem.,  36,  546  (1901). 

*  Ibid.,  49,  82  (1904);  57.  706  (1905). 

^  Moore  in  Lehfeldt*s  "Electro-Chemistry/'  1904,  Part  i,  p.  145. 
■  Loc.  cU. 


Digitized  by  VjOOQIC 


A  THEORY  OP  MULTIPLE  IONIZATION.  59 

the  s61ution  and  the  average  structure  of  the  molecules  dissociatuig. 

This  forms  the  basis,  then,  of  a  theory  of  multiple  ionization.    For  ex- 

'  ample,  when  nitric  add  dissociates,  X  molecules  may  dissociate  as  follows: 

HNOj  ':^K+  +  NO3- 
Y  molecules  may  dissociate  in  another  manner 

HNOa  T^  OH-  +  NO2+. 
The  famiUar  mathematical  expression  for  the  degree  of  dissociation,  V 
y,  of  an  electrolyte  is 

i  —  I 

y  == ■ 

n —  I 

Considered  in  the  Ught  of  the  theory  outlined  in  the  preceding  para- 
graph it  would  be  better  to  write  it 

a  +  fi^i^. 
n —  I 

in  which  a  and  0  are  the  degrees  of  dissociation  according  to  the  two 

schemes  of  ionization  which  the  salt,  acid  or  base  is  capable  of  following. 

Applications. — It  is  now  necessary  to  apply  this  new  hypothesis  to  the 
points  outlined  above  in  which  the  theory  in  its  present  form  fails  to  give 
entirely  satisfactory  explanations. 

Amphoterism. — It  is  scarcely  necessary  to  add  anything  here.  Walker, 
Bredig,  Winkelblech  and  others,  as  already  mentioned,  have  done  so 
much  in  this  field  that  little  remains  to  be  said.  They  were  forced  to  as- 
sume multiple  ionization  in  some  cases,  although  they  did  not  render  it 
broad  enough  to  form  an  integral  part  of  the  theory.  Stieglitz  has  sug- 
gested that  amphoterism  may  account  for  the  oxidizing  action  of  some 
strong  adds,  although  he  does  not  seem  to  have  fully  devdoped  the  idea. 

z.  Dissociation  of  Acids  and  Bases. — ^Let  us  consider  the  equilibria  in 
a  fairly  concentrated  solution  of  nitric  add. 

HNO3  :^  H+     +  NOs- 
HNO,  :^  OH-  +  NO2+ 

w     ti 


2HNO,    =    HOH  +  N»0» 
The  result  is  that  a  series  of  four  equiUbria  is  set  up 
For  sulfuric  add  we  would  have 

H,SO«  -^  H+     +  H+     +  SO4" 
H,SO«  ^  OH-  +  OH-  +  S0,++ 

ti      ti      ti 

2H2SO4    =    HOH  +  HOH  +  SsOe  (  =  2803) 
*  Arrhenitts,  Z.  physik.  Chetn.,  i,  631  (1887). 
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Now  for  nitric  add  at  any  given  concentrati<ni  we  have  the  equilibria 

[NO,-]  X  [H+] 


[HNO,] 
[N0»+]  X  [0H-] 


[HNO,] 

When,  as  in  the  case  of  aluminium  hydroxide  as  developed  by  StiegUtz. 
the  product'  of  the  concentration  of  H-ions  and  of  OH-ions  equal  K« 
we  have  equilibrium      We  may  combine  the  two  equations  and  obtain 

[NO,-]  X  [N0,+]  X  K, 


[HNO,]* 

[N,0,]»   ^  K,XKt 

[HNO,]*       '    K, 
or 


K^  X  Ki 


[N2Q6]      ^     2/Ka  X  Kfc 

[HNO,]  ^  k^  ' 
The  above  is  the  ionic  method  of  expressing  the  reaction  between  an  an- 
hydride and  an  oxygen  add  if  the  acid  is  monobasic.  For  the  mathe- 
matical formulation  of  the  equilibritmi  between  a  dibasic  acid,  e,  g,,  sul- 
furic acid,  and  its  anhydride  we  obtain  by  similar  reasoning  the  equation 
2SO8  I 


^K- 


X 


H2SO4       K» 

In  the  above  examples  we  note  that  when  the  two  types  of  add  radicals 
imite,  the  anhydride  or  its  polymer  is  formed.  It  is  interesting  to  note 
in  this  connection  that  the  anhydride  of  HsSOi  exists  in  two  modifications, 
one  of  which  has  the  molecular  formula  SOs  and  the  other  SsOe*  This 
affords  us  a  new  definition  of  an  inorganic  anhydride:  An  anhydride  of 
an  oxygen  acid  is  an  oxide  which,  in  aqueous  solution,  is  more  or  less  com- 
pletdy  hydrolyzed  by  water,  due  to  its  dissociation  into  two  oxide  radicals, 
oppositely  charged,  which  combine  with  the  ions  of  water  to  form  the  acid. 
A  more  striking  definition  would  be:  An  add  anhydride  is  a  salt  formed 
by  the  self-neutralization  of  an  add. 

A  strong  add  is  usually  understood  to  be  one  which,  at  a  definite  con- 
centration, contains  a  relatively  great  concentration  of  H-ions,  while  a 
weak  add  is  one  whose  ionization  constant  is  such  that  at  the  same  con- 
centration it  will  yidd  fewer  H-ions.  A  low  concentration  of  H-ions  is 
the  result  of  one  or  both  of  two  causes:  either  only  a  small  concentration 
of  H-ions  results  from  the  ionization  of  the  add,  which  would  be  the  case 
when  the  add  is  only  slightly  ionized,  or  a  greater  munber  of  H-ions  are 
formed,  some  of  which  are  removed  immediatdy  after  formation.  The 
latter  might  be  the  result  of  multiple  ionization.     Most  of  the  OH  ions 
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formed  by  the  basic  ionization  of  the  acid  would  be  removed  by  some  of 
the  H-ion  formed  by  the  add  ionization  as  relatively  un-ionized  water. 
So  we  see  that  mtdtiple  ionization  may  be  one  cause  of  the  weakness  of 
acids,  and  whenever  it  does  occur  must  tend  to  lower  the  H-ion  concentra- 
tion of  the  add  and  so  be  one  of  the  factors  which  give  the  ionization 
constant  a  definite  value.  If  the  number  of  molecules  of  an  hydroxide 
dissociating  as  a  base  exceeds  the  number  dissodating  9$  an  add  we  have 
abase.  Let  A  represent  the  number  of  molecules  of  an  hydroxide  dissocia- 
ting as  an  add  and  B,  the  number  dissodating  as  base.  Then  the  limits 
between  which  an  hydroxide  may  have  add  properties  at  infinite  dilution 
arc  A  =  I,  B  =  o,  and  A  «  B.  For  basic  properties  the  limits  are 
A  =  o,  B  «  I,  and  A  *  B. 

Viewed  in  this  light,  determinations  of  the  rdative  strengths  of  adds 
and  bases  by  conductivity  measurements  are  bound  to  be  erroneous  be- 
cause the  vdodties  of  the  ions  formed  by  the  hitherto  unassumed  modes 
of  ionization  are  not  taken  into  account.  In  his  work  on  amphoteric 
electrolytes,  J.  Walker  pointed  out  that,  in  calculating  the  conductance  of 
an  amphoteric  electrolyte  at  infinite  dilution,  we  must  obtain  the  stun  of 
the  products  of  four  ions  into  their  specific  conductances,  and  not  two  as 
is  usually  done.  The  different  vdodties  of  the  ions  may  be  such  that  the 
error  is  dther  large  or  small.  In  weak  adds  and  bases  the  errors  will 
probably  be  greatest,  while  in  the  strongest  adds  they  will  be  insignificant, 
since  these  adds  ionize,  practically,  in  only  one  way.  To  compare  the 
values  of  dissociation  constants  obtained  hydrol3rtically  with  those  ob- 
tained by  conductivity  measurements  is  very  interesting.  When  all  ionic 
vdodties  concerned  are  known,  this  may  afford  a  method  for  the  determina- 
tion of  the  prevalence  of  multiple  ionization. 

If  we  apply  these  conceptions  to  non-oxygen  adds  we  arrive  at  oondu- 
sions  similar  to  those  reached  by  the  chemists  who  are  elaborating  elec- 
tronic theories.  H.  S.  Fry^  formulates  the  ionization  of  hydrochloric  add 
exactly  as  the  theory  here  advanced  woidd  lead  us  to  formulate  it. 

It  is  unnecessary  here  to  apply  these  ideas  to  bases,  for  it  is  obvious 
that  such  an  application  would  present  no  difficulties.  It  is  assumed  that 
solutions  of  ammonium  hydroxide  ionize  dther  as  is  usually  believed, 
or  as  follows:  NH*  "7^  NHj"  +  H*^  This  explains  how  it  attaches 
the  NHj  group  to  merciuy  salts,  something  which  cannot  be  explained 
unless  multiple  ionization  is  assumed. 

The  next  step  is  to  find  an  underl)ring  cause  for  the  fact  that  some 
molecules  tend  to  ionize  in  only  one  way,  while  others  tend  to  break  up 
in  more  ways  than  one.  One  theory  is  stereochemical  All  molecules 
of  a  compound  do  not  necessarily  possess  the  same  structure.  Some 
may  have  a  structure  which  would  influence  them  to  ionize  as  an  add, 
»  H.  S.  Pry,  Tms  Journal,  23,  263  (1914). 
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while  the  structure  of  others  might  lead  to  their  basic  ionization.  On  the 
relative  amounts  of  these  molecules  in  a  solution  might  depend  the  strength 
of  that  solution  as  acid  or  base.  Electronic  theories,  as  those  recently 
developed  by  W.  A.  Noyes,^  L.  W.  Jones*  and  Fry'  might  be  of  as- 
sistance. 

This  theory  explains  in  a  very  simple  manner  why  silver  and  mercury 
oxides  and  not  hadroxides  are  precipitated  by  NaOH.  If  any  of  these 
hydroxides  shoul<ff!be  formed  in  solution,  they  would  jdeld  by  their  acid 
and  basic  ionization  some  Ag"^  and  AgO~~  ions.  These  ions,  being  op- 
positely charged,  would  at  once  combine  to  form  dissolved  silver  oxide. 
But  as  this  is  insoluble,  while  the  hydroxide  is  not  insoluble,  it  will  at  once 
be  precipitated  and  this  will  continue  until  only  a  little  dissolved  silver 
hydroxide  is  left. 

2.  The  second  point  outlined  near  the  beginning  of  this  paper  was  that 
a  number  of  inorganic  reactions  involving  ionogens  did  not  find  a  place 
in  the  ionic  theory.  From  what  has  gone  before  it  is  reasonable  to  suppose 
that  sulfuryl  chloride  is  formed  in  exceedingly  small  quantities  when 
strong  sulfuric  and  hydrochloric  acids  are  mixed, 

S02{OH)2  +  2HCI  :^  SOaClt  +  2H,0. 
This  is  the  first  time  we  have  encountered  the  case  where  the  basic  qualities 
of  one  acid  are  neutralized  by  another  acid.  So  the  theory  of  multiple 
ionization  rationalizes  the  existence  of  the  inorganic  add  chlorides  and  the 
analogous  anhydrides.  It  may  even  be  possible  to  prepare  compounds  of 
this  type  which  are  not  yet  known.  This  offers  a  wide  field  for  profitable 
research.  The  reaction  between  nitrogen  tetroxide  and  water  probably 
takes  place  in  two  different  ways  at  the  same  time.  Some  molecules 
ionize  as  N0+  and  NOs"  and  these  react  with  water  to  give  HNOs  and 
NO(OH).  Others  ionize,  yielding  NO2+  and  NO2"*  which  react  with 
water  to  give  HNOj  and  N02(0H). 

3.  Oxidizing  Action  of  Acids. — In  attempting  to  explain  oxidation- 
reduction  reactions  in  terms  of  direct  transfers  of  electric  charges  between 
atoms  and  their  ions,  StiegUtz^  has  suggested  that  oxidizing  acids,  as 
permanganic,  nitric,  arsenic,  etc.,  owe  their  power  to  their  capacity  to 
ionize  minimally  as  bases.  In  terms  of  the  theory  we  have  just  developed, 
the  oxidizing  action  of  nitric  acid  is  due  to  its  basic  dissociation :  HNOs  T^ 
NOj"'"  +  OH".  The  NO2"*"  ion  has  a  definite  solution  tension  and  may 
pass  off  as  a  brown  gas  after  siurendering  its  charge  to  any  other  atom  or 
ion  which  will  hold  it  more  firmly,  just  as  CU++  gives  its  charges  to  zinc 

*  W.  A.  Noyesp  This  Journal,  34,  663  (1912);  35,  767  (1913). 

*  L.  W.  Jones,  Am.  Chem.  /.,  50,  414  (1913). 

•Fry,  This  Journal,  30,  34  (1908);  34,  664  (1912);  36,  262  (1914);  Z.  physik, 
Chem.,  7^^,385  (191 1 ). 

*  Stieglitz,  "Qusditative  Chemical  Analysis,"  xgia*  I,  283. 
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We  should  expect,  then,  that  the  oxidation  of  a  ferrous  salt  by  Goncentmted 
nitric  acid  might  be  represented  ionically  as  follows: 

Pe++  +  NOj-^  — >  Fe+-^+  +  NO, 
In  its  expanded  form,  we  might  write  the  equation  for  the  action  of  con- 
centrated nitric  acid  upon  ferrous  sulfate  in  the  presence  of  sulfuric  acid 
as  follows: 
2Fe++  +  2S0r  +  2H+  +  SO4"  +  2OH-  +  2NO1+  — > 

2Fe+++  +  3SO4"  +  2H,0  +  aNOj 
It  will  be  noted  that  it  is  unnecessary  to  consider  the  normal  ionization 
of  nitric  add  in  a  qualitative  discussion.  If  the  reaction  is  carried  out 
without  the  addition  of  sulfuric  add,  the  add  ionization  of  nitric  add 
would  play  the  part  of  the  sulfuric  add  in  the  above  equation. 

This  view  of  the  action  of  nitric  add  is  of  espedal  importance  in  or- 
ganic chen[ustry  in  explaining  the  action  of  the  add  in  nitrations  where 
the  NO2  group  becomes  attached  to,  e,  g,,  the  benzene  nudeus.  It  is 
also  impcHTtant  to  note  that  in  performing  such  nitrations,  a  mixture  of 
concentrated  sulfuric  and  nitric  acids  is  employed  and  this  is,  as  Stieglitz 
states,  of  importance  in  facilitating  the  basic  ionization  of  nitric  add. 

The  oxidation  of  NO  gas  by  concentrated  nitric  add  would  appear 
to  be  similar  to  the  action  of  zinc  on  a  solution  of  a  copper  salt.  The 
N02'^  formed  by  the  basic  ionization  of  the  nitric  add  yields  its  charge 
to  the  NO  molecule  and  passes  off  as  a  brown  gas. 

In  the  solution  of  copper  in  sulfuric  acid  the  SOj+"*'  ions  formed' by  the 
basic  ionization  of  the  add,  give  up  thdr  two  positive  charges  to  the  Cu, 
forming  cupric-ion,  and  pass  off  as  sulfur  dioxide  gas,  just  as  H-ions  give 
their  charges  to  Zn  when  it  dissolves  in  HCl.  The  oxidation  of  metallic 
aluminium  to  its  ion  by  means  of  NaOH  with  evolution  of  Ha  is  easily 
explained  in  a  similar  manner: 

2AI  +  6NaO-  +  6H+  — ^   2AI+++  +  6NaO-  +  3H2 
A  quantitative  examination  of  some  reactions  of  this  class  will,  it  is  hoped, 
form  the  subject  of  later  work.     An  important  work  for  the  future  will 
be  the  insertion  of  the  new  ions  into  their  proper  places  in  the  electro- 
motive series  by  determining  their  solution  tensions. 

4.  The  most  vulnerable  point  of  the  dectrolytic  dissodation  theory  as 
it  stands  is  that  the  Ostwald  dilution  law  does  not  give  constant  values 
for  strong  dectrolytes.  Repeated  attempts  have  been  made  to  remove 
this  obstade  to  an  unqualified  acceptance  of  the  theory  by  many  workers, 
particularly  Jahn,^  who  with  Nemst  attempted  to  explain  the  anomaly 
by  an  application  of  Nemst's  extended  theory  of  solutions.  Reactions 
between  ions  and  tmdissociated  molecules  have  been  assumed  by  some 

1  Z,  pkysik.  Chem.,  33,  545  (1900);  35,  i  (1900);  37,  490  (1901);  38,  487  (1901); 
41,  257  (1902). 
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to  be  the  cause  of  the  difficulty  while  Hittorf,^  Bredig,*  Noyes'  and  Steele^ 
base  it  upon  the  formation  of  inner  complexes.  Abegg  and  Bodlander»^ 
Jones*  and  Getman  and  others  have  attempted  to  explain  it  on  the  basis 
of  hydrate  formation.  A  mathematical  formula  due  to  Rudolphi'  has 
been  transformed  by  Van*t  Hoff  and  Kohlrausch.'  A  broader  attempt, 
though  still  empirical,  has  been  made  by  Storch.*  More  recently  import- 
ant work  has  been  done  by  Washburn,^®  Lewis/^  A.  A.  Noyes,"  Kendall^' 
and  others.  In  view  of  the  fact  that  in  spite  of  their  labors,  a  satisfactory 
solution  of  the  difficulty  has  never  been  reached,  it  would  be  decidedly 
out  of  place  to  even  offer  a  suggestion  without  prolonged  study.  And 
yet  it  appears  to  the  author  that  thef  actor  of  multiple  ionization  has  hitherto 
been  neglected.  Possible  effects  of  multiple  ionization  upon  the  so- 
called  ionization  constants,  the  effect  of  the  velocities  of  the  new  ions  upon 
the  true  values  of  degrees  of  dissociation  at  definite  concentrations  and 
the  possibility  of  var^ng  changes  in  the  a  and  0  dissociations  with  chang- 
ing concentrations  are  at  least  worthy  of  the  consideration  of  all  who 
are  interested  in  the  question.  Undoubtedly,  the  effects  of  multiple 
ionization,  t.  e.,  oxidation,  etc.,  are  most  apparent  when  dealing  with 
concentrated  solutions  and  it  is  also  here  that  variations  from  the  mass 
law  are  most  pronounced.  , 

Other  Applications. — ^To  render  this  introduction  and  general  state- 
ment complete  in  a  merely  qualitative  sense,  it  now  remains  to  apply  the 
hypothesis  to  some  of  the  successful  applications  of  the  old  theory. 

Neutralization. — It  is  evident  that  neutralization  may  take  place 
in  more  than  one  way  in  terms  of  the  new  conception.  For  example, 
the  acid  qualities  of  nitric  acid  may  neutralize  tlie  basic  qualities  of  sodium 
hydroxide  or  the  acid  qualities  of  sodium  hydroxide  may  neutralize  the 
basic  qualities  of  nitric  acid.  A  large  number  of  molecules  imdergo  the 
first  reaction  as  compared  with  those  which  follow  the  second. 

In  considering  neutralization  an  interesting  confirmation  of  our  theory 
is  met.    The  Russian  thermochemist  Hess  has  shown  that  when  an 

^  Pogg,  Ann,,  io6,  385  and  546. 
«Z.  physik.  Ckem..  13,  190  (1894). 
»  This  Journal.  3^1  63  (1914). 

•  /.  Chem.  Soc,  82,  241  (1902). 

•  Z.  anorg.  Chem.,  20,  453  (1897). 

•  Monograph  No.  60,  Caraegie  Institute. 
'  Z.  physik.  Chem,,  17,  3^5  (1895). 
•/Wa.,  i8,.30i  and  662  (1895). 
•/Wrf.,  19,13(1896). 

"Washburn,  This  Journal,  33,  1686-1713,  1461-78  (1911);  35>  681-74  U912). 
"  Lewis,  Ibid.,  30,  668-83  (1910);  34»  1631-44  (19"). 

"  A.  A.  Noyes,  et  al.,  Ibid,,  33,  1643,  1650,  1663,  1673,  1807,  1827  and  1836  (19"); 
34t  454  (1912). 

"  Kendall,  /.  Chem,  Soc„  xoi,  1275-97  (1912);  Proc,  Roy.  Soc„  (A)  8$,  200-19  (1912). 
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equivalent  of  a  strong  acid  neutralizes  a  strong  base  13,700  cat.  are  pro- 
duced»  irrespective  of  the  strong  add  or  base  chosen,  and  that  with  weak 
adds  or  bases  less  heat  is  produced.  It  now  becomes  dear  that  weak 
electrolytes  do  not  give  exactly  this  amoimt  of  heat  because  some  of  the 
H  and  OH  ions  formed  by  the  weak  acid  or  base  have  united  before  the 
solutions  were  mixed.  Therefore,  there  is  not  left  an  equivalent  of  H+ 
and  of  0H~  for  combination  and  consequently  we  cannot  expect  exactly 
13,700  cal. 

Hydrolysis. — ^This  is  but  a  continuation  of  the  discussion  of  neutraliza- 
tion. A  t3rpical  example  is  the  neutralization  of  the  strong  base  NaOH 
and  the  weak  carbonic  add.  This  means,  if  the  hypothesis  previously 
advanced  is  tentatively  accepted,  that  we  have  a  base,  practically  all  the 
molecules  of  which  dissodate  in  one  way,  and  an  acid  in  which  the  ratio 
of  add  to  basic  ionization  is  more  nearly  one  to  one.  For  example: 
2Na+  +  2OH-  .      2H+  +  cor 

2NaO-  +  2H+  2OH-  +  C0++ 

On  the  right  there  is  an  approximately  equal  number  of  H"'"  and  0H~ 
ions  and  carbonate  and  carbonyl  ions.  On  the  left  there  are  a  very  few 
NaO""  and  H+  ions,  and  a  large  number  of  Na+  and  OH"  ions.  Applying 
the  mass  law,  it  is  seen  that  all  of  the  H+  ions  would  be  removed  as  water 
by  the  rdatively  great  number  of  OH"  ions.  In  order  that  the  positive 
and  negative  charges  on  the  remaining  ions  may  balance,  there  must  re- 
main a  large  number  of  OH"  ions  in  solution.  Therefore  a  solution  of 
sodium  carbonate  reacts  basic,  since  this  is  a  condition  of  equilibrium 
and  may  be  reached  either  by  bringing  together  the  add  and  base  or  by 
dissolving  the  salt  in  water. 

Summary. 

1.  Five  points  have  been  brought  forward  in  which  the  ionic  theory 
in  its  present  form  fails  to  give  entirely  satisfactory  explanations  of  the 
observed  facts,  or  in  regard  to  which  there  may  be  theoretical  objections. 

2.  To  meet  these  points  it  has  been  suggested  that  ionization  may  take 
place  in  more  ways  than  one.  The  strengths  of  acids  and  bases  depend 
upon  the  relative  number  of  molecules  ionized  as  acid  and  as  base.  The 
ionic  reactions  between  water  and  add' or  basic  anhydrides  have  been 
made  clear. 

3.  The  new  hypothesis  has  been  applied  to  the  common  reactions  of 
neutralization  and  hydrolysis. 

It  is  my  endeavor  to  show  that  the  hypothesis  is  worthy  of  serious 
consideration,  and  later  I  hope  to  give  it  quantitative  examination.  In 
conclusion,  I  desire  to  express  my  appredation  of  the  encouragement 
given  to  me  by  my  honored  friend  and  instructor,  Dr.  Sigmund  Wald- 
bott,  Professor  of  Chemistry  of  the  Ohio  Mechanics  Institute. 

CiNcxNMATi,  Ohio. 
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THE  VOLUMETRIC  DETERMINATION  OF  CERIUM  BY  MEANS 
OF  POTASSIUM  PERMANGANATE. 

BT  ViCTOK  LVNHSK  AND  C.  C  MsLocm. 
Received  December  11.  1915. 

The  pemiatiganate  separation  of  cerium  from  the  other  rare  earths  is 
based  on  the  principle  that  cerium  forms  compounds  having  the  Taletioe 
of  four  in  addition  to  the  trivalent  t3rpe  ordinarily  exhibited  in  the  rare 
earths. 
6Ce(N03)«  +  KjMnaOs  +  4H2O  = 

4Ce(N08)4  +  2Ce(OH)4  +  2KNO1  +  2MnO|. 

In  addition  to  the  formation  in  this  first  reaction  of  eerie  hydroxide^ 
the  tetranitrate  tmdergoes  hydrolysis  with  the  further  formation  of  more 
eerie  hydroxide. 

Ce(N0,)4  +  4Hi?0  =  Ce(0H)4  +  4HNO8. 

The  nitric  add  thus  liberated  tepds  to  make  the  reaction  reversible; 
hence,  in  order  to  obtain  complete  reaction  and  subsequent  precipitation 
of  the  cerium,  this  free  add  must  be  neutralized  in  the  proper  manner. 

This  general  reaction  doubtless  originated  with  Winkler/  and  has  been 
studied  by  a  number  of  chemists*  since  that  time.  It  has  been  repeatedly 
suggested  that  this  prindple  could  be  applied  to  the  determination  of 
cerimn,  but  few  results  have  been  published,  and  the  conditions  under 
which  this  reaction  takes  place  have  not  been  suffidently  emphasized. 
Brauner*  has  stated  that  the  method  gives  excellent  results  for  the  de- 
termination of  trivalent  cerium  in  the  presence  of  tetravalent  cerium. 

Experimental. 

Materials  Bmidoyed.— For  our  experiments  standard  solutions  of 
cerium  nitrate^  were  prepared  of  convenient  strength,  and  the  cerium  in 
them  was  accuratdy  determined  by  gravimetric  means,  being  finally 
wdghed  in  all  cases  as  CeOs.  The  potassium  permanganate  solutions 
used  were  standardized  against  ferrous-ammonium  sulfate  and  sodium 
oxalate. 

Sources  of  Error. — If  a  cerous  solution  is  rendered  distinctly  alkaline 
and  the  solution  dther  heated  or  allowed  to  stand  for  some  time,  atmos- 

^  /.  prakL  Chem,,  95,  410  (1865). 

'  Stolba,  Chem.  ZetUr.,  10  (3  Folge),  595  (1879);  Brauner,  Chetn.  News,  71,  285 
(1895};  Drossbadi,  Ber.,  29,  3,  2453  (1896);  35,  2830  (1902);  Muthmann  and  Rolig, 
Bff.,  31,  1 7 19  (1898);  B61im,  Z.  angew.  Chem.,  1903,  1130;  Muthmann  and  Weiss, 
Ann.,  331,  9  (1904)  ;  Meyer  and  Schweitzer,  Z.  anorg.  Chem.,  S4i  104  (1907);  James, 
Tms  JouRNAir,  30,  985  (1908);  Roberts,  Z.  anorg.  Chem.,  71,  305  (1911). 

•  Chem.  News,  71,  285  (1895). 

^  The  cerium  nitrate  used  was  courteously  furnished  by  H.  S.  Miner,  of  the  Wele- 
bach  Co. 
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pheric  oxygen  is  absorbed  to  such  an  extent  that  the  subsequent  titration 
with  potassium  permanganate  necessarily  yields  low  results.  This  absorp- 
tion of  the  oxygen  of  the  air  is,  however,  so  slow  that  by  immediately  titrat- 
ing, even  in  the  cold,  or  by  adding  the  most  of  the  permanganate  solution 
before  the  neutralizing  agent  is  added,  no  appreciable  error  is  introduced. 

Low  results  may  be  due  to  occlusion.  When  the  entire  amount  of  neu« 
tralizing  agent  required  is  added  all  at  once,  and  the  cerous  hydroxide 
precipitated  before  titration  with  the  permanganate,  the  particles  of  the 
gelatinous  precipitate  are  first  superficially  coated  with  the  eerie  hydroxide 
and  hydrated  manganese  dioxide  formed  in  the  reaction,  and  on  accotmt 
of  this  protective  coating  of  oxidized  material,  small  amoimts  of  the  cerous 
hjrdroxide  may  escape  oxidation.  Low  results  produced  in  this  manner 
may  be  obviated  in  large  part  by  greater  dilution  or,  still  better,  by  adding 
the  most  erf  the  permanganate  before  the  neutralizing  agent  is  introduced. 
A  far^more  satisfactory  procedure  consists  in  the  use  of  such  a  substance 
as  zinc  oxide,  which  neutralizes  the  free  add  but  does  not  immediately 
precipitate  the  cerous  hydroxide. 

In  all  cases  it  is  recommended  that  the  titration  be  finished  hot,  and 
that  the  permanency  of  the  end  point  be  insured  by  finally  boiling  the 
solution  for  an  instant.  Unless  these  conditions  are  fulfilled  low  results 
are  not  infrequently  obtained. 

The  authors  have  not  obtained  results  which  are  high,  doubtless  be- 
cause the  solutions  worked  with  did  fiot  contain  other  rare  earths.  Others 
have  reported  high  results  under  such  conditions. 

Zinc  Oxide  Series. — The  results  reported  in  Tables  I  and  II  were  ob- 
tained by  using  zinc  oxide  as  the  neutralizing  agent. 

A  measured  volume  of  the  standard  cerium  nitrate  solutions  was  diluted 
to  about  no  cc.  and  an  excess  of  zinc  oxide  paste  added.  The  most  of 
the  permanganate  was  then  added  in  the  cold,  after  which  the  solution 
was  brought  to  boiling  and  the  titration  finished  hot.  The  permanency 
of  the  end  point  was  tested  by  boiling  for  a  moment.  Under  these  condi- 
tions a  dense,  granular  precipitate  was  obtained  which  settled  readily. 
The  end  point  was  sharp. 

Tablb  I. 

Data  showing  the  effect  of  zinc  oxide  added  in  the  cold.    0.3026  g.  Ce  taken. 

Ce  found,  g.:    0.3031;  0.3028;  0.3031;  0.3033;  0.3028. 

The  results  shown  in  Table  II  were  obtained  by  heating  the  solution 
to  boiling  before  any  permanganate  was  added. 

Tablb  II.i 
Data  showing  the  effect  of  zinc  oxide  in  a  solution  titrated  at  boiling  temperattu-e. 

0.1630  g.  Ce  taken. 
Ce  found,  g.:    0.1633:  0.1633;  0.1633,  0.1632;  0.1637;  0.1632;  0.1626;  0.1632;  0.1629; 
0.1624;  0.1633;  0.1633. 

^  Results  obtained  by  Miss  Grace  Van  Natta. 
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Calcium  Carbonate  Serie8.*-^In  the  next  series  of  experiments  precipi- 
tated calcium  carbonate  was  used  as  thje  neutralizing  agent.  An  excess 
of  the  solid  reagent  was  added  in  the  form  of  a  dry  powder.  The  reaction 
in  this  case  does  not  proceed  with  suf&cient  rapidity  either  in  the  ccdd 
or  hot.  Calcium  carbonate  is  not  as  satisfactory  a  neutralizing  agent 
in  this  titration  as  a  number  of  other  substances.  If,  however,  the  solu- 
tion is  boiled  for  a  short  time,  accurate  results  are  obtained. 

Tablb  III. 

Data  showing  the  influence  of  caldttm  carbonate.    0.3026  g.  Ce  taken. 

Ce  found,  g.:    0.3024;  0.3035;  0.3029;  0.3026;  0.3036. 

Tablb  IV. 

Data  showing  the  results  obtained  by  adding  most  of  the  permanganate  before  caldntn 

carbonate  was  added.    0.3260  g.  Ce  taken. 

Ce  found,  g.:    0.3259;  0.3258;  0.3261;  0.3258;  0.3260;  0.3254;  0.3260;  0.3261. 

Magnesium  Oxide  Series. — ^Milk  of  magnesia  was  found  to  be  one  of 
the  best  neutralizing  agents  available  for  this  titration.  In  the  presence 
of  this  reagent  the  oxidation  of  the  cerium  by  means  of  potassium  per- 
manganate takes  place  readily,  even  in  the  cold.  In  order  to  avoid  the 
error  of  air  oxidation,  preliminary  titrations  were  made  to  ascertain  the 
approximate  amount  of  permanganate  consumed.  In  the  titration  proper, 
most  of  the  permanganate  is  added  before  the  magnesia  is  introduced. 
By  finishing  the  titration  hot  and  at  the  end  bringing  to  boiling  for  an 
instant,  a  very  sharp  and  satisfactory* end  point  is  obtained. 

Tabus  V. 

Data  showing  the  results  obtained  by  the  use  of  magnesia.    0.3026  g.  Ce  taken. 

Pound:    0.3024;  0.3024;  0.3022;  0.3017;  0.3024. 

0.3260  g.  Ce  taken. 

Found:  0.3262;  0.3261;  0.3261;  0.3266;  0.3265;  0.3265;  0.3260;  0.3266;  0.3263;  0.3259. 

Soluble  Neutralizing  Agents. — ^When  soluble  compounds,  such  as  borax, 
sodium  carbonate,  or  sodium  bicarbonate,  were  employed  as  the  neutral- 
izing agent,  the  substance  was  dissolved  in  water  and  a  solution  used. 
In  general  it  may  be  said  that  a  large  excess  of  such  reagents  yields  low 
results,  but  a  slight  excess  does  no  harm.  The  hydrolysis  taking  place 
in  the  reaction  itself  produces  potassium  hydroxide  from  the  potassium 
permanganate  in  sufficient  quantity  to  precipitate  one-third  of  the  cerium; 
consequently  it  is  only  necessary  to  add  sufficient  alkali  to  precipitate  a 
little  more  than  two-thirds  of  the  cerium.  This  is  not  the  case,  however, 
if  the  neutralizing  agent  contains  a  nonvolatile  radical. 

Borax  Series. — A  satisfactory  neutralizing  agent  was  fotmd  in  a  saturated 
solution  of  borax.  This  reagent  possesses  the  added  advantage  that 
when  it  is  used  in  excess  no  serious  low  errors  are  produced,  such  as  in- 
variably result  when  a  large  excess  of  sodium  carbonate  is  added. 

The  procedure  in  case  of  soluble  neutralizing  agents  was  as  follows: 
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30  cc.  of  the  standard  caium  solution  were  measured  into  an  Brlen- 
meyer  flask  and  diluted.  A  saturated  solution  of  borax  was  gradually 
added  with  stirring  until  all  of  the  cerium  had  been  precipitated  and  the 
solution  was  alkaline  to  litmus.  The  solution,  which  then  had  a  volume 
of  about  no  CO.,  was  titrated  with  the  standard  potassium  permanganate. 
Most  of  the  permanganate  was  added  in  the  cold.  The  titration  was 
finished  hot,  and  the  permanency  of  the  end  point  was  assured  by  boiling 
for  a  moment. 

Tablb  VI. 

Data  showing  the  results  of  adding  boraz  before  permangantate.    0.3026  g.  Ce  taken. 

Ce  found,  g.:    0.3020;  0.3016;  0.3014;  0.3014;  0.3016. 

Table  VII. 
Data  showmg  the  effect  of  adding  most  of  the  permanganate  before  adding  borax  and 

finishing  hot.    0.1630  g.  Ce  taken. 
Oe  found,  g.:  0.1628;  0.1626;  0.1626;  0.1626;  0.1624;  0.1626;  0.1626;  0.1624;  0.1627. 

Sodium  Bicarbonate  Series. — ^With  sodium  bicarbonate  as  a  neutral- 
izing agent  the  best  results  are  obtained  when  a  sufficient  quantity  is 
added  to  precipitate  at  least  two-thirds  of  the  ceritun.  It  is  not  neces- 
sary to  render  the  solution  alkaline  to  litmus  at  the  beginning  of  the 
titration.  In  other  respects  the  procedure  is  the  same  as  when  borax  is 
added. 

Table  VIII. 
Data  showing  the  results  obtained  by  adding  sodinm  bicarbonate  before  permanganate. 

0.3026  g.  Ce  taken. 
Ce  found,  g.:    0.3013;  0.3015;  0.3009;  0.3019;  0.3010. 

Tablb  IX. 

Data  showing  results  obtained  by  the  addition  of  most  of  the  permanganate  before 

the  sodium  bicarbonate.    0.3260  g.  Ce  taken. 

Ce  found,  g.:    0.3263;  0.3262;  0.3260;  0.3261;  0.3261;  0.3261;  0.3263;  0.3265. 

Sodium  Carbonate  Series. — ^A  number  of  determinations  were  also  made, 
using  a  io%  solution  of  sodium  carbonate  as  a  neutralizing  agent.  In 
this  case,  as  with  sodium  bicarbonate,  an  excess  of  the  reagent  should 
be  avoided.  The  amount  required  to  precipitate  about  two-thirds  of 
the  ceritun  gives  the  best  results.  The  solution  will  then  be  slightly 
alkaline  to  litmus  at  the  end  of  the  titration. 

Tablb  X. 

Data  showing  the  results  obtained  by  the  use  of  sodium  carbonate.    0.3026  g.  Ce  taken. 

Ce  found,  g.:    0.3014;  0.3016;  0.3016;  0.3014;  0.3010. 

Alkaline  Hydroxides.— When  the  fixed  alkali  hydroxides,  sodium 
hydroxide  and  potassitun  hydroxide,  or  barium  hydroxide,  were  intro- 
duced as  neutralizing  agents,  low  results  and  indistinct  end  points  were 
invariably  obtained. 

Addition  of  Other  Substances. — ^The  following  reagents  were  also 
tried  and  found, to  be  unsuitable  in  this  titration:  sodium  acetate,  sodium 
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silicate,  sodium  pliosphate  (tribasic),  disodium  phosphate,  sodium  tungs- 
tate,  and  sodium  arsenate. 

Conclusions. 

It  has  been  shown  that  when  cerium  is  titrated  by  means  of  potassium 
permanganate,  zinc  oxide  or  magnesium  oxide  are  the  best  neutralizing 
agents.  Fairly  good  results  may  also  be  obtained  by  using  borax  or 
soditmi  bicarbonate,  while  sodium  carbonate,  though  yielding  fair  results, 
is  still  less  satisfactory.  The  other  reagents  worked  with  are  unsatis- 
factory so  far  as  accurate  results  are  concerned. 

It  has  been  shown  that  under  proper  conditions,  the  method  is  capable 
of  giving  very  acctu-ate  results. 

The  method  is  also  suitable  for  the  determination  of  trivalent  cerium 
in  the  presence  of  tetravalent  cerium. 

Madison.  Wisconsin. 


[Contribution  prom  thb  T.  Jefperson  Cooudgb,  Jr.,  Chemical  Laboratory  of 

Harvard  College.] 

CHANGES  IN  VOLUME  UPON  SOLUTION  IN  WATER  OF  THE 
HALOGEN  SALTS  OF  THE  ALKALI  METALS.    H. 

Bv  Grsoorv  Paul  Baxtsk  and  Curtis  Clayton  Wallacs. 
Received  November  15,  1915. 

In  earlier  papers^  data  were  given  for  the  changes  in  volume  upon  solu- 
tion in  water  of  the  chlorides,  bromides  and  iodides  of  lithium,  sodium  and 
potassium  at  various  concentrations,  and  by  the  use  of  these  data,  together 
with  a  few  observations  upon  rubidium  and  caesium  halides  by  Buchanan, 
a  tentative  hypothesis  was  proposed  as  to  the  reasons  for  the  direction  and 
magnitude  of  the  observed  effects.  At  the  time  when  the  earUer  paper 
was  published  the  desirability  was  evident  of  additional  data  covering 
wider  ranges  of  concentration  and  different  temperatures,  as  well  as  the 
examination  of  other  salts  and  other  solvents.  In  the  present  paper  are 
presented  new  data  for  the  halogen  salts  of  all  five  alkali  metals,  covering 
nearly  all  concentrations  from  saturation  down,  for  temperatures  be- 
tween o°  and  either  50°,  70*'  or  100°. 

The  experimental  method  was  in  outline  as  follows :  A  weighed  amount 
of  salt  was  dissolved  in  nearly  a  minimum  quantity  of  water  and  the  volume 
of  the  solution  was  adjusted  to  a  mark  in  a  50  cc.  flask  at  the  highest 
temperature  employed.  The  flask  was  then  cooled  to  room  temperature 
and  weighed.  The  adjusting  of  the  volume  and  weighing  were  then  carried 
out  at  several  lower  temperatures.  Next  the  solution  was  transferred 
quantitatively  to  a  100  cc.  flask  and  the  operations  were  repeated  at  the 
same  temperatures,  beginning  with  the  highest.  Then  250  cc,  500  cc. 
*  Baxter,  Boylston,  Mueller,  Black  and  Goode,  Tms  Journal,  23,  901  {191.1); 
Baxter,  Ibid.,  23,  922  (191 1). 
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and  1000  cc.  flasks  were  used.  Prom  tfae  volumes  ci  the  flasks,  and  the 
volumes  of  the  water  and  salt  employed,  the  change  in  vcdume  may  be 
calculated  for  each  solution  at  each  temperature.  These  new  data  dupli- 
cate the  earlier  results  only  at  25^,  and  at  this  temperature  they  cover 
wider  ranges  of  concentration  and  include  six  new  salts,  the  halides  of 
rubidium  and  caesium. 

Apparatus* 
The  Flasks. — These  were  ordinary  graduated  flasks,  the  necks  of  which 
had  been  constricted  at  the  point  of  graduation  to  secure  greater  ac- 
curacy in  setting.  The  minimum  interior  diameter  of  the  constric- 
tion varied  from  about  3  mm.  with  the  50  cc.  flask  to  6  mm.  with  the  1000 
€c.  flask.  The  voltunes  of  these  flasks  at  the  different  temperatures 
were  determined  by  finding  the  water  content.  In  order  to  do  this, 
after  the  flask  had  been  weighed  dry  and  empty,  it  was  filled  with  water 
and  immersed  in  a  water  thermostat  long  enough  to  ensure  constant 
temperature.  This  period  was  in  practise  usually  as  long  as  two  or  three 
hours,  although  with  the  smaller  flasks  so  long  a  period  was  really  tmneces- 
sary.  Constancy  in  the  position  of  the  meniscus  was  considered  to  in- 
dicate that  the  flask  cmd  contents  had  reached  the  temperature  of  the 
bath.  Before  the  volume  of  the  water  was  finally  adjusted,^  the  neck  of 
the  flask  was  dried  by  aspirating  air  through  the  upper  portion.  The 
flask  was  then  stoppered,  cooled  or  warmed  to  room  temperature,  usually 
rapidly  by  immersion  in  water,  cleansed  and  dried  on  the  outside,  and 
finally  weighed.  From  the  apparent  wei^ts  of  water  the  volumes  were 
calculated  by  multipl3nng  by  the  following  factors: 

o*  25**  50.04**  70.19**  100** 

I. 00x191  I. 004001  1.01316  1.02389  1.04454 

the  densities  of  water^  being  assumed  to  be  at 

o®  25**  50.04®  70.19**  100" 

0.999868  0.997071  0.98805  0.97771  0.95838 

As  is  to  be  expected,  owing  to  the  prolonged  contact  with  water  or 
aqueous  solutions,  the  weights  of  the  empty  flasks  slowly  decreased  with 
time.  In  one  year  the  50  cc.  flask  lost  in  weight  6  mg.,  the  1000  cc.  flask 
37  mg.,  and  the  others  in  proportion.  Since  a  considerable  percentage 
of  these  losses  must  have  occurred  on  the  outside  of  the  flask,  the  change 
in  the  cubical  content,  owing  to  solution  of  the  glass,  could  hardly  have 
exceeded  o.oi  cc.  even  with  the  largest  flask.  On  the  other  hand,  the 
volumes  of  the  flasks,  which  were  subjected  to  three  careful  standardiza- 
tions at  intervals  of  several  months,  seemed  to  show  at  first  a  perceptible 
*  The  final  reading  was  always  made  with  the  stopper  of  the  flask  removed,  for 
the  insertion  of  the  stopper  frequently  produces  enough  pres.stire  to  alter  the  position 
of  the  meniscus. 

*  Landolt-Bdmstein-Roth,  "Tabcllen,"  1912. 
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increase  owing,  apparently,  to  readjustment  of  the  glass  itself  at  the 
higher  temperatures.  This  change  amounted  to  about  0.005  cc-  ui  th% 
50  cc.  flask  and  to  about  0.05  cc.  in  the  liter  flask.  In  using  the  flasks 
the  value  obtained  in  the  standardization  nearest  in  point  of  time  to  the 
experiment  was  used. 

The  cubical  coefficients  of  expansion  of  the  different  flasks  were  found 
to  be  essentially  the  same,  and  to  increase  slightly  with  rising  temperatture. 
The  following  table  gives  these  values : 

25CC.1  50  cc.  100  cc.  250  cc.  500  cc.  1000  oc  Avenge. 

70. 19-50. 04*"   0.O4311  o.o«35  0.O4310  o.o«300  o.o«33i  0.0*315  o.o«3i8 

50.04-35.00''            283  29  278  283  280  289  284 

25.00-  0.00**            290  28  294  291  273  288  286 

The  flasks  were  always  weighed  by  substitution,  the  25  cc.  and  50  cc, 
flasks  upon  an-ordinary  anal3rtical  balance  sensitive  to  o.i  mg.,  the  larger 
flasks  on  a  balance  sensitive  to  i  mg.  with  a  load  of  i  kg.  All  the 
weights  were  standardized  by  the  substitution  method  described  by 
Richards.' 

The  Thermostats. — ^The  thermostats  were  controlled  by  large  mercury- 
toluene  regulators  which  had  two  fingers  well  separated.  Heat  was  sup- 
plied only  by  incandescent  electric  light  bulbs  in  the  25^  bath.  In  thft 
5o^  70^  and  100^  baths  small  gas  flames  below  the  baths  furnished  the 
greater  part  of  the  necessary  heat,  while  the  fijier  adjustment  of  tempera- 
ture was  effected  by  incandescent  electric  light  bulbs  controlled  by  the 
reg^ulator.  The  baths  were  thoroughly  stirred  by  four-inch  fan  propellers 
and  were  insulated  by  several  thicknesses  of  asbestos  paper.  The  baths 
contained  distilled  water  except  in  the  case  of  the  100^  bath  which  was 
filled  with  concentrated  calcium  nitrate  solution.  The  o^  bath  was 
obtained  by  using  distilled  water  with  a  large  amotmt  of  washed 
cracked  ice. 

No  appreciable  differences  in  temperature  could  be  detected  in  different 
parts  of  the  various  baths.  The  o^  and  25  ^  baths  remained  constant  within 
0.01  **  at  all  times.  The  50**  and  70**  baths  were  somewhat  less  so,  but  the 
fluctuations  were  never  more  than  a  few  hundredths  of  a  degree.  These 
fluctuations  could  have  had  a  perceptible  effect  only  in  the  case  of  the 
larger  flasks.  But  there  the  large  quantity  of  material  Would  respond  so 
slowly  to  fluctuations  that  these  must  have  been  largely  compensated. 
The  100°  bath  was  much  less  satisfactory,  and  could  not  be  depended 
upon  to  remain  constant  within  less  than  o.i**. 

The  thermometers  were  caUbrated  to  hundredths  of  a  degree  by  com- 
parison with  one  standardized  by  the  Physikalish-Technische  Reichsan 
stalt,  correction  being  made  in  the  usual  way  for  exposed  thread. 

^  This  flask  was  used  in  work  described  in  a  subsequent  paper  to  appear  in  the 
February  number  of  This  Journal. 
'  This  Journal,  aa,  144  (1900). 
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Porificatian  d  Materials. 

The  usual  processes  of  distillation  and  crystallization  were  employed 
in  the  preparation  of  the  pure  salts  and  the  reagents  used  in  their  prepara- 
tion. W(Uer  was  doubly  distilled,  once  from  alkaline  permanganate, 
once  from  very  dilute  sulfuric  add  with  the  use  of  tin  condensers.  Nitric 
acid  was  distilled  through  a  platintun  condenser  with  rejection  of  the  first 
third  of  the  distillate.  Constant  boiling  hydrochloric  acid  was  distilled 
through  a  quartz  condenser.  In  order  to  eliminate  chlorine,  bromine 
was  distilled  from  solution  in  concentrated  aqueous  potassium  bromide. 
A  portion  of  the  product  was  converted  into  potassium  bromide  by  addi- 
tion to  a  solution  of  recrystallized  potassium  oxalate,  and  the  remainder 
was  distilled  a  second  time  from  solution  in  this  pturer  potassium  bromide. 
.Iodine  was  expelled  from  bromides  made  from  this  bromine  by  boiling 
the  aqueous  solutions  with  an  excess  of  bromine.  Hydrobromic  add 
was  prepared  by  passing  thoroughly  washed  hydrogen  sulfide  gas  into 
the  purified  bromine  covered  with  water.  The  solution  was  mechanically 
separated  from  the  bromide  of  sulfur,  and  the  sulftuic  acid  formed  in  the 
reaction  was  precipitated  by  barium  hydroxide.  After  filtration  the  add 
was  doubly  distilled  with  rejection  of  extreme  fractions  Iodine  was  freed 
from  chlorine  and  bromine  by  one  distillation  from  concentrated  aqueous 
potassium  iodide.  The  product  was  washed  with  water  and  once  dis* 
tilled  with  steam.  From  this  iodine  hydriodic  acid  was  prepared  by  re- 
duction with  thoroughly  scrubbed  hydrogen  sulfide  in  the  presence  of 
much  water.  After  the  predpitated  sulfur  had  been  coagulated  by  heat- 
ing, it  was  removed  by  filtration  and  the  solution  was  freed  from  sulfur 
compounds  and  hydrocyanic  add  by  long  continued  boiling. 

To  prepare  lithium  chloride,  the  commerdal  carbonate  was  thoroughly 
washed  with  water  and  then  dissolved  in  hydrochloric  acid,  a  slight  ex- 
cess of  carbonate  being  used  to  predpitate  basic  impurities.  After  the 
solution  had  been  boiled  and  filtered,  a  slight  excess  of  add  was  added 
and  the  chloride  was  three  times  crystallized,  twice  in  a  quartz  dish, 
once  in  platinum.  In  these  crystallizations,  and  in  all  others,  very  effident 
centrifugal  drainage  in  platinum  Gooch  crucibles  was  employed. 

The  lithium  carbonate  used  in  making  lithium  bromide  was  more  care- 
fully freed  from  alkali  metals  at  the  start.  It  was  first  dissolved  in  nitric 
add.  The  solution  was  boiled  with  an  excess  of  carbonate  and  filtered, 
addified  with  nitric  add  and  the  salt  was  twicfe  crystallized.  The  nitrate 
was  now  converted  to  carbonate  by  fusion  in  a  platinum  dish  with  four 
equivalents  of  twice  crystallized  oxalic  acid.'  Since  the  product  was 
found  to  be  free  from  both  nitrate  and  oxalate,  the  carbonate  was  then 
dissolved  in  an  excess  of  hydrobromic  add  in  a  quartz  dish.  After  the 
solution  had  been  boiled  and  filtered,  the  salt  was  twice  crystallized. 
»  Wells,  Am  Chem.  /.,  26,  265  (1891). 
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Lithium  iodide  was  prepared  by  disserving  washed  lithimn  carbotiate 
in  the  pure  hydriodic  acid  solution,  boiling  the  solution  with  an  excess 
of  carbonate,  filtering,  acidif3dng  with  hydriodic  add  and  crystallizing. 
Owing  to  slight  decomposition  of  lithitun  iodide  in  concentrated  aqueous 
solution,  the  salt  and  its  solutions  were  colored  faintly  yellow  with  a 
very  small  amount  of  free  iodine. 

C.  p.  sodium  chloride  was  twice  precipitated  from  aqueous  solution  in 
a  quartz  dish  by  conducting  hydrochloric  acid  gas  to  the  surface  of  the 
solution  through  a  quartz  tube.  The  gas  was  generated  by  boiling  c.  p. 
fuming  acid. 

To  prepare  sodium  bromide,  sodium  carbonate  was  freed  from  impurities 
by  three  crystallizations  in  platinum.  The  carbonate  was  convoked  to 
oxalate  by  means  of  a  slight  excess  of  twice  crystallized  oxalic  add,  and  . 
the  oxalate  to  bromide  by  an  excess  of  bromine  which  had  been  freed  from 
chlorine  as  already  described.  The  latter  reaction  was  brought  to  com- 
pletion by  protracted  boiling  in  a  quartz  flask.  During  this  boiling  any 
iodine  contained  originally  by  the  bromine  must  have  been  expelled. 
No  test  for  oxalate  could  be  obtained  in  the  solution  by  the  addition  of 
caldum  chloride.  Tke  solution  was  next  evaporated  to  dryness  and  fused 
in  a  platinum  dish.  The  residue  was  dissolved  in  water,  the  solution  was* 
filtered  and  the  salt  was  twice  crystallized  in  platinum. 

Sodium  iodide  was  prepared  from  the  pi^e  sodic  carbonate  exactly  as 
with  the  bromide.  The  reaction  of  the  oxalate  with  iodine  runs  much 
more  slowly  than  that  with  bromine,  so  that  prolonged  boiling  with  an 
excess  of  iodine  in  the  quartz  flask  was  necessary. 

Potassium  chloride,  bromide  and  iodide  were  prepared  exactly  as  the 
soditun  salts,  except  that  the  starting  point  for  the  bromide  and  iodide 
was  recrystallized  potassium  oxalate. 

Merck's  rubidium  chloride  was  three  times  recrystallized  from  aqueous^ 
solution,  the  solubility  of  the  salt  being  much  diminished  by  saturating^ 
the  solution  with  hydrochloric  add  gas.  The  final  mother  liquor,  when 
tested  spectroscopically,  was  foimd  to  contain  only  very  small  amounts 
of  all  the  other  alkali  metals. 

The  bromide  and  iodide  of  rubidium  were  prepared  from  the  purified 
chloride  as  follows:  The  chloride  was  converted  to  nitrate  by  protracted 
boiling  with  a  large  excess  of  nitric  add  in  a  quartz  flask.  Then  the  nitrate 
was  mixed  with  fom*  equivalents  of  oxaUc  add  and  the  mixtiure  was  fused 
in  a  platinum  dish.  The  resulting  carbonate  was  neutralized  with  oxalic 
add  and  the  oxalate  was  converted  into  bromide  and  iodide  as  in  the  cases 
of  the  corresponding  salts  of  sodium  and  potassium. 

We  are  very  greatly  indebted  to  Professor  H.  L.  Wells,  of  Yale  Univer- 
sity, who  kindly  loaned  us  200  g.  of  very  pure  caesium  nitrate  for  preparing^ 
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the  caesium  halides.  The  caesium  nitrate  was  converted  to  chloride  by 
ptxdonged  boiling  in  a  quartz  flask  with  continual  addition  of  redistilled 
hydrochloric  add.  The  solution  was  next  evaporated  to  dryness  in  a 
platinuna  dish  and  the  caesium  chloride  was  fused.  Then  the  residue 
was  dissolved,  the  solution  was  filtered  and  the  salt  twice  crystallized. 
To  obtain  the  bromide  and  iodide  of  caesium  the  nitrate  was  ground  with 
four  equivalents  of  pure  oxalic  add  and  the  mixture  was  fused  in  a  platinum 
dish.^  The  resulting  carbonate  was  dissolved  in  a  slight  excess  of  pure 
hydrobromic  or  hydriodic  acid,  the  solutions  were  evaporated  to  dryness 
and  the  residues  were  fused  in  a  platinum  dish.  After  solution  of  the 
residues  in  water  and  filtration,  the  salts  were  twice  crystallized  from 
aqueous  solution  in  platinum  vessels. 

Preparation  of  the  Salts  for  Weighing. 

Espedal  pains  were  taken  in  drying  the  salts  before  weighing  them  in 
preparation  for  making  up  the  solutions.  The  chlorides,  with  the  excep- 
tion of  lithium  chloride,  were  fused  in  a  wdghed  platinum  crudble,  and 
the  crudble  and  contents  were  weighed.  Treated  in  this  way  the  salts 
do  not  become  appreciably  basic.  Since  the  bromides  and  iodides  of  the 
alkalies  become  somewhat  basic  when  fused  in  air,  these  salts  instead  were 
dried  without  fusion.  The  salts  were  first  heated  for  two  hours  in  an  dec- 
trie  air  bath  at  250°.  Next  they  were  powdered  by  gentle  grinding  in 
an  agate  mortar,  and  again  were  heated  to  250®  for  two  hoiu's.  After  a 
second  grinding,  a  suitable  amount  of  salt  was  placed  in  a  weighed  platinum 
crucible  and  heated  for  a  third  period  of  two  hours  at  250°.  Then  the 
crucible  with  its  contents  was  cooled  and  weighed.  Salts  when  treated 
in  this  way  gave  essentially  neutral  solutions. 

Since  neither  of  the  foregoing  methods  is  applicable  to  the  halides  of 
lithiiun,  both  because  they  become  deddedly  basic  when  fused  in  the  air 
and  because  of  the  hygroscopic  nature  of  the  dry  salts,  instead  of  weigh- 
ing the  salts,  the  halogen  content  of  the  most  dilute  solution  was  found 
by  predpitation  with  silver  nitrate  and  weighing  the  silver  halide.  This 
was  done  by  weighing  out  in  small  flasks  portions  of  the  solution,  diluting 
to  one  liter  in  large  glass-stoppered  Erlenmeyer  flasks,  and  adding  a  dilute 
solution  of  a  slight  excess  of  silver  nitrate  containing  much  free  acid. 
After  coagulation  by  occasional  shaking,  the  silver  halide  was  washed  by 
decantation  and  collected  on  a  weighed  platinum  sponge  crucible.  Di- 
lute silver  nitrate  solution  was  used  in  washing  the  silver  chloride,  very 
dilute  nitric  acid  for  the  silver  bromide  and  iodide.  Finally,  however, 
all  three  salts  were  rinsed  in  the  crudbles  with  ice-cold  distilled  water. 
The  crudbles  and  contents  were  dried  for  at  least  four  hours  at  250°  be- 
fore being  weighed. 

>  Wells.  Loc.  ciL 
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Method  of  Procedure. 

The  method  of  conducting  a  series  of  experiments  to  find  the  change 
in  volume  during  solution  was  as  follows:  A  sufficient  quantity  of  salt 
to  prepare  a  very  nearly  saturated  solution  at  25^  was  dried  as  [Ireviously 
described-  Then  it  was  dissolved  in  a  minimum  amount  of  hot  water 
and  transferred  to  the  50  cc.  flask  through  a  funnel  with  a  capillary  stem 
long  enough  to  extend  through  the  constricted  portion  of  the  neck  of  the 
flask.  In  order  to  prevent  the  salt  from  crystallizing  and  clogging  the 
capillary,  the  bulb  of  the  flask  and  greater  portion  of  its  neck  were  im- 
mersed in  a  bath  of  hot  water.  The  crucible  was  rinsed  many  times  with 
small  portions  of  hot  water  and  the  rinsings  were  transferred  to  th^  flask. 
If  the  flask  was  not  already  nearly  full,  it  was  filled  to  the  neck  (but  not 
to  the  graduation)  and  gently  agitated  imtil  the  solution  was  homogeneous. 
Then  it  was  immersed  very  nearly  to  the  graduation  in  the  thermostat 
at  the  highest  temperatm-e  to  be  employed.  When  the  solution  had  very 
nearly  reached  the  temperature  of  the  thermostat,  water  was  added  nearly 
to  the  graduation  and  the  solution  was  again  well  agitated  without  wetting 
the  neck  of  the  flask  above  the  graduation.  Finally,  the  volume  of  the 
solution  was  adjusted  exactly  to  the  graduation  by  adding  water  slightly 
above  the  graduation  and  evaporating  the  excess  of  water  in  a  current  of 
air.  If  the  flask  was  not  already  at  25**  it  was  stoppered  and  transferred 
to  the  bath  at  that  temperature  in  preparation  for  weighing.  The  outside 
of  the  flask  was  cleansed,  usually  with  the  use  of  very  dilute  ammonia, 
and  after  being  wiped  with  a  damp  cloth,  to  avoid  creating  eleetrical 
charges,  the  flask  was  left  in  the  balance  case  for  one-half  hour  before 
being  weighed  by  substitution.  The  empty  dry  flasks  were  always  treated 
and  weighed  in  a  similar  fashion  before  each  series  of  experiments.  Some 
difficulty  was  experienced  from  the  appearance  of  minute  bubbles  on  the 
inside  of  the  flask  when  filled  with  solutions.  These  bubbles  were  so  small 
and  adhered  so  tenaciously  that  tapping  the  flask  sharply  was  never 
sufficient  entirely  to  remove  them.  By  the  use  of  water  which  had  been 
freshly  boiled  in  a  Jena  glass  flask,  together  with  sharp  tapping  with  a 
glass  rod  it  was  possible  to  prevent  the  difficulty. 

As  soon  as  the  flask  had  been  filled  and  weighed  at  the  highest  tempera- 
ture employed,  the  operations  were  repeated  at  the  lower  temperatures 
in  succession.  After  the  experiment  at  o**  had  been  completed  the  con- 
tents of  the  flask  were  quantitatively  transferred  to  the  flask  next  larger 
in  size.  The  volume  was  adjusted  and  the  solution  was  weighed  at  the 
same  temperattu-es,  beginning  with  the  highest  one.  If,  as  sometimes 
happened,  the  salt  began  to  crystallize  before  the  lowest  temperature  was 
reached  with  the  most  concentrated  solution,  the  whole  was  immediately 
transferred  to  the  flask  next  larger  in  size. 

In  the  first  series  of  determinations  with  rubidium  chloride  at  25°, 
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and  with  potassium  chloride  and  lithium  iodide  at  various  temperatures, 
duplicate  determinations  were  made,  but  since  the  results  obtained  in 
these  ejcperiments  always  lay  along  a  smooth  curve,  with  the  other  salts 
only  one  series  of  experiments  was  considered  necessary. 

The  computation  of  the  change  in  volume  during  solution  was  carried 
out  as  follows :  First,  the  weight  of  salt  was  corrected  to  vacuum  by  adding 
the  following  vacuum  corrections^  per  gram  of  substance: 

a.  Br.  I. 

s.  g'  g. 

Ag 0.00007  0.00004  0.00007 

Na 0.00042  0.00025  0.00019 

K 0.00046  0.00030  0.00024 

Rb 0.00029  0.00023  0.00021  ^ 

Cs 0.00018  0.00013  0.00013 

To  correct  the  weight  of  the  solution  to  vacuum  was  not  always  easy, 
for  only  when  the  voluane  of  the  solution  was  adjusted  at  25**  was  the 
volume  at  the  time  of  weighing,  and  hence  the  density,  accurately  known. 
When  the  volume  was  adjusted  at  a  higher  or  at  a  lower  temperatture 
the  method  finally  adopted  for  finding  the  density  at  room  temperature 
was  to  divide  the  weight  of  the  solution  by  the  voluane  occupied  at  25** 
by  tlie  water  content  of  the  flask  at  the  temperature  in  question.  This 
method  assumes  the  same  rate  of  expansion  and  contraction  with  the 
temperature  for  the  solutions  and  for  water.  But  in  the  more  concen- 
trated solutions,  where  this  assumption  is  less  nearly  true,  the  vacuum 
correction  is  a  much  smaller  percentage  of  the  whole  than  in  the  less  con- 
centrated solutions  which  resemble  water  more  nearly. 

To  find  the  weight  of  water  in  the  solution  the  weight  of  salt  corrected 
to  vacumn  is  subtracted  from  the  weight  of  solution  corrected  to  vacuum. 

The  volume  of  the  salt  was  found  from  the  densities  determined  directly 
as  described  in  a  subsequent  paper  to  appear  in  the  February  issue  of 
Tms  Journal  or  calculated  from  the  cubical  coefficient  of  expansion.  Since 
the  cubical  coefficient  of  expansion  of  lithium  halides  has  not  been  deter- 
mined, the  assumption  was  made  that  these  salts  are  not  far  different  in  this 
respect  from  the  corresponding  sodium  salts.  This  assumption  seems  war- 
ranted since  the  coefficients  of  expansion  of  all  the  chlorides  examined  are 
nearly  the  same,  and  this  is  also  the  case  for  bromides  and  iodides.  The 
volume  of  the  water  was  computed  from  the  weight  by  means  of  the  densities 
given  on  page  78.  The  difference  between  the  sum  of  the  volumes  of  the 
salt  and  the  water  and  the  voltune  of  the  flask  is  the  change  in  volume. 

In  Table  III  are  given  the  data  for  each  experiment  as  well  as  the  com- 
puted change  in  volume  per  gram  of  salt  and  per  gram  molecule  of  salt. 
The  absolute  densities  of  the  solutions  also  are  included,  although  they 
play  no  part  in  the  necessary  computations.  No  experiments  are  omitted 
1  Pound,  except  in  the  case  of  the  silver  salts,  from  the  densities  given  on  page  78. 
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from  this  table  except  three  series  known  to  have  been  made  with  impure 
water.  Following  the  tables  are  curves  showing  change  in  volume  during 
solution  per  gram  of  salt  at  different  gram  molecular  concentrations. 
In  these  curves  the  change  in  volume  in  cubic  centimeters  per  gram  of 
salt  is  plotted  vertically  against  the  concentration  in  mols  per  liter  hori- 
zontally. 

It  must  be  obvious  that  these  curves  furnish  a  very  accurate  means 
of  computing  the  density  of  any  solution  of  any  of  the  salts  at  any  tempera- 
ture between  the  extremes.    The  density  of  the  solution  is  equal  to 

weight  of  solution    _   weight  of  water  +  weight  of  salt 
volume  of  solution         volume  of  water  +  volume  of  salt 

^  change  in  volume  during  solution 

If  the  percentage  composition  is  known  {i.  e.,  the  weights  of  water  and 
salt)  the  volume  of  water,  voltune  of  salt  and  approximate  change  in  volume 
during  solution  can  be  calculated,  and  thus  the  approximate  volume  of 
the  solution.  From  the  weight  of  salt  and  approximate  volume  of  the 
solution  the  concentration  is  given  nearly  enough  so  that  the  exact  change 
in  volume  may  be  found  from  the  curves.  In  case  the  temperature  in 
question  does  not  correspond  to  any  one  of  the  curves,  by  plotting  change 
in  ^volume  for  the  given  concentration  at  the  different  temperatures, 
against  temperatm-e,  the  value  for  the  desired  temperatm-e  may  be  ob- 
tained. In  case  concentration  is  known  at  the  outset  (i.  e,,  weight  of 
salt  and  volume  of  solution)  there  can  be  calculated  in  order:  change  in 
volume  dtuing  solution,  volume  of  salt,  volume  of  water,  weight  of  water 
and  density  of  solution. 

Table  I. 


Sp.  «r. 
70.19V4'. 


NaCl 

NaBr 3 

Nal 

KCl I 

KBr 

KI • 

RbCl 

RbBr 

Rbl 

CsCl 3 

CsBr 4 

Csl 4 

LiCl 2 

LiBr 3 

Lil 4 


1861 


978 


952 

4061 

480* 

059* 

446* 

038* 


50.04V4*. 
2.156 
3.194 
3.653^ 
1. 981 
2.740 
3. "4 
2.792 

3.340 
3.542 
3.961 
4.418 

4.493 
2.063* 

3.454' 
4.048* 


25.00^4«». 
2. 161 
3.203 
3.665 
1.987 
2.749 
3.123 
2.798 
3.349 
3.550 
3.974 
4.433 
4.509 
2.068 

3.464 
4.061 


Sp.  gr. 

O.00V4^ 

2.168 

3.213 

3.677' 

1.992 

2.756 

3-133 

2.806 

3.358 

3.560 

3.988 

4.449 

4.525 

2.073* 

3.474' 

4.074' 


Cubical  coeff.  of 
expansion,  25^-50*. 

0.000106 

0.000x19 

0.000136 

O.OOOII7 

0.000125 

O.OOOII4 

0.000082 

O.OOOIOI 

0.000092 

0.000136 

0.000137 

0.000146 

O.OOOIO* 

0.00012*  . 
O.OOOI3* 


I  Calculated  from  coefficient  of  expansioiu 
the  February  issue  of  This  Journal. 
'  Assumed. 


See  a  subsequent  paper  to  appear  in 
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The  weight  of  salt  could  be  determined  within  a  milligram  without  the 
least  diffictilty,  but  the  accuracy  in  weighing  the  solutions  diminished 
with  increasing  dilution.  The  weight  of  the  50  cc.  flask  and  contents  is 
probably  accurate  to  one  milligram  in  every  case,  but  the  weight  of  the 
1000  cc.  flask  and  contents  is  certainly  not  fixed  more  accurately  than 
within  o.oi  g.,  although  even  this  represents  only  o.ooi%  in  the  weight 
of  the  solution.  The  accuracy  with  which  the  solutions  were  weighed 
obviously  corresponds  to  an  accuracy  in  meastuing  the  change  in  volume 
during  solution  of  about  0.001  cc.  with  the  smallest,  and  of  about  o.oi 
cc.  with  the  largest  flasks.  That  is,  the  change  in  volume  was  found  about 
ten  times  more  accurately  with  the  smallest  than  with  the  largest  flask. 

Tabi«b  II. — Analyses  of  Iatbivu  TLaudz  Solutions. 
All  weights  reduced  to  vacutun  standard. 

Sah. 

UCl 1017.65 


LiBr. 


lAl 1041.89 


Total  wt. 
of  8oln. 
Grams. 

Wt.of 
sample. 
Grams. 

wt.  of       wt.  of  Uthium  halide 
silver  hafide.        in  orig.  soln. 
Grams.                 Grams. 

1017.65 

50  833 

4.8923 

28.973 

50.930 

4.9026 

28.971 

50.941 

4.9028 

28  972 

Average, 

28.972 

969.74 

50.412 

2.0710 

11.785 

50.390 

2.0705 

11.787 

• 

Average, 

11.786 

1041.74 

52.087 

6.1275 

56.680 

52.165 

6.1363 

56.676 

52.141 

6.1338 

56.679 

Average, 

56.678 

1041.89 

26.043 

2.4358     • 

55.555 

26.046 

2.4360 

55.556 

Average, 

55.556 

1038.36 

25.941 

2.2237 

50.744 

25. 9" 

2.2222 

50.768 

25.928 

2.2215 

50.720 

Average,  50.744 
To  prepare  the  most  dilute  LiCl  solution,  490.45  g.  were  diluted  to  the 
volume  of  the  liter  flask,  which  therefore  contained  13.963  g.  of  salt. 

To  prepare  the  most  dilute  LiBr  solution,  536.50  g.  were  diluted  to  the 
volume  of  the  liter  flask,  which  therefore  contained  29.190  g.  of  salt. 

The  following  results  are  in  good  agreement  with  those  previously  ob- 
tained, the  only  differences  of  importance  occurring  where  new  values  for 
the  specific  gravities  of  the  solid  salts  are  employed,  as  in  the  case  of 
sodium  bromide. 
The  noticeable  features  of  the  tables  and  curves  seem  to  be  as  follows: 
Lithium  and  cesitun  halides  in  general  produce  expansion  during  solu- 
tion. Lithium  chloride  is  the  exception,  but  at  high  concentrations  and 
temperatures  between  25^  and  50^  even  this  salt  produces  expansion. 
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Sodium  and  potassium  chlorides  produce  the  greatest  contraction  during 
solution,  between  o.i  and  0.2  cc.  per  gram  of  salt  except  at  the  highest 
temperatures  and  concentrations. 

With  the  other  salts  the  contractions  both  per  gram  and  per  gram 
molecule  vary  irregularly  between  fairly  narrow  limits,  at  25®  between 
0.02  and  0.09  cc.  per  gram  of  salt. 

In  the  case  of  salts  of  the  same  metal  with  diflferent  halogens,  the  con- 
traction is  always  greatest  with  chlorides  and  least  with  iodides.    The 
only  exception  to  this  rule  n^^^'^H 
in  the  earlier  paper,  sodiu 
mide,  has  disappeared  ov 
the  use  of  the  new  value 
density  of  the  solid  salt. 

In  general,  contracti< 
creases  and  expansion  dim 
with  increasing  dilution, 
increase  in  contraction  \v 
creasing  dilution  is  greater 
chlorides  and  least  with  i< 
It  is  also  noticeable  th 
rate  of  increase  is  greater 
lithiiun  chloride,  and  mu 
fcH"  rubidium  and  caesiiui 
rides  than  for  the  corresp 
salts  of  soditmi  and  pots 
Bromides  of  the  diflferent 
show  no  marked  diflferei 
the  rate  of  increase,  ai 
same  is  true  of  the  iodides 

Lithium  iodide  and  1 
bromide  in  very  concer 
solutions  at  25  ®  and  above 

increasing    expansion    with    in-  p. 

creasing  dilution. 

All  the  curves  seem  to  approach  the  horizontal  axis  with  increasing  con- 
centration, i,  e.,  in  most  cases  the  greater  the  change  in  volume,  the  steeper 
the  curve.  With  unlimited  solubility  necessarily  a  zero  value  for  change 
in  voltune  would  eventually  be  reached,  when  the  water  disappeared  from 
the  solution.  But  this  point  is  far  beyond  the  practical  limits  of  solu- 
bility even  with  the  most  soluble  salts. 

From  0°  to  50®  all  the  salts  examined  except  lithimn  chloride  and  up  to 
70®  most  of  the  salts  at  a  given  concentration  show  diminishing  contrac- 
tion or  increasing  expansion  with  rising  temperature.  In  the  case  of  both 
lithium  chloride  and  bromide,  however,  the  contraction  is  greater  at  70® 
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than  at  50°  and  with  lithium  chloride  it  is  least  at  25^  and  even  greater 
at  100^  than  at  o^.  Potassium  chloride  also  shows  greater  contraction 
at  100®  than  at  25**. 

In  the  earlier  paper  a  suggestion  was  advanced  as  to  the  causes  of  these 
varied  changes  in  volume  diuing  solution,  based  upon  the  hypothesis  of 
compressible  atoms  previously  proposed  by  T.  W.  Richards.  While 
the  earlier  paper  should  be  consulted  for  details,  the  main  feattures  of  the 
explanation  are  summed  up  below. 

It  was  pointed  out  that,  since  the  solution  of  salts  in  water  is  accompanied 
sometimes  by  an  increase,  sometimes  by  a  decrease  in  voltune,  at  least  two 
important  influences  must  be  at  work,  one  producing  expansion,  the*  other 
contraction.  Experimentally  the  resultant  of  the  combined  effects  is 
observed.    As  the  chief  cause  of  expansion,  it  was  suggested  that,  since 


Fig.  2. 

ihejormation  of  the  solid  salts  in  question  from  the  solid  or  liquid  elements 
is  accompanied  by  a  very  marked  contraction,  from  15%  with  lithium 
iodide  to  56%  with  caesium  chloride,^  the  dissociation  of  the  salts  during^ 
solution  should  tend  to  produce  a  corresponding  expansion.^ 

1  See  Table  V  on  page  96. 

*  In  a  paper  published  nearly  a  year  later  than  the  first  one  of  this  series,  Heyd- 
weiller  suggests  dissociation  as  a  cause  for  expansion  during  solution  but  without 
giving  any  idea  of  the  magnitude  of  the  effect  to  be  expected.  Ann.  Physik,  37,  762 
(1912). 
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As  the  chief  cause  of  contraction  was  proposed  the  combination  of  the 
Ions  and  the^molecules  with  water,  i,  e.,  ionic  or  molecular  hydration.^ 


Fig.  3. 

The  magnitude  of  this  eflfect  may  be  expected  to  vary  with  (i)  the  extent 
of  the  hydration,  i,  e.,  the  quantities  of  material  concerned,  (2)  the  magni- 
tude of  the  affinities  involved,  (3)  tlje  compressibiUties  of  the  metals  and 


Fig.  4. 
^  The  idea  of  compression  of  the  hydiated  substance  and  the  water  by  chemical 
combination  was  first  proposed  by  Richards  (Proc.  Amer.  Acad.,  37,  13  (1901)). 
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halogens,  and  of  the  water.  Furthermore  the  extent  of  the  hydration  is 
undoubtedly  not  constant  for  any  one  ionic  or  molectdar  species,  but  (4) 
increases  with  increasing  dilution  and  (5)  decreases  with  rising  tempera- 
ture. Since  in  addition  (6)  the  relative  proportions  of  ionic  and  molecular 
substances  vary  with  the  concentrations,  it  can  be  readily  seen  that  if 
the  contraction  is  due  wholly  or  in  large  part  to  hydration,  it  must  be 
a  very  complex  effect. 


It  was  further  pointed  out  that,  since  the  molecules  are  already  in  a  state 
of  great  compression,  the  effect  of  hydration  in  further  compressing  them 
must  be  smaJl.  For  this  reason,  if  for  no  other,  the  resultant  change  in 
voltmie  during  solution  produced  by  the  molecules  should  at  any  rate  be 
less  than  that  produced  by  the  ions.    Furthermore,  judging  from  the  fact 
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that  few  of  the  salts  in  question  form  solid  hydrates  at  ordinary  tempera- 
tures and  that  even  these  hydrates  are  not  particularly  stable,  the  molecular 
hydration  cannot  be  very  extensive  in  most  cases.  This  is  in  accord  with 
the  general  trend  of  all  the  curves  toward  low  values  for  change  in  volume 
as  the  concentration  increases, 
t.  e,,  as  the  proportion  of  salt  in 
the  molecular  condition  increases. 

It  was  also  shown  that  the 
effects  observed  in  fairly  dilute 
solution  are  in  accord  with  the 
compressibilities  of  the  elements 
involved  and  the  water,  the  rela- 
tive hydration  of  the  ions,^  the 
affinities  of  the  elements  for  each 
other  and  for  water,  and  the 
change  in  volume  during  the 
formation  of  the  solid  salt  from 
the  elements. 

It  was  emphasized  that  al- 
though the  varying  polymeriza- 
tion of  water  imdoubtedly  plays 
some  part  in  the  change,  it  cer- 
tainly is  not  the  determining  fac- 
tor, since  the  observed  effects  are 
not  in  accord  with  those  to  be 
expected  if  the  change  in  volume 
is  due  wholly  to  dianging  polym- 
erization of  the  water. 

An  interesting  comparison  of 
the  different  salts  was  obtained 
by  finding  the  algebraic  sum  of 
(a)  the  change  in  volume  in  the 
formation  of  the  solid  salt  from 
the  solid  or  liquid  elements,  and 

(6)  the  change  in  volume  during  solution.  This  sum,  which  is  negative 
for  all  fifteen  salts,  represents  the  contraction  in  the  formation  of  the  solu- 
tion from  water  and  the  free  elements.  Obviously,  in  very  dilute  solution 
the  sum  represents  the  change  in  volume  in  the  formation  of  ions  from  the 
free  elements  and  water,  while  in  more  concentrated  solutions  it  refers  to 
both  ionized  and  tm-ionized  substances  in  varying  proportions. 

^  Washburn  and  Millard  have  recently  found  the  caesium  ion  to  be  more  highly 
bydrated  than  the  chloride  ion,  although  less'hydrated  than  the  potassium  ion.  Tma 
Journal,  37i  694  (1915). 
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Owing  to  the  availability  of  new  data,  the  following  tables,  which  give 
the  values  of  the  sum  a  +  b,  together  with  the  data  from  which  the  com- 
putations are  made,  are  reprinted  from  the  earlier  paper  with  the  neces- 
sary corrections. 

Tablb  IV. 


Element. 

At.  wt. 
Ag- 107.88.      Sp.gr. 

Compreasi- 
bifity* 
At.  vol.    megabara       Heat  of  ozidatioii. 
>            cc.           X  10«.           KUogram  calories. 

Heat  of  combina- 
tion with  hvdro* 
gen.4    Kilo- 
gram calories. 

u 

6.94 

0.534 

13 

I           9 

.0           I43(2M  +  0)» 

Na.... 

23.00 

0.971 

23 

7         15 

.6           ioi(2M  +  0)» 

K 

.        39.10 

0.862 

45 

4         31 

.7 

87(2M  +  0)» 

Rb.... 

85.45 

1.532 

55 

8         40 

.0 

84(2M  +  0)» 

Cs.,.. 

132.81 

1.87 

71 

0         61 

.0 

83(2M  +  0)» 

CI 

35.46 

1. 412 

25 

0        95 

.0        — 

■i8(Cl,0) 

22.0 

Br.... 

79.92 

3. 121 

25 

6         52 

.0 

8.4 

I 

126.92 

4.94 

25 

7         13 

.6 

45(I|0.) 

■-6.0 

Tabls  V. 

Salt 

Mol.  wt. 

at25«. 

Sum  of 

atvola. 

cc. 

Contraction     Change 
in  forma-        in  vol.* 

VOL         aoUd-a.      at25'»-6. 
cc.               cc.                cc. 

.-1-6. 
cc. 

Compctssi- 
bnitir' 

"TO" 

LiCl... 

.      42.40 

2.068 

38.1 

20.5 

-17.6 

—2.03      - 

-19.6 

LiBr. . . 

.     86.86 

4.364 

38.7 

25.1 

—13.6 

+0.16      - 

-13.4 

.  •  • 

Lil 

.   133.86 

4.061 

38.8 

33.0 

-5.8 

+3.40      - 

-  2.4 

.  .  . 

NaCl... 

.     58.46 

2.162 

48.7 

27.0 

—21.7 

—8.48      - 

-30.2 

4.1 

NaBr... 

.   102.92 

3.203 

49.3 

33.1 

—17.2 

—^.94 

-24.1 

5.1 

Nal.... 

.    149.92 

3.665 

49.4 

40.9 

-8.5 

—4.50      - 

-13.0 

6.9 

KCl.... 

.     74.56 

1.988 

70.4 

37^5 

—32.9 

-8.71       - 

-41.6 

5.0 

KBr. . . . 

.   119.02 

2.749 

71.0 

43.3 

—27.7 

—7.72       - 

-35.4 

6.2 

KI 

.   166.02 

3.123 

71. 1 

53.2 

—17.9 

— 6.31       — 24.2 

8.6 

RbCl... 

.   120.91 

2.798 

80.8 

43.2 

—37.6 

—9.19      - 

-46.8 

RbBr... 

.   165.37 

3.349 

81.4 

49.4 

— ^32.0 

— 8.70      — 

-40.7 

Rbl.... 

.  212.37 

3.550 

81.5 

59.8 

—21.7 

—7.86      —29.6 

CsCl... 

.    168.27 

3.974 

96.0 

42.4 

—53.6 

—1.09      - 

-54.7 

CsBr... 

.    212.73 

4.433 

96.6 

47.9 

—48.7 

0.00      — 

-48.7 

Csl.... 

.  259.73 

4.509 

96.7 

57.6 

—39.1 

+  1.77       —37.3 

^  For  the  specific  gravities  of  the  alkali  metals  see  Richards  and  Brink,  Tma 
Journal,  ag,  117  (1907) 

«  Richards,  Stull  and  Bonnet,  Pub.  Carnegie  Inst.,  76,  15  (1907);  Richards  and 
Stall,  Ibid,,  7  (1903);  Richards,  This  Journal,  37,  1643  (1915)- 

*  Abegg,  "Handb.  d.  anorg.  Chem.,"  Vol.  II,  Part  J. 
« Landolt-B6mstein-Roth,  "Tabellen,"  Z9xa. 

*  For  the  specific  gravities  of  the  salts  of  sodium,  potassium  rubidium,  and  cacsiuin, 
see  a  subsequent  paper  to  appear  in  the  February  number  of  This  Journal;  for  those 
of  the  lithimn  salts,  see  Baxter,  Am.  Chem.  J,,  31,  559  (1904). 

*  The  values  refer  to  molal  solutions  and  are  obtained  by  multiplying  values  taken 
from  the  carves  on  page  92  by  the  molecular  weights. 

7  Richards  and  Jones,  This  Journal;  31,  158  (1909).  If  the  most  recent  value  of 
the  compressibility  of  mercury  is  used  these  values  become  slightly  larger. 
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The  sum  a  +  b,  which  represents,  in  cubic  centimeters,  the  contraction 
produced  in  the  formation  of  the  solution  from  one  gram  atom  each  of 
the  free  metal  and  halogen  and  the 
water,  was  previously  found  to  be  addi- 
tive for  tithitmi,  sodium,  and  potassitmi 
salts  at  I  molal  concentration  and  below. 
Values  are  given  in  Table  VI  for  all  fif- 
teen salts  at  various  concentrations  up 
to  five  molal,  at  25  °,  which  show  not 
only  that  the  property  is  additive  for  the 
rabidium  and  cesium  salts  as  well,  but 
also  that  the  additive  relationship  holds 
for  all  fifteen  salts  at  high  concentrations. 

In  connection  with  th^se  tables  it  is 
interesting  to  note  that  since  the  values 
are  obtained  from  the  expression 
(Atomic  Voliune  of  Metal  +  Atomic 
Volume  of  Halogen  —  Molecular  Volume 
of  Salt)  +  (Molecular  Volume  of  Salt  + 
Volume  of  Water  —  Volume  of  Solu- 
tion), they  are  independent  of  the  mol- 
ecular volumes  (and  hence  the  spiecific 
gravities)  of  the  solid  salts,  and  that 
while  the  absolute  values  are  dependent 
on  both  the  atomic  voltmies  of  the  free 
elements  and  the  observed  change  in  vol- 
ume during  solution,  the  additive  rela- 
tionships depend  upon  the  latter  alone. 

It  is  not  surprising  to  find  the  additive  relationships  holding  closely 
at  the  lower  concentrations,  where  the  greater  portion  of  the  salt  is  in 
the  ionic  state,  but  that  these  relationships  should  hold  so  closely  at  con- 
centrations as  high  as  5  molal  is  curious,  to  say  the  least.  The  fact  that 
the  curves  representing  change  in  voliune  at  diflferent  concentrations  are 
far  from  parallel  makes  the  relationship  all  the  more  striking.  The  obvious 
significance  of  this  feattu'e  is  that  the  change  in  volume  which  takes  place 
when  the  free  elements  become  dissolved  molecules  of  salt  also  i3  an  addi- 
tive property. 

It  is  difficult  to  beUeve  that  this  coincidence  is  a  chance  one.  The  cause 
may  be  sought  first  in  the  probabitity,  previously  emphasized,  that  the 
change  in  volume  produced  by  the  undissociated  molecules  at  high  con- 
centrations at  any  rate  is  small,  and  second  in  the  fact  that  the  molecular 
volumes  of  the  solid  salts  themselves  are  not  far  from  additive,  as  Table 
VII  shows. 


Fig.  7. 
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TajblB  VI. 
Infinite  Dilution, 

a.               Dif.                Br.  DIf.                 I. 

Li 20.5            6.4              14. 1  II. 3              2.8 

Dif.  10.8                              II. o  II.  I 

Na 31.3           6.2             25.1  II. 2            13.9 

Dif.  12.0                              II. 4  II -3 

K 43.3            6.8             36.5  II. 3            25.2 

Dif.    4.7                                5.3  5.2 

Rb 48.0            6.2              41.8  II. 4            30.4 

Dif.    8.0                                8.2  '8.3 

Cs 56.0           6.0             50.0  II. 4           38.6 

I  Molal.^ 

Li 19.6           6.2             13.4  II. o             2.4 

Dif.  10.6                              10.7  10.6 

Na 30.2            6.1              24.1  II.  I            13.0 

Dif.  II. 4                              II. 3  11.2 

K 41.6           6.2             35.4  II. 2            24.2 

Dif.    5.2                                5.3  5-4 

Rb 46.8           6.1             40.7  II. I            29.6 

Dif.    7.9                               8.0  7.7 

Cs 54.7            6.0             48.7  "4           37.3 

3  Molal. 

Li 18.5            6.0             12.5  10.5              2.0 

Dif.  10. 1                 ,             10.2  10. o 

Na 28.6           5.9             22.7  10.7            12.0 

Dif.  II. 2                              IX. I  II. o 

K 39.8            6.0              33-8  10.8            23.0 

Dif.    5.3                               5.3  5.2 

Rb 45.1           6.0             39.1  10.9           28.2 

Dif.    7.9                               8.0  8.2 

Cs 53.0           5.9             471  10.7           36.4 

5  Molal. 

Li 17*9            5-7              12.2  10.2              2.0 

Dif.    9.6                                9.7  9.3 

Na 27.5            5.6             21.9  10.6            II. 3 

Dif.  ii.o  10.8 

K Dif.  16.5                              32.9  10.8            22.1 

Dif.    5.2 

Rb .44.0  5.9  38.1 

Dif.    7.9  8.0 

Cs SI. 9  5.8  46.1 

When  one  considers  the  large  variation  in  the  contraction  which  takes 
place  in  the  formation  of  the  solid  salts  from  the  elements,  from  15% 
with  lithitmi  iodide  to  56%  with  caesium  chloride,  even  this  rough  addi- 
tive relationship  is  noteworthy. 

^  Similar  data  for  barium  chloride  and  bromide  obtained  by  Mr.  P.  B.  Goode  ghre 
values  57.7  and  44.7,  respectively,  with  a  difiFerence  of  2  (6.5).  This  value  is  not  far 
from  the  average  difference  between  chlorides  and  bromides  of  the  univalent  elements. 
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Tabus  VII. 
Molecular  Volumes  of  Solid  Salts. 

a.                Dif.                  Br.                 Dif.  L 

14 20.5           4.6            35.1            7.9  33.0 

Dif.    6.5                               8.0  7.9 

Na 27.0           6.1             33.1             7.8  40.9 

Dif.  10.5                              10. a  IS. 3 

K 37.5            5.8             43.3              9.9  53.2 

Dif.    5.7                                6.1  6.6 

Rb 43.2            6.2              49.4            10.4  59.8 

Dif. —0.8                            — 1.5  — 2.2 

Cs 42.4            5.5              47.9             9.7  57.6 

Cs-Li 21.9                              22.8  24.6 

Since  the  salts  are  undoubtedly  not  all  equally  dissociated  at  a  given 
molal  concentration,  and  since  the  molecular  volumes  of  the  solid  salts 
are  only  approximately  additive,  it  is  not  to*be  expected  that  the  values 
for  the  sum  (a  +  b)  will  be  strictly  additive,  except  at  a  dilution  so  great 
that  dissociation  is  nearly  complete.  But  at  sadi  concentrations  experi- 
mental values  for  change  in  volume  during  solution  become  much  less 
accurate. 

At  o^,  50^  and  70^,  and  within  the  same  concentration  limits,  the  same 

additive  relationships  hold.  Figures  showing  this  to  be  true  follow  for 
as  many  instances  as  it  seems  worth  while  to  give. 

Table  VIII. 
Infinite  Dilution,  o*. 

CL                 Dif.                   Br.                  Dif.  L 

Li .' .-...     22.2           5.9             16.3            10.8  5.5 

Dif.  13. 1                              13.1  13.5 

Na 35.3           5.9             29.4            10.4  19.0 

Dif.  II. 3                              10.6  10.3 

K 46.6           6.6              40.0            10.5  29.5 

Dif.    4.9                                5.8  5.9 

Rb 51.5            5.7              45.8            10.4  35.4 

Dif.    7.8                                8.1  7.5 

Cs 59.3            5.4             53.9            "O  42.9 

I  Molal,  o^ 

1a 20.8            5.8              15.0            10.2  4.8 

Dif.  12.4                              12.5  12.3 

Na. 33-2           5.7             27.5            10.4  17. 1 

Dif.  10.9                              10.8  10.6 

K 44.1            5.8             38.3            10.6  27.7 

Dif.    5.2                                5.3  5.4 

Rb 49.3            5.7              43.6            10.5  33.1 

Dif.    7.9                                7.9  7.7 

Cs 57.2            5.7              51.5            X0.7  AO.S 

3  Molal,  o^. 

ti 19.3            5.5              13.8              9.9  3.9 

Dif.  II. 4                              II. 4  II. o 
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TablB  VIII  (continued). 

Cl.               Dtf.  Br.  IMf.                  L 

Na 30.7            5-5  25.3  10.3            14.9 

Dif.  ii.o  10.6  10.5 

K 41.7            5.9  35.8  10.4            25.4 

Dif.    5.1  5.3  5.2 

Rb 46*8            5.7  41. 1  10.5            30.6 

Dif.    8.0  8.2 

Cs 54.8          'S'5  49.3 

5  Molal,  o*. 

Li 18.4            5.2  13.2  9.7              3.5 

Dif.  10.7  10.5  9.9 

Na 29.1            5.4  23.7  10.3            13.4 

Infinite  Dilution,  50  ^ 

Li 20.7           6.9  13.8  12.2              1.6 

Dif.    gms  9.8  10. o 

Na 30.0           6.4  23.6  12.0            II. 6 

Dif.  12.2  II. 6  II. 8 

K 42.2            7.0  35.2  II. 8            23.4 

Dif.    5.2                       •  5.6  5.1 

Rb 47.4            6-6  40-8  12.3            28.5 

Dif.    7.6  7.9  8.0 

Cs 55.0            6.3  48.7  12.2            36.5 

I  Molal,  50*. 

Li 19.8            6.6  13.2  II. 6              1.6 

Dif.    9.3  9.5  9.1 

Na '. 29.1            6.4  22.7  12.0           10.7 

Dif.  II. 7  II. 6  11.7 

K 40.8            6.5  34.3  II. 9            22.4 

Dif.    5.1  5.2  5.3 

Rb 45.9            6.4  39.5  II. 8            27.7 

Dif.    7.9  7.9  7-9 

Cs 53.8            6.4  47.4  11.8            35.6 

3  Molal,  50*. 

Li 18.7            6.1  12.6  II. 4              1.2 

Dif.    9.1  9.0  9.1 

Na 27.8            6.2  21.6  II. 3            10.3 

Dif.  II. 5  II. 3  II. 3 

K 39-3            6.4  32.9  "3            21.6 

Dif.    5.1  5.3  5.2 

Rb 44.4           6.2  38.2  II. 4           26.8 

Dif.    7.8  8.0  7.9 

Cs 52.2            6.0  46.2  II. 5            34.7 

5  Molal,  50*. 

Li 18.0            5.9  12. 1  10.8              1.3 

Dif.    8.8  8.9  8.6 

Na 26.8            5.8  21.0  II. I              9.9 

Dif.  II. 3  II. I 

K Dif.  16.6  32.3  II. 3            21.0 

Dif.    5.0  5.1 
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Tabus  VIII  (conHnued), 

a.               Dil.  Br.                DIf.                  L 

Rb 43.4             6.1  37.3             II. 2             26.1 

Dif.    7.9  8.0 

Cs 51.3            6.0  45.3 

Infinite  Dilution,  70**. 

Li 21.8           7.3  14.5            12.5             2.0 

Dif.  33.5                     •  34.0                              33.6 

Cs 55.3            6.8  48.5            12.9            35.6 

I  Molal,  70*. 

Li 20.4           6.8  13.6            12. 1              1.5 

Dif.  33.3  33.5                              33.3 

Cs 53.7            6.6  47.1            12.3            34.8 

3  Molal,  70  ^ 

Li 19.2  6.5  12.7  II. 6  I.I 

Dif.  32.9  33.1  33.0 

Cs 52.1  6.3  45.8  II. 7  34.1 

5  Molal,  70**. 

Li 18.5  6.2  12.3  II. X  x.a 

Dif.  32.6  32.8 

Cs 51. 1  6.0  45.1 

Upon  the  same  assumption  as  that  made  in  the  earlier  paper,  that  at 
infinite  dilution  the  stmi  oia  +  b  for  lithium  iodide  is  equally  distributed 
between  the  lithium  and  iodide  ions,  Table  IX  can  be  constructed  to  show 
the  change  in  volume  in  the  formation  of  the  ions  from  the  elements. 
The  values  are  expressed  in  cubic  centimeters  per  gram  atom  and  apply 
at25^ 

Tabui  IX. 

U  Na  K  Rb  Cs  I  Br  Q 

— 1.4      — 12.4      — 24.0      — 29.1      — ^37.2      — 1.4        — 12.7        —19. 1 

Values  at  other  temperatures  are  not  very  different  from  these.  The 
only  apparent  regularity  in  this  table  is  the  increase  in  the  values  with 
increasing  atomic  volume  and  compressibility  in  the  case  of  the  metals 
and  with  increasing  compressibiUty  and  hydration  in  the  case  of  the  halo- 
gens, the  atomic  voltunes  of  the  halogens  being  all  nearly  the  same. 

It  is  interesting  to  note  the  properties  of  the  pairs  of  elements  which 
according  to  the  above  table  produce  nearly  equal  contraction.  Lithium 
in  the  ionic  condition  is  more  hydrated,  but  has  a  smaller  compressibihty 
than  iodine,  and  its  atomic  volume  is  only  one-half  as  large;  the  sodium 
ion  also  is  more  hydrated  than  the  bromine  ion,  but  its  compressibility 
is  less  than  one-third  that  of  bromine,  while  the  two  elements  have  nearly 
the  same  atomic  volume;  the  potassium  ion  is  slightly  more  hydrated  than 
the  chlorine  ion,  but  chlorine  is  three  times  as  compressible  and  has  only 
half  as  large  an  atomic  volume. 
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Where,  in  general,  solution  produces  contraction,  then,  since  dissocia- 
tion and  probably  hydration  increase  with  increasing  dilution,  the  contrac- 
tion dtuing  solution  should  in- 
crease with  the  dilution,  as  is  the 
case  with  the  greater  portion  of 
the  salts.  On  the  other  hand, 
wherever  expansion  occurs  dur- 
ing solution,  one  might  expect 
increasing  expansion  with  in- 
creasing dilution.  This  latter 
effect  actually  occurs  with  only 
two  salts  of  those  which  produce 
expansion  during  solution,  lith- 
ium iodide  and  lithium  bromide, 
and  even  with  these  salts  only  at 
high  concentrations  and  at  tem- 
peratures of  25**  and  above.  On 
the  other  hand  there  is  no  case 
where  there  is  diminishing  con- 
traction  with  increasing  dilution. 

With    Uthiiun    bromide    and 

iodide  at  lower  concentrations  the 

expansion  during  solution  dimin- 

^^^'  *•  ishes  instead  of  increasing,  but, 

as  was  pointed  out  in  the  former  .paper,  such  an  effect  might  be  caused  by 

the  compensating  influence  of  an  increasing  degree  of  hydration. 

Since  the  formation  of  hydrates  is  undoubtedly  hindered  by  rising 
temperature,  this  chief  cause  of  contraction  during  solution  should  have 
less  effect  at  higher  temperatures.  Hence  diminution  in  volume  diuing 
solution  should  become  less  with  rising  temperature,  while  expansion 
should  become  greater.  Practically  this  is  the  case  with  all  the  salts 
except  lithium  chloride  up  to  50**,  and  with  most  of  them  up  to  70**. 
Furthermore  the  changes  in  volume  during  solution  at  50^  and  at  70^ 
are  not  very  different. 

It  is  curious,  however,  that  in  the  case  of  lithium  chloride  and  bromide 
the  contraction  is  greater  at  50**  than  at  25®,  and  that  at  100**  lithium 
chloride  shows  even  greater  contraction  than  at  0°.  Potassiimi  chloride 
was  the  only  other  salt  with  which  measurements  were  made  at  100*', 
and  here  also  the  results  showed  contraction  greater  than  at  70**. 

Since  in  both  instances  the  100°  curve  is  not  far  from  parallel  with  those 
obtained  at  lower  temperatures,  it  is  not  tmreasonable  to  suppose  that 
the  origin  of  this  peculiarity  is  to  be  sought  in  some  change  in  the  water 
itself  rather  than  in  one  affecting  either  the  ions  or  the  molecules.     It 
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Fig.  9. 


is  on  the  whole  unlikely  that  so  marked  a  change  would  affect  both  the 
ions  and  the  molecules  to  a  like  degree.  In  this  connection  it  is  worth 
pointing  out  that  several 
properties  of  water,  for  in- 
stance, density,  specific  heat 
and  compressibility,  pass 
through  minima  with  chang- 
ing temperature.  In  any 
event  the  evidence  is  too 
meagre  for  drawing  any 
certain  conclusions  as  to 
the  cause  of  this  effect. 
Further  work  upon  change 
in  volume  during  solution 
at  high  temperatures  is 
under  way. 

At  first  sight  it  would 
seem  that  one  might  sepa- 
rate the  effects  due  to  the 
ionized  and  un-ionized  por- 
tions, if  the  degree  of  dis- 
sociation of  the  salt  at  dif- 
ferent concentrations  is  known.  In  fact,  an  attempt  has  t^^en  made  to 
do  this  by  Heydweiller^  in  recent  papers  dealing  with  the  properties  of 
solutions  of  various  electrolytes,  by  the  use  of  the  formula: 

A,  =  B,  +  (A,  —  B,)t 
where  A,  =  100  (s  —  i)/»w,  the  percentage  density  difference  between 
solution  (s)  and  water  (i)  per  mol.  A,  and  B,  represent  the  separate  effects 
of  ionized  and  im-ionized  material,  respectively,  and  i  the  degree  of  dis- 
sociation. 

HeydweiUei;  finds  that,  using  the  values  for  the  two  constants  A,  and  B, 
in  the  above  equation,  the  calculated  increase  in  density  agrees  fairly 
closely  with  the  observed  over  a  range  of  concentration  between  four 
normal  and  about  half  normal,  although  at  lower  concentrations  marked 
deviations  appear.  Heydweiller  determines  the  degree  of  dissociation 
at  any  concentration  from  the  relation  of  the  conductivity  to  the  con- 
ductivity at  infinite  dilution.  This  method  of  calculation,  obviously, 
is  based  on  two  assumptions  of  questionable  validity:  First,  it  is  well 
known  that  the  degree  of  dissociation  is  not  accurately  given  by  the  re- 
lation of  the  conductivity  of  a  solution  to  the  conductivity  at  infinite 
dilution;  second,  it  seems  hardly  possible  that  the  constants  in  the  above 
equation  are  really  constants  over  any  considerable  range  of  concentra- 
» Ann.  Physik,  30,  873  (1909);  37»  739  (19"). 
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tion,  because  the  degree  of  hydration  of  either  a  molecule  or  an  ion  surely 
changes  with  the  concentration,  that  is,  a  change  in  volume  produced  by 
a  molecule,  or  especially  an  ion,  varies  with  the  concentration  of  the  solu- 
tion. It  is  not  surprising,  therefore,  that  Heydweiller's  values  for  the 
quantities  A^  and  B^  do  not  remain  constant  at  high  dilutions.  The 
values  for  the  change  in  density  produced  by  the  molecules,  because  they 
constitute  the  lesser  portion  of  the  change,  are  naturally  more  affected  by 
the  uncertainties.  Thus  it  is  easy  to  imderstand  that  the  values  for  the 
molecular  substances  are  such  that  he  classes  as  similar  compounds  the 
halogen  salts  of  lithium,  which  show  marked  tendencies  to  form  solid 
hydrates,  with  those  of  potassium,  rubidium  and  cesium,  which  crystallize 
anhydrous.  On  the  other  hand  the  change  in  voltune  in  the  production 
of  the  ions  from  the  free  elements,  calculated  by  Heydweiller^  upon  similar 
assumptions,  are  not  far  from  those  given  upon  page  loi .  This  attempt  to 
disentangle  the  two  effects  is  an  extremely  interesting  one,  but  from  the 
above  considerations  it  can  hardly  be  considered  to  be  successful.  With 
the  knowledge  and  data  at  our  present  disposal,  it  does  not  seem  possible 
to  separate  the  effects  produced  by  the  molecular  substances  from  those 
produced  by  the  ions. 

We  are  greatly  indebted  to  the  Carnegie  Institution  of  Washington  for 
very  generous  assistance  in  this  investigation. 

Summary. 

1.  Data  gyre  given  from  which  the  densities  of  aqueous  solutions  of 
all  the  halogen  salts  of  the  alkali  elements  at  different  temperatures  may 
be  very  exactly  calculated. 

2.  From  these  data  are  calculated  the  changes  in  volume  which  take 
place  during  the  solution  of  these  salts. 

3.  The  explanation  of  the  observed  effects,  previously  proposed  upon 
the  basis  of  Richards's  hypothesis  of  compressible  atoms  and  that  of  hydra- 
tion, is  supported.  This  explanation  assiunes  that  the  following  two 
changes,  which  take  place  diuing  solution  and  dissociation,  are  the  chief 
causes  of  the  observed  effects: 

(a)  When  the  molecules  dissociate,  they  are  freed  in  large  part  from 
compression  due  to  chemical  affinity,  with  considerable  expansion  (from 
15  to  56%  of  the  original  volume  of  the  uncombined  elements). 

(b)  When  the  ions  and  probably  the  molecules  are  combined  with  water 
both  the  hydrated  substance  and  the  water  undergo  compression.  The 
latter  effect  varies  regularly  with,  the  compressibiUties  of  the  substances 
involved  as  well  as  with  their  affinities  for  each  other. 

4.  The  change  in  volume  in  the  formation  of  the  solution  from  the  free 
halogens  and  alkali  metals  and  water  is  found  to  be  nearly  additive  at 
all  concentrations;  at  low  concentrations  because  the  changes  involved 

» Ann.  Physik,  37,  767  (19"). 
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are  chiefly  due  to  the  formation  of  the  ions  {rom  the  elements,  which  are 
independent  of  the  salts  involved;  at  high  concentrations  because  the 
molecules,  being  less  hydrated  and  less  compressible  produce  smaller 
contractions,  and  because  the  molecular  volumes  of  the  salts  are  very  nearly 
additive. 

5.  The  effect  of  rising  temperature  is  found  in  general  to  diminish  con- 
traction or  increase  expansion  owing  to  lessened  hydration  of  all  the  sub- 
stances concerned.  Marked  exceptions  exist  at  ordinary  temperattures 
in  lithium  chloride  and  bromide,  and  at  high  temperattures  in  potassium 
chloride  also. 

6.  It  is  pointed  out  that  no  simple  method  exists  for  separating  the  effects 
due  to  ionized  and  un-ionized  material  because  of  the  var3ring  magnitude 
of  the  change  for  each  ion  or  molecule  with  changing  concentration. 

Cambudos,  Mass. 


[CONTUBUnON  FROM  TH8  ChBHISXRY  DBPARTMBNT  OF  JomVS  H0PKIN8  UnIVBRSITY.] 

THE  ACTION  OF  SALTS  WITH  WATER  OF  HYDRATION  AND 

WITHOUT  WATER  OF  HYDRATION  ON  THE  VELOC- 

ITY  OF  SAPONIFICATION  OF  ESTERS.^ 

By  J.  B.  L.  HoLMSs  and  Harst  C.  Jonss. 
Recelred  November  5,  1915. 

Jones  and  Anderson,^  in  their  work  on  the  absorption  spectra  of  solu- 
tions, studied  the  absorption  spectra  of  neodymium  chloride  in  water, 
in  methyl  alcohol  and  in  mixtures  of  these  two  solvents.  They  found 
two  sets  of  absorption  spectra  corresponding,  the  one  to  the  aqueous 
solution  and  the  other  to  the  alcoholic. 

In  the  mixture  of  these  solvents  both  of  these  spectra  were  obtained. 
Similar  results  were  obtained  with  neodymium  nitrate  and  praseodymium 
chloride. 

Jones  and  Strong'  studied  a  fairly  large  number  of  salts  in  a  large 
number  of  solvents,  and  fotmd  a  large  number  of  "solvent  bands.'*  This 
raised  the  question  whether  combined  water  has  different  power  to  absorb 
light  from  free  water?  This  was  answered  by  Jones  and  Guy,*  by  means 
of  the  radiomicrometer.  They  showed  that  combined  water  was  far 
mare  transparent  than  pure  water. 

This  conclusion  was  confirmed  by  the  work  of  Jones,  Shaeffer  and 
Paulus.' 

^  The  results  of  this  investigation  are  recorded  in  full  in  Publ.  Carnegie  Inst, 
Wash.,  No.  aso. 

*  Publ.  Carnegie  Inst.  Wash,,  No.  110;  Am.  Chem.  J.,  41,  163  (1909). 

*Ibid.,  No.   130  and  160;  43,  37,  224  (1910);  45»   i    (1910);  47»   27    (1912); 
Physik.  Z.,  lOy  449  (1909);  Phil.  Mag.,  April,  19x0;  /.  chim.  phys.,  8,  131  (1910). 

*  Publ.  Carnegie  Inst.  Wash.,  No.  Z90;  Ann.  physik,,  43^  555  (1914)- 
» Physik.  Z.,  15, 447  (1914)- 
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Having  fotind  the  above  physical  diflference  between  the  action  of 
free  and  of  combined  water,  the  question  arose,  is  there  a  corresponding 
chemical  difference  between  water  in  the  combined  and  in  the  free  state? 

Reaction  Chosen. 

We  decided  to  use  the  saponification  of  an  ester  in  the  study  of  the 
action  of  free  and  of  combined  water  for  the  following  reasons: 

In  the  first  place,  as  Berthelot  and  Saint  Gilles^  had  shown,  the  speed 
of  the  reaction  is  dependent  on  the  relative  amounts  of  the  substances 
used.  By  keeping  the  amount  of  the  ester  constant  we  could  study  the 
effect  of  the  water  in  solutions  of  salts  containing  the  same  amotmts  of 
water. 

Secondly,  this  reaction  proceeds  slowly  and  its  velocity  could  therefore 
be  easily  measured. 

Thirdly,  the  speed  of  the  reaction  is  dependent  on  the  temperature. 
However,  as  the  temperature  rises  the  hydrates  become  less  complex. 
From  the  results  obtained  with  the  ester  and  pure  water,  as  compared 
with  those  from  solutions  of  the  salts,  we  could  study  the  effect  of  rise  in 
temperattu-e  on  the  hydrated  salts. 

The  hydrolysis  bf  the  various  salts  used  in  this  work  has  been  taken 
into  account. 

Statement  of  Problem. 

The  plan  was  to  investigate  the  difference  in  the  velocities  with  wfaidi 
free  water  and  combined  water  saponified  cm  ester  tmder  the  following^ 
conditions: 

(i)  Time  and  concentration  of  the  salts  kept  constant,  temperature 
varying. 

(2)  Concentration  of  the  salts  and  temperature  constant,  time  varying. 

(3)  Time  and  temperature  constant.    Concentration  of  salts  varying. 
The  conditions  were  so  regulated  that  the  percentage  of  ester  saponified 

was  always  small;  the  H  ions  of  the  acid  formed  being  in  relatively  large 

numbers  as  compared  with  the  H  ions  from  water,  would  in  part  sup- 
press the  ionization  of  Wlater  and  effect  the  saponification  themselves. 

Experimental. 

The  reactions  were  allowed  to  take  place  in  100  cc.  Jena  bottles  with 
ground  glass  stoppers.  These  bottles  were  suspended  in  constant  tem- 
perature baths  very  similar  to  those  employed  by  Davis  and  Putnam.* 

A  concentration  was  chosen  arbitrarily,  such  that  solutions  of  all  the 
salts  to  be  investigated  could  be  obtained,  i,  e,,  two  normal.    Later  it 

»  Ann,  chim.  phys.,  14,  437  (1878);  15,220(1878);  65,385  (1862);  66,5,  no  (1862);: 
68,  225  (1865). 

'  Publ.  Carnegie  Inst.  Wash.,  No.  210,  117  (1915). 
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was  found  to  be  necessary  to  change  this  concentration  to  normal,  using 
also  the  more  dilute  solutions,  half-normal  and  quarter-normal. 

The  ester  first  employed  was  ethyl  acetate.  After  some  preliminary 
work,  this  was  discarded  in  favor  of  methyl  acetate,  since  its  solubility 
in  some  of  the  strong  salt  solutions  was  so  slight  as  to  give  us  a  heterogene- 
ous system.  Methyl  formate  was  also  studied,  to  see  if  the  results  ob- 
tained with  methyl  acetate  were  of  a  general  character  or  specific  to  the 
■ester  in  question.  The  esters  were  fractionally  distilled  several  times 
until  they  boiled  at  the  proper  temperattire  and  their  reaction  was  neutral 
to  indicators.  The  methyl  formate,  on  account  of  its  apparent  instability, 
had  to  be  frequently  redistilled. 

The  Base  and  the  Indicator. 

The  finding  of  the  proper  ba^e  and  indicator  to  be  used  in  titrating  the 
add  formed,  gave  us  quite  a  little  trouble.  Sulfuric  acid  and  sodium 
hydroxide  from  alcohol  did  not  prove  to  be  satisfactory  with  phenol- 
phthalein  as  the  indicator.  This  may  have  been  due  in  part  to  the  saponi- 
Ication  of  the  ester  by  the  strong  base. 

The  result  of  an  elaborate  investigation  of  indicators,  including  phenol- 
phthalein,  methyl-orange  and  corallin,  and  of  bases  including  ammonium, 
sodium  and  barium  hydroxides,  was  to  show  that  for  our  ptupose  the 
base  to  be  used  was  dilute  ammonium  hydroxide,  and  the  indicator  corallin. 

To  test  the  accuracy  of  our  method,  0.0733  g.  of  glacial  acetic  acid  was 
weighed  out  and  titrated  with  ammonia,  coraUin  being  used  as  the  indica- 
tor. The  amount  of  acetic  acid  calculated  from  the  titration  was  0.0730 
g.  We  would  then  have  an  error  of  less  than  0.5%.  With  other  organic 
adds  we  found  errors  of  less  than  0.1%. 

Data. 

In  the  following  tables  of  data,  the  methyl  acetate  per  bottle  is  4  cc.  or 
3.7028  g.,  the  methyl  formate,  2  cc.  or  1.9402  g.  It  was  found  that 
caldum  chloride  and  potassium  nitrate  on  dilution  increase,  then  de- 
crease the  velocity  of  the  reaction.  Duplicate  measurements  were 
therefore  made  with  new  solutions.  It  was  at  this  point  that  we  decided 
to  study  also  methyl  formate.  The  volumes  of  the  solutions  of  the  salts 
that  contained  30  cc.  of  water  were  calculated,  the  water  per  cc. 
<rf  the  solution  being  the  difference  in  weight  between  i  cc.  of  the 
soltition  and  the  salt  in  i  cc.  The  water  used  in  preparing  the  solutions 
of  the  salts,  bases,  and  add,  had  been  careftdly  purified  and  had  a 
mean  specific  conductivity  of  1.5  times  io~*  at  25®.  This  water  was  also 
used  in  recrystallizing  the  salts.  In  the  tables  of  data  the  concentrations 
of  the  solutions  of  the  salts  are  expressed  as  N,  N/2,  and  N/^.  Tables 
I,  II,  III,  IV,  and  V  give  the  percentages  of  the  methyl  acetate  saponified. 
Tables  VI,  VII  and  VIII  of  the  methyl  formate.  Duplicate  measure- 
ments were  made  with  fresh  solutions  of  magnesium  sulfate  and  strontitun 
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faramide,  since  the  results  obtained  with  these  salts  ware  very  low  as  com- 
pared with  the  restdts  from  the  other  salts  that  contain  a  large  amount  of 
water  of  crystallization.  The  results  found  were,  however,  practically 
identical  with  those  earlier  obtained.  In  Table  I  duplicate  results  are 
given  to  show  how  concordant  they  were.  Duplicate  results  were  ob- 
tained in  every  case,  but  to  economize  space  only  one  set  is  given. 
Discussion  of  Results. 

From  Plates  I  and  II,  the  salts  which  produce  the  greatest  increase  in 
velocity,  and  which  have  the  largest  temperature  coeflSdents  are  mag- 
nesium chloride,  calcium  chloride,  strontium  chloride,  barium  chloride, 
magnesium  nitrate,  calcium  nitrate,  and  strontiiun  nitrate.  All  of  these 
salts  crystallize  with  water  of  crystalUzation,  varying  from  six  to  two 
molecules  each.  Next  come  salts  that  do  not  have  water  of  crystallization, 
as  sodium  chloride,  sodium  nitrate,  potassium  chloride  and  potassium 
bromide.  Along  with  these  salts  we  have  some  that  have  water  of 
oystallization  as  sodium  bromide,  calcium  bromide,  Uthium  chloride^ 
lithium  bromide,  lithium  nitrate  and  magnesiiun  sulfate,  which  seem  to  be 
exceptions  in  the  hght  of  the  action  of  the  other  salts  that  crystallize  with 
water. 

Still  more  inexplicable  seem  to  be  the  curves  for  Bthium  sulfate,  sodium 
iodide,  strontium  bromide,  lithium  bromide  and  potassitun  iodide,  since 
these  curves  are  below  the  curve  for  pure  water. 

Let  us  now  consider  Plate  III.  As  the  dilution  is  increased,  salts  such 
as  magnesium  chloride  show  a  marked  decrease  in  velocity,  the  salts 
with  no  water  of  crystallization  showing  a  less  decrease,  while  the  ap- 
parent exceptions,  such  as  calcium  bromide,  strontium  bromide,  etc., 
show  a  marked  increase  in  velocity,  most  of  their  curves  ending  above 
the  curve  for  water. 

Let  us  now  consider  the  salts  of  any  one  metal  (Plates  I  and  II),  e.  g., 
calcium.  The  chloride  increases  the  velocity  more  than  the  nitrate,  the 
nitrate  more  than  the  bromide.  With  potassium  and  sodium,  the  chloride 
has  more  eflFect  than  the  nitrate,  the  nitrate  more  than  the  bromide,  the 
bromide  more  than  the  iodide.  Of  the  salts  studied,  the  sulfates  seem 
to  have  least  effect.  There  also  seems  to  be  a  general  relation  between  the 
metals  themselves,  as  magnesium,  calcium,  strontium  and  barium,  though 
in  the  series  lithium,  sodium  and  yotassitim,  Uthium  seems  to  be  an  ex- 
ception. 

The  curves  for  the  methyl  formate  are  of  the  same  general  character, 
the  only  difference  being  that  the  ciu^es  are  more  extended,  more  being 
above  the  curve  for  water,  probably  due  to  the  larger  amount  of  saponi- 
fication. The  curves  for  calcium  bromide,  barium  bromide  and  mag- 
nesium sulfate  with  methyl  formate  do  not  seem  to  be  exceptions,  since 
they  fall  above  the  curves  for  salts  with  no  water  of  crystallization. 
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Kellogg^  found  in  the  case  of  the  halides  of  potassium,  that  the  chloride 
increased  the  reaction  most,  the  bromide  less  and  the  iodide  least,  nomial 


±ttti± 


-rim 


potassium  iodide  actually  decreasing  the  velocity.    This  seems  to  point 
to  the  fact  that  the  anion  plays  an  important  part  in  the  total  effect  of  the 
1  This  Journal,  31,  8S6  (1909);  dSt  396  (1913). 
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salt  on  the  reaction  velocity.    With  more  dilute  solutions  of  potassium 
iodide    (0.25  N)   the  velocity  of  the  reaction  is  increased.    Kellogg's 


curves  for  strontium  chloride,  calcium  chloride,  and  barium  chloride 
show  that  the  cation  must  also  be  taken  into  account.  A  possible  ex- 
planation of  the  behavior  of  barium  bromide,  calcium  bromide,  etc., 
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may  be  that  the  total  effect,  due  to  these  salts,  is  due  to  a  combination  be- 
tween a  cation  tending  to  increase  the  velocity  and  an  anion  tending  to 
decrease  it. 


Kellogg^  also  finds  that  there  is  a  concentration  for  each  salt  that  will 
produce  the  greatest  increase  in  the  velocity  of  the  reaction.    Still  further 
» Loc.  cit. 
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increase  or  decrease  of  the  concentration  from  this  point,  diminishes  the 
velocity  of  the  reaction. 
The  action  of  the  apparent  exceptions  in  the  study  of  this  problem, 


i  e.,  lithium  nitrate,  lithium  bromide,  calcium  bromide,  etc.,  may  be 
due  to  the  concentration  of  maximum  saponification  not  having  been 
reached,  since  these  salts  all  increase  the  velocity  on  dilution. 
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Altogether,  it  is  probable  that  had  the  dilution  been  still  farther  in- 
creased, the  apparent  exceptions  would  have  proved  not  to  be  exceptions 
at  all.  This  seems  to  be  all  the  more  true  in  that  the  curves  of  Plate  IV, 
where  larger  percentages  of  methyl  formate  are  saponified,  show  that 
barium  bromide,  calcium  bromide  and  magnesium  sulfate  have  greater 
effect  than  potassium  chloride  and  sodium  bromide. 

Therefore,  it  seems  more  than  probable  that  with  more  dilute  solutions, 
so  as  to  reach  the  dilution  of  maximum  saponification,  and  with  a  larger 
amount  of  ester  saponified,  most  of  the  apparent  exceptions  on  Plates 
I  and  II  would  no  longer  be  exceptions,  but  we  would  have  a  general 
relation  between  salts  with  water  of  crystallization  and  salts  without; 
the  former  increasing  the  velocity  to  a  larger  extent  than  the  latter, 
having  a  larger  temperature  coefficient  and  decreasing  more  with  dilu- 
tion. 

We  are  not  satisfied  with  the  results  with  strontium  bromide,  and  hope 
in  the  near  future  to  do  more  work  with  this  salt. 

The  position  of  the  curve  for  any  salt  seems  then  to  be  a  function  of  its 
water  of  crystallization,  supplemented  by  an  effect  due  to  the  ions  it 
forms;  e.  g.,  water  of  crystsdlization  would  place  the  curve  above  the 
ctuves  for  salts  that  do  not  have  water  of  crystallization,  the  anion  CI" 
would  place  it  above  a  salt  with  an  anion  NQs"  or  Br";  and  the  cation 
Mg++  woidd  place  it  above  a  salt  with  a  cation  Ca++,  Sr++  or  Ba**"+. 

This  general  relation  seems  to  hold  among  the  salts  that  have  no  water 
of  crystallization.  On  Plates  I  and  II  the  lithium  salts  do  not  seem  to 
fit  in  with  the  sodium  and  potassitun  salts,  but  what  has  been  said  about 
calcium  bromide  and  barium  bromide  applies  to  these  salts  also,  as  is 
shown  by  Plates  III,  IV  and  V. 

How  can  we  explain  this  increase  in  the  velocity  of  the  reaction  caused 
by  salts  that  have  water  of  crystallization,  and  the  decrease  in  their 
effect  on  dilution? 

Jones  and  Getman  and  Jones  and  Bassett^  showed  that  the  salts 
having  large  amounts  of  water  of  crystallization,  are  the  ones  that  in  solu- 
tion are  the  most  hydrated.  Asstuning  that  the  effect  of  the  salts  with 
water  of  crystallization  is  due  to  their  being  hydrated,  let  us  tee  what  we 
should  expect. 

(i)  According  to  Jones  and  Getman  and  Jones  and  Bassett,  the  chlo- 
rides, nitrates,  etc.,  of  such  metals  as  magnesium,  calcium,  strontium 
and  barium  would  increase  the  velocity  of  the  reaction,  with  results  that 
are  very  nearly  the  same,  and  much  greater  than  the  nonhydrated  salts. 

(2)  As  the  concentration  decreases,  the  effect  would  be  lessened,  since 
the  total  combined  water  would  be  less,  the  decrease  being  much  more 
rapid  than  in  the  case  of  nonhydrated  salts. 
1  PtibL  Carnegie  Inst,  Wash.,  No.  60,  15. 
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(3)  From  the  work  of  Jones  and  Pearce,*  who  showed  that  the  hydra- 
ting  power  of  a  cation  is  an  inverse  function  of  its  atomic  volume,  we 


should  expect  the  curves  for  the  salts  of  magnesium,  calcium,  barium  and 
strontium  with  a  common  anion,  to  be  similar  to  those  fotmd  by  him, 

>  PM.  Carnegie  InsL  Wash.,  No.  180,  57  (1913). 
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i,  e.,  magnesium  salts  having  the  greatest  effect,  then  calcium,  strontium 
and  barium. 

Let  us  see  if  the  experimental  data  confirm  these  conclusions,  based 


on  the  assumption  that  the  difference  in  action  between  salts  that  have 
water  of  crystallization  and  salts  that  do  not,  is  due  primarily  to  the 
hydrates  formed  by  the  salts  with  water  of  crystallization. 
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Taking  into  consideration  the  facts  brought  ont  earlier,  that  the  dilu- 
tion of  tnaximum  saponification  for  the  apparent  exceptions  had  not  been 
reached,  and  that  larger  percentages  of  ester  saponified  would  also  tend 
to  make  the  apparent  exceptions  not  real,  we  can  draw  from  the  curves 
the  following  condusions: 

(i)  Salts  with  water  of  aystallization  increase  the  velocity  of  the 
reaction  much' more  than  salts  without  water  of  cr3rstaltization. 

(2)  The  effect  of  salts  with  water  of  crystallization  decreases  on  dilu- 
tion much  more  than  that  of  salts  without  water  of  crystallization. 

(3)  Among  the  metals  with  common  anions  as  magnesium,  calcium, 
strontium  and  barium  chlorides  or  nitrates,  the  curves  arrange  them- 
selves in  the  order  of  the  decreasing  atomic  weights  of  the  cations. 

We,  therefore,  conclude  that  the  difference  in  action  between  salts  with 
water  of  hydration  and  salts  without,  on  the  saponification  of  esters,  is 
due  primarily  to  the  chemical  difference  bety^^een  free  and  combined  water. 

As  an  explanation  of  this  difference  in  action  we  venture  the  suggestion 
that  the  combined  water ^  is  more  highly  ionized  than  free  water;  and  with 
hydrated  salts,  we  have  this  effect  added  to  the  salt  effect  shown  in  the 
case  of  nonhydrated  salts. 

Pearce^  shows  that  the  cations  are  the  ones  that  are  hydrated;  the 
anions,  if  hydrated  at  all,  are  only  stightly  so. 

The  curves  for  the  halides  of  potassium  show  that  in  the  saponification 
of  esters,  the  anions  play  an  important  part.  This  is  in  line  with  what 
Kellogg^  found. 

Therefore,  it  seems  probable  that  the  anions  are  also  hydrated  to  a 
certain  extent. 

But  how  can  the  larger  temperature  coefficient  of  reaction  velocity 
of  the  hydrated  salts  be  accounted  for,  since,  with  rise  in  temperature 
the  hydrates  become  less  complex?  A  study  of  Plates  II  and  V  shows 
that,  temperature  being  constant,  the  amounts  of  ester  saponified  in  the 
presence  of  the  hydrated  salts,  as  the  time  increases,  is  much  greater 
than  the  amounts  saponified  in  the  presence  of  the  nonhydrated  salts. 

This  is  probably  due  to  the  larger  amount  of  acid  formed  by  the  saponi- 
fication of  the  ester  by  combined  water.  With  rise  in  temperattu-e  the 
larger  amount  of  add  would  give  us  a  larger  temperature  coeffident. 
Another  factor  to  be  taken  into  consideration  is  the  hydrolysis  of  the 
hydrated  salts  whidi,  though  small  at  low  temperature,  increases 
greatly  as  the  temperature  rises.  The  increased  fluidity  of  the  solution 
must  also  be  taken  into  account,  the  hydrates  becoming  less  complex 
with  rise  in  temperature.  These  three  factors  would  probably  offset 
^  Since  this  was  written  it  has  been  confirmed  by  Pahnaer  and  Melander,  2.  £M- 
trochem,,  21,  418  (1915). 

«  Publ.  Carnegie  Inst.  Wash.,  No.  x8o,  57  (1913). 
»  Loc.  cil. 
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the  decomposition  of  the  hydrates,  giving  less  combined  water,  with  the 
result  that  we  would  have  a  larger  temperature  coefficient  of  reaction 
velocity  for  the  hydrated  than  for  the  nonhydrated  salts. 

Prom  the  standpoint  of  hydrates  breaking  down  with  rise  in  tempera- 
ture, let  us  consider  the  effect  of  such  rise  in  temperattire  on  chemical 
reactions  in  general.  The  influence  of  temperatture  on  the  velocity  of 
reactions  is  usually  very  great. 

Berthelot^  showed  that  the  velocity  with  which  an  ester  is  formed  is 
about  twenty-two  thousand  times  as  great  at  200°  as  at  7°. 

Spohr^  finds  that  cane  sugar  is  inverted  five  times  as  rapidly  at  55°  as 
at  25^.  Various  attempts  have  been  made  to  explain  the  effect  of  rise  in 
temperature  on  the  vdocity  of  chemical  reactions.  A  decrease  in  the 
viscosity  of  the  medium  with  rise  in  temperattire,  allowing  the  ions  to 
move  more  rapidly;  a  decrease  in  the  mass  of  the  ion  with  rise  in  tem- 
perature, and  the  increased  kinetic  energy  of  the  molecules  and  ions, 
have  been  cited  as  the  causes  of  the  great  increase,  with  rise  in  tempera- 
ture, in  reaction  velocity.  None  of  these  thecMies  seem  sufficient  to 
account  for  such  an  increase  in  the  velocity  of  reactions  as  was  noticed  by 
Berthelot  and  others. 

Prom  the  solvate  theory  of  solution  we  see  that  ions  and  molecules 
attract  to  them  molecules  of  the  solvent.  We  would  expect  these  ions 
to  react  more  slowly,  espedaUy  if  the  solvate  were  very  complex,  since  the 
solvate  would  act  as  a  protective  covering  around  the  ions  and  diminish 
the  velocity  with  which  they  would  react  with  one  another.  But  suppose 
the  temperature  is  raised,  the  solvate  would  become  less  and  less  com- 
plex, until  finally  the  ions  would  not  have  any  appreciable  protective 
covering.  In  such  a  case,  where  the  ions  are  in  direct  contact,  we  would 
expect  the  velocity  of  the  reaction  to  be  greatly  increased. 

We,  therefore,  suggest  that  this  is  one  of  the  mcve  important  causes  of 
the  increase  in  the  velocity  of  chemical  reactions  with  rise  in  temperature. 

In  conclusion,  we  can  say  that  the  chemical  differences  between  free  ami 
combined  water,  brought  out  in  the  study  of  this  problem,  are  strictly 
analogous  to  the  physical  differences  between  free  and  combined  water 
as  shown  by  their  power  to  absorb  light,  which  led  us  to  investigate  this 
problem. 

Summary. 

The  following  conclusions  have  either  been  confirmed  or  brought  out 
in  this  investigation! 

(i)  The  reaction  involving  the  decomposition  of  an  ester  {Mxxreeds 
slowly  at  ordinary  temperattffes  and,  therefore,  can  be  readily  and  ac- 
curately studied. 

1  Essai  de  Mfcanique  Chimtque,  2,  93  (1879). 
*  Z.  physik,  Chem.,  2,  195  (188S). 
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(2)  The  hydrolysis  of  the  chlorides  and  nitrates,  etc.,  of  caktum, 
magnesium,  strontitun  and  barium  emplcyyed  in  the  study  of  this  problem, 
is  so  small  that  it  alone  cannot  account  for  the  results  obtained. 

(3)  Salts  with  water  of  crystallization  increase  the  velocity  of  the 
saponification  of  an  ester  to  a  greater  extent  than  salts  with  no  water  of 
crystallization. 

(4)  On  dilution,  the  effect  with  salts  having  water  of  crystallization 
decreases  more  rapidly  than  with  salts  without  crystal  water,  which  shows 
that  the  result  cannot  be  due  to  hydrolysis  alone. 

(5)  The  curves  for  the  saponification  of  methyl  formate  are  very  similar 
to  those  for  methyl  acetate. 

(6)  The  large  effect  of  salts  with  water  of  crystallization  is  probably 
due,  in  part,  to  their  being  hydrated,  combined  water,  being  more  highly 
ionized  than  free  water. 

(7)  The  amount  of  the  saponification,  and,  therefore,  the  position  of  the 
curve  seems  to  be  due  to  the  combined  effect  of  both  cation  and  anion. 

(8)  It  is  probable  that  anions  as  well  as  cations  are  somewhat  hydrated. 

(9)  The  hydration  of  cations  is  inversely  proportional  to  their  atomic 
volumes. 

(10)  There  seems  to  be  a  dilution  of  maximum  saponification  for  each 
salt. 

(11)  Hydrated  salts  show  a  large  temperature  coefficient,  notwith- 
standing the  decomposition  of  hydrates  with  rise  in  temperature,  probably 
due  in  part  to  hydrolysis. 

(12)  Decomposition  of  hydrates  may  play  an  important  role  in  the- 
increased  velocity  of  chemical  reactions  with  rise  in  temperattu'e. 

(13)  The  chemical  differences  between  free  and  combined  water  are 
analogous  to  the  physical  differences. 

Further  work  is  now  in  progress  in  this  laboratory  on  this  problem. 
Certain  apparent  discrepancies  in  this  preliminary  communication  are 
being  further  investigated,  and  other  lines  of  attack  opened  up. 

Baltimoss,  Ms. 


(CoNTRmunoN  from  rem  Department  of  Chemistry  op  the  Johns  Hopkins- 

UmvERsmr.] 

CONDUCTIVITIES  OF  CERTAIN  ORGANIC  ACIDS  IN  ABSOLUTE 

ETHYL  ALCOHOL. 

Bt  H.  H.  Iaoyd.  Jomf  B.  Wib8BI#  Aim  HAUnr  C.  Jonbs.^ 
Received  August  30.  1915. 

During  the  past  six  years  a  fairly  thorough  and  systematic  study  of  the 
conductivity  and  dissociation  of  aqueous  solutions  of  organic  adds,  as 
^  The  results  of  this  investigation  are  recorded  in  full  in  Publ.  Carnegie  Inst.  Wash., 
No.  330  (1915)- 
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■affected  by  temperature  as  well  as  by  dilution,  has  been  in  progress  in  this 
laboratory.^  In  view  of  the  fact  that  very  little  work  had  been  done 
upon  solutions  of  organic  acids  in  absolute  ethyl  alcohol,  it  was  decided 
to  extend  our  investigations  into  this  field.^  Accordingly  Wightman, 
Wiesel  and  Jones  undertook  a  preliminary  investigation  of  the  problem, 
worked  out  a  fairly  satisfactory  method  of  procedtu'e  and  made  con- 
ductivity measurements  of  nine  organic  adds.'  The  present  investigation 
is  a  continuation  and  extension  of  their  work.    . 

Experimental. 
Reagents. — ^Absolute  alcohol  was  prepared  in  the  manner  described  by 
Wightman,  Wiesel  and  Jones.*    It  never  contained  more  than  0.04% 
water,  and  its  specific  conductivity  averaged  2  X  lo""^. 

The  organic  adds  were  obtained  from  two  well-known  firms.  The  same 
methods  of  purif5ring  them  were  employed  as  when  the  conductivities  of 
these  adds  were  determined  in  aqueous  solution.*^  After  purification  they 
were  carefully  dried  in  a  vacuum  desiccator  containing  sulfuric  add. 
Whenever  practicable  the  mdting  point  (of  the  acids)  was  taken  as  one 
criterion  of  piuity. 

Aqueous  solutions  of  ammonia  were  used  for  titration  purposes,  since 
ammonia  had  been  found  by  Wightman,  Wiesd  and  Jones*  to  give  the  most 
satisfactory  results.  Corallin  (rosolic  acid)  was  used  as  the  indicator, 
because  it  is  sensitive  to  ammonia  and  to  organic  adds,  and  is  not  sensitive 
to  carbon  dioxide  except  when  the  latter  is  present  in  fairly  large  quantity. 
The  endpoint  with  corallin  is  not  quite  as  sharp  and  distinct  as  with 
phenolphthalein,  and  considerable  practice  is  necessary  before  reliable 
results  can  be  obtained. 

Apparatus. — On  account  of  the  high  resistance  of  the  alcoholic  solutions 
of  the  acids  it  was  found  necessary  to  make  use  entirely  of  the  cylindrical 
type  of  conductivity  cell.  The  method  of  obtaining  the  constants  of  these 
cells  was  described  by  White^  and  by  Wightman.® 

Since  the  percentage  temperature  coefficients  of  conductivity  for  sub- 
stances dissolved  in  alcohol,  as  well  as  the  coeffident  of  expansion  of  the 
alcohol  itsdf ,  are  so  large,  it  is  necessary  to  regulate  the  temperatiu-e  as 
dosely  as  possible.  This  was  done  by  the  combination  of  a  spedally 
devised  gas  regulator  and  thermoregulator.    These  have  already  been 

»  PubL  Carnegie  Inst,  Wash.,  No.  X70,  Part  II  (1912);  No.  aio,  Chapter  II  (1915). 

*  Am,  Chem,  J.,  44,  156  (1910);  46^  56  (191 1);  48,  320,  411  (1912);  50,  i  (1913). 

»  This  Journal,  36,  2243  (1914);  ^«W.  Carnegie  Inst,  Wash,,  No.  2x0,  Chapter 
111(1915). 

*  This  Journal,  36,  2246  (1914)- 

»  Am.  Chem.  J.,  44,  156  (1910);  46,  56  (1911);  481  320,  4"  (19");  50,  1  (1913). 

*  This  Journal,  36,  2247-9  (1914)- 
^  Am.  Chem.  J.,  42,  527  (1909). 
8/Wd.,  44,  64  (191 1). 
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described  in  a  paper  by  Davis  and  Hughes.^  The  constant  ten]q[)erature 
baths  emp]o3red  were  of  the  improved  form  designed  by  Dr.  Davis,  ^  of 
this  laboratory.  In  these  baths  ordinarily  the  temperature  does  not 
vary  more  than  0.01  ^  which  is  sufficiently  constant  for  our  purpose. 
With  greater  precautions  as  to  insulation  against  changes  in  tempera* 
tore,  and  with  further  modification  of  the  thermoregulatory  the  variation 
can  be  decreased  to  a  few  thousandths  of  a  degree.  The  thermometers 
employed  were  of  the  di£Ferential  Beckmann  t3rpe,  and  were  carefully 
compared  with  a  standard  Reichsanstalt  thermometer,  which  had  been 
calibrated  also  at  the  United  States  Bureau  of  Standards.  The  re- 
sistance box  which  was  used  throughout  this  entire  investigation  had  also 
been  calibmted  at  the  Bureau  of  Standards.  A  very  fine  Kohhausch 
slide-wire  bridge  was  employed^  by  means  of  which  it  was  possible  to  read 
distances  on  the  slide-wire  correqxmding  to  tenths  of  a  millimeter  (the 
total  length  of  the  wire  was  five  meters).  Flasks,  pipets  and  burets  for 
measuring  purposes  were  in  all  cases  carefully  calibrated. 

Procedure. — The  solutions  of  organic  adds  in  alcohol  were  made  up  in 
200  cc.  Jena  measuring  flasks  calibrated  for  25^.'  A  portion  of  each 
solution  was  removed  to  fill  the  conductivity  cells  and  the  remainder  was 
used  for  the  titrations,  which  were  made  simultaneously  with  the  con- 
ductivity measurements.  At  first  thought  it  would  seem  probable  that 
keeping  the  solutions  in  the  flasks  at  a  constant  temperature  (25^),  and 
subjecting  the  solutions  in  the  cells  to  changes  in  temperature  (15-35**), 
would  produce  a  change  in  the  rates  of  esterification.  If  this  were  true, 
the  normafities  of  the  solutions  in  the  cells  would  be  different  from  the 
values  obtained  by  the  titration  of  the  solutions  in  the  flasks,  and  a  con- 
siderable error  would  be  introduced.  It  was  found,  however,  that  there 
was  no  appreciable  difference  in  the  amotmt  of  acid  present  at  any  moment 
m  a  given  solution,  whether  the  solution  was  kept  in  the  25**  bath  con- 
tinuously for  8  hours  or  whether  it  was  transferred  from  one  bath  to 
another  during  this  time.  The  reason  for  this  is  to  be  found  no  doubt 
in  the  slow  rate  at  which  esterification  takes  place  under  the  conditions 
of  this  investigation. 

Although  it  is  fajrly  certain,  then,  that  variation  in  the  temperature  has 
no  measurable  effect  upon  the  rate  of  esterification  in  alcoholic  solutions 
of  the  organic  adds,  this  variation  does  alter  to  a  considerable  extent  the 
volume,  and  therefore  the  amcentration  of  these  solutions.  For  example, 
a  solution  which  has  a  volume  of  1000  cc.  at  25**  contracts  to  989.23  cc. 
when  cooled  to  15^  and  expands  to  1011.14  cc.  when  warmed  to  35°. 
Because  of  this  fact  a  correction  has  to  be  applied  to  the  volume  calculated 

^     »  Z.  physik.  Chetn.,  85,  519  (1913). 

*  PM.  Carnegie  Inst,  Wash,,  No.  210,  121  (1915). 

•  Cf.  Tms  Journal,  36,  2247  (1914). 
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from  titration,  before  molecular  conductivity  can  be  estimated  at  15^ 
and  35°.  This  correction  was  made  in  the  following  way:  Let  us  sup- 
pose that  the  normality  of  a  given  solution  at  25*^,  as  determined  by 
titration  against  ammonia,  is  N».  The  normality  at  15®,  Nm,  would 
then  be  expressed  by  the  ratio  N15/0.98923,  and  the  true  volume  at  15* 
(t.  e.,  the  number  of  liters  which  contain  a  gram  molecular  weight  of  the 
dissolved  acid)  would  be  the  reciprocal  of  this  ratio,  or  0.98923/Nss. 
Similarly,  the  normality  at  35°  would  be  Ntt/1.01114  and  the  volume 
would  be  1.01114/NJ8. 

Results. 

In  the  following  tables  of  conductivity  results,  V„  is  the  volume  at 
which  the  solutions  were  made  up;  V^  is  the  corrected  volume.  The 
corrections  were  applied  in  the  manner  just  described,  both  for  expansion 
or  contraction  of  the  alcohol  and  for  change  in  the  concentration  of  the 
add  due  to  formation  of  ester.  Molecular  conductivity,  ix^,  was  calcu- 
lated in  the  usual  manner. 

MOI^SCULAR  CONPUei'lViTlKS, 


Acid. 

Vm.        V^. 

|.,15-. 

V^         M,  25-. 

V^        ,i,35*. 

8      7.94. 

0.004176 

8.04  0.005660 

8.13  0.007325 

Phenyl  acetic 

32    32.70 

O.OII22 

33.42  O.O1614 

34.08  0.02167 

128  146.9 

0.04392 

152.2      0.06347 

156.9     O.0859S 

5"  537.9 

O.I581 

545.0     0.2245 

552.2     0.2976 

8      7.99 

0.005234 

8.08  0.006666 

8.17  0.008346 

<0  rvi  <jnhu  tvTi  0 

32     32.71 

0.01429 

33.33  0.01813 

33.84  0.02264 

• 

128  139.5 

0.05022 

143.3     0.06391 

147.3     0.07969 

5"  537.6 

0.1699 

543.8     0.2208 

550.1     0.2718 

8      7.97 

0.007014 

8.06  0.009037 

8.16  O.OII43 

Bromo-pahnitic 

32     33.07 
128  151. 8 

0.01776 
0.07013 

33.52  0.02316 
154.9     0.09248 

33.99  0.02964 
158. I     O.I 183 

5x2  540.0 

0.2349 

546.1      0.3129 

552.5     0.3950 

8      8.12 

0.0190 

8.13  0.0237 

8.18  0.0319 

Malonic 

32     32.9 

0.0434 

33.2     0.0555 

33.7     0.0737 

128  129.3 

0.0775 

129.5     0.0985 

129.6     O.135I 

512  512.8 

0.2533 

514.9     0.3160 

518. I      0.4338 

'8       7.96 

0.01937 

8.05  0.02590 

8.15  0.03346 

Ethylmalonic 

32     32.28 
128  134.9 

0.06333 
0.2459 

32.70  0.08345 
137.1     0.3236 

33.13  0.1066 
140.6     0.4134 

.512  532.4 

0.9924 

538.5      1.295 

545.1      1.624 

8       7.95 

0.02857 

8.05  0.03860 

8.14  0.05022 

Diethylmalonic 

32     32.25 

0.06042 

32.66  0.08044 

33.040.1054 

128  136.0 

0.1257 

139.1      0.1732 

142.2     0.2279 

512  533.3 

0.2527 

539.4     0.3441 

546.0     0.4494 

8       7.95 

0.03271 

8.04  0.04220 

8.13  0.05280 

Propylmaionic              < 

32     32.21 

0.07995 

32.63  0.1049 

33.09  0.1326    • 

128  136.0 

0.2739 

139.1      0.3663 

141. 4     0.4628 

,512  533.3 

1. 021 

539.4      1.346 

545.7      1.692 
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MoLBCULAK  CowpucTiviTiKS  (continued). 


Add. 


Dipropylmalonic 


Butylmalonic 


Allylmalomc 


Benzylmalonic 


Monobromosucdnic 


Dibromosucdnic 


Sebocic 


Thiodiglyoolic 


Benzilic 


Maldc 


Fumaric 


Vm.  Vc. 

8  8.12 

33  31.29 

128  130.3 

512  540.3 

8  7.97 

32  32.89 

128  142.3 

5x2  535.0 


8 

32 

128 

5" 

8 

32 

128 


7  97 
33.07 
142.4 
540.6 

7.95 
32.23 

134.7 


512  533.0 

8  .... 
32  33.02 
128  150. I 
512  539-1 


8 

32 

128 

5" 

8 

32 

128 

512 

8 

32 

128 

512 

8 

32 

128 

512 

.  8 

32 

128 

512 

8 

32 

128 

512 


0.03354 
0.06759 
0.1416 
0.3031 


Vc.    n,  25*. 

8.22  0.04453 

31.84  0.09058 

131. 9  0.1889 
548.8  0.4078 


0.0169  8.08  0.0219 

0.0269  33.65  0.0363 

0.0549  147.8  0.0794 

0.1257  547.6  0.1780 

0.01309  8.06  0.01757 

0.02867  33.52  0.03882 

0.08701  145.2  0.1x70 

0.2822  546.7  0.3756 

0.03391  '8.04  0.04200 

0.04880  32.64  0.06x89 

0.X043  137. I  O.I36I 

0.3017  539.1  0.4032 


0.0426 
0.0827 
0.2167 


33.65  0.0556 
157.1  O.II77 
546.4  0.3087 


7.96 

32.31 
136.4 

533-3 

8.71 
34  20 
138.7 
579.5 

8.65 

33.95 
X38.1 
568.2 

7.96 
32.17 
134-0 
531.8 

7.95 
32.24 
136.3 
532.7 

7.98 
32.66 
140.3 
535.0 


0.01839  8.06  0.02441 

0.03648  33.76  0.04816 

0.09984  139. I  0.1289 

0.3130  539.4  0.4051 


8.33  0.05772 
32.45  O.I 178 
133.6  0.2442 

558.3  .... 

8.19  0.0277 

34.26  0.0479 

153.2   0.1069 

555.0  0.2364 

8.15  0.02304 
34.01  0.05068 

148.6  O.I49I 

553.4  0.4798 

8.13  0.05155 
33.04  0.07738 

139.4  O.X723 

545.7  0.5091 

34.26  0.0736 

162.5  0.1589 
553.4  O.4II2 

8.16  0.03213 
33.15  0.06206 

142.2   0.1654 
546.0  0.5105 


0.001794 
0.004001 
0.01387 
0.04694 

0.02326 
0.03263 
0.05261 
0.1119 

0.01660 

0.05527 

0.2x76 

0.8849 

0.1504 
0.2913 

0.5977 
1. 184 

0.00471 
0.00941 
0.0282 
0.0920 


8.83 
34.79 
140.6 
593.1 

8.76 

34.57 
140.0 

579.7 
8.05 
32.56 
137.1 
537.9 

8.04 
32.86 
139.8 
540.5 

8.09 
33.20 
144.8 
543.2 


0.00241 X 
0.005566 
0.01884 
0.06465 

0.02951 
0.04269 
0.07042 
0.I50I 

0.02200 
0.07267 
0.2882 


O.X922 

0.3768 

0.7806 
1.537 

0.00629 
0.0129I 
0.0392 
0.1276 


8.95 
35.44 

142.6 
605.1 

8.88 
35.15 
141.7 
587.5 

8.14 
33.04 
141. o 
544.8 

8.14 
33.38 
145.1 
546.8 

8.19 
33.79 
145.8 
550.4 


0.003 141 

0.007549 

0.02510 

0.08592 

0.03746 
0.05557 
0.09281 
0.2015 

0.02799 
0.0927X 

0.3711 
1.2x7 

0.2400 
0.4736 
1.0034 
1.932 

0.008x5 
0.017x0 

0.0515 
0.X668 
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JM.C 
Add. 

»LBCU 
Vm. 

NDUCllVITl 
M,15«. 

BS  {ccnnnuea). 

Vc.        ji,25«. 

Vc. 

*i.35». 

8 

7.95 

0.01452 

8.05  0.01946 

8.14 

0.03504 

Itaconic 

32 

128 

32.25 
133.0 

0.05870 
0.2413 

32.74  0.07795 
135.6    0.3214 

33.20 
137.9 

0.09963 
0.4100 

.512 

532.1 

0.9737 

538.5     1.2762 

545.1 

1.531 

8 

8. IX 

0.006683 

8.22  0.008393 

8.36 

0.01044 

Mesaconic 

32 
128 

31.67 
130.5 

0.0x264 
0.03132 

32.47  0.01636 
132.6    0.04005 

33.16 
134.6 

0.02059 
0.05074 

512 

551. 1 

0.1080 

564.3    0.1405 

575.5 

O.X784 

8 

7.95 

0.01797 

8.04  0.02240 

8.13 

0.02713 

Pheaylptt>piolic 

32 
128 

32.23 
135.3 

.  0.03400 
0.06868 

32.61  0.04278 
137.5    0.08641 

32.99 
139.8 

0.05 181 
0.1070 

.512 

532.4 

0. 1535 

538.8    0.1932 

545.1 

0.2478 

8 

7.95 

0.01359 

8.45  0.01.757 

8.15 

0.02238 

Aconitic                        \ 

32 

128 

33.06 
150. 1 

0.02529 
0.06649 

33.63  0.03403 
15s. 6    0.09492 

34.26 
164.2 

0.04481 
0.1309 

512 

539.1 

0.1838 

545.2     0.2606 

551. 9 

0.3471 

[      ' 

7.945 

0.002892 

8.05  0.004673 

8.15 

0.005444 

Benzoic                         \ 

32 
128 

32.62 
137.3 

0.009884 
O.O43II 

32.99  0.01405 
143.3    0.06205 

33.51 
149.7 

0.01893 
0.08563 

.512  536.7 

0.1583 

544-7     0.2233 

552.2 

0.2960 

8 

7.94 

.... 

8.04  0.005422 

8.15 

0.007153 

m-Chlorbenzoic 

32 
128 

32.84 
147.8 

O.OII36 
0.04907 

33.40  0.01610 
151. 7     0.06978 

33.79 
157.4 

0.02x49 
0.09523 

.512  537.9 

0.1829 

545.0    0.2556 

552.2 

0.3402 

8 

7.98 

0.005725 

8.08  0.007470 

8.17  0.009575 

m-Nitrobenzoic 

32 
128 

32.65 
140.8 

0.01786 
0.07293 

33.07  0.02308 
143.5     0.09414 

33.54 
146.9 

0.029x5 
O.II78 

.5x2 

537.9 

0.2754 

544.1     0.3526 

550.7 

0.4362 

• 

8 

7.95 

0.01947 

8.04  0.02554 

8.13 

0.03390 

1^,5-Dinitrobenzoic     - 

32 
128 

32.28 
135.6 

0.03083 

32.72  0.04113 
138.7 

33.15 
141. 4 

0.05377 

.512 

532.7 

0.4427 

538.8    0.4980 

545.1 

0.6192 

8 

8.69 

2.934 

8.80  3.502 

8.91 

4.120 

Picric 

32 

34.02 

5.202 

34.64  6.264 

35.15 

7.392 

JiM\UiK, 

128 

138.3 

9.569 

140.3     11.445 

142.2 

13.484 

.512 

570.8 

18.192 

585.8     22.031 

597.3 

26.106 

8 

7.97 

16.63 

8.06     .... 

8.15 

25.63 

Sulfosalicylic 

32 
128 

32.24 
137.6 

26.60 
36.46 

32.68  30.68 
140.7     42.81 

33.14  34.87 
143.9     50.06 

512 

533.0 

40.18 

539.4    44.35 

546.0 

55.94 

8 

7.98 

0.03531 

8.07  0.04290 

8.17 

0.05160 

o-Aminobenzoic 

32 
128 

32.62 
139.9 

0.02760 
0.05x46 

33.07  0.03400 
142.7     0.06279 

33.53 
145.5 

0.04342 
0.07697 

5" 

534.4 

O.I817 

540.5     0.2092 

546.9 
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MoLBcvuA  CoNDUcnvxrms  (conHnued). 


AckL 


^Aminobenzoic 


o-Toluic 


^Toluic 


Cino&niic 


Phthalic 


Dichlarophthalic 


Anisic 


Vm-    V«. 

Ji,l3*. 

v«. 

*i»23«. 

v^. 

*i»a5^ 

8   7.95 

0.2020 

8.Q5 

0.2427 

8.14 

0.2897 

32  32.36 

0.2397 

32.80 

0.2910 

33.23 

0.3512 

128  138. I 
.5"  533.3 

0.2665 

141. 4 

0.3331 

143.8 

0.4128 

0.2165 

539.7 

0.2672 

545.7 

0.3231 

8   7.98 

0.005429 

8.08 

0.00672] 

:  8.17 

0.008174 

32  32.63 

0.01299 

33.07 

0.01637 

33.48 

0.01992 

128  140.0 

0.04298 

142.7 

0.05680 

144.7 

0.06917 

.512  537.3 

0.1230 

543.5 

0.1745 

549.8 

0.2078 

8   7.95 

0.001288 

8.04 

0.001648   8.13 

0.002163 

32  32.27 

0.003453 

32.68 

0.004444  33.09 

0.005923 

128  136.0 

0.01387 

138.3 

0.01770 

i4i.4 

0.02588 

.512  532.7 

0.04262 

539.1 

0.05283 

545.7 

0.06930 

8   7.97 

0.001370 

8.06 

0.001782 

I     8.16 

0.002350 

32  32.81 

0.003612 

33.28 

0.004601 

;  33.85 

0.006222 

128  141. 6 

0.01297 

144.0 

0.01660 

146.9 

0.02205 

.512  535-1 

0.04243 

541.4 

0.04737 

548.3 

0.06585 

8   7.95 

0.02880 

8.04 

0.03945 

8.14 

0.05217 

32  32.23 

0.07932 

32.63 

0.1077 

33.02 

0.1401 

128  136.4 

0.2804 

138.7 

0.3771 

141.8 

0.4847 

.512  533.6 

1.043 

539.7 

1.378 

546.3 

1-747 

8   .. 
32  33-73 

.... 

, , 

«... 

, , 

.... 

0.05056 

34.32 

0.06579 

34.99 

0.08331 

128  138. I 

0.08203 

139.8 

0.1047 

141. 4 

0.1315 

512  568.2 

0.1386 

579.7 

0.1803 

588.6 

0.2313 

8   7.97 

0.0x259 

8.06 

0.01662 

8.15 

0.02118 

32 
128  142.0 

0.2173 

144.8 

0.2880 

146.9 

0.3625 

,512  539.7 

0.8025 

545.8 

1.052 

552.2 

1.255 

8   8.X0 

0.005370 

8.20 

0.007271 

\   8.30 

0.009553 

32  32.60 

0.01232 

33.01 

0.01680 

33.57 

0.02216 

128  129.2 

0.03256 

130.8 

0.04303 

132.6 

0.05529 

.512  455.2 

0.09377 

498.0 

0.1389 

504.8 

0.1787 

16   15.91 

0.006475   16. II 

0.008957 

16.32 

0.01138 

64   64.49 

0.01058 

65.79 

0.01539 

66.92 

0.01907 

256  272.1 

0.02258 

291.5 

0.03236 

309.4 

0.04301 

1024  I 159.0 

0.04637 

1176.0 

0.06706 

1191 .0 

0.09171 

Manddic 


Camphoric 


Discussion  of  the  Results. 
The  most  striking  feature  of  the  conductivities  of  the  organic  adds  in 
alcohol,  as  shown  by  an  examination  of  the  foregoing  tables,  is  their 
extremely  small  value.  In  nearly  all  cases,  the  conductivities  are  several 
hundred  times  smaller  than  the  conductivities  of  the  same  acids  in  water. 
When  we  consider  the  fact  that  alcohol  has  from  one-fourth  to  one-fifth 
the  dissociating  power  of  water,  as  shown  by  the  dissociation  of  strong 
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electrolytes  in  these  solvents,  the  above  fact  does  not  at  present  seem 
to  admit  of  any  very  satisfactory  explanation. 

The  effect  of  increase  in  the  dilution  is  to  increase  the  molecular  con- 
ductivity. The  increase  in  conductivity  in  many  cases  is  almost  pro- 
portional to  the  volume. 

A  knowledge  of  the  extent  to  which  organic  acids  are  dissociated  in 
alcoholic  solution  would  be  highly  desirable*  It  is  hoped  that  a  method 
for  the  determination  of  percentage  dissociation  will  be  worked  out  in  the 
near  future.  Goldschmidt^  obtained  values  for  the  limiting  conductivities 
of  several  organic  acids  in  alcohol  from  the  /*oo  values  of  their  sodium 
salts.  These  varied  from  83  to  93,  depending  on  the  nature  of  the  add. 
It  has  not  yet  been  found  practicable  to  determine  the  limiting  con- 
ductivities of  the  organic  acids  studied  in  this  investigation,  but  as  a 
result  of  Goldschmidt's  work  it  is  certain  that  they  do  not  differ  greatly 
from  90.  If  this  be  the  case,  the  dissociation  of  the  organic  acids  studied 
by  the  authors,  as  determined  by  conductivity,  do  not,  in  any  case,  exceed 
2%  even  in  A/^/512  solutions. 

Relation  between  Composition  and  Conductivity. 

In  his  classical  study  of  the  conductivity  of  aqueous  solutions  of  organic 
acids,  to  which  reference  has  already  been  made,  Ostwald'  pointed  out  a 
number  of  relations  between  composition  and  molecular  conductivity. 
The  general  validity  of  these  relations  has  been  confirmed  by  the  work 
which  has  been  in  progress  in  this  laboratory  for  the  past  fifteen  years. 
In  view  of  this,  an  examination  of  the  results  obtained  for  alcoholic  solu- 
tions, in  the  attempt  to  discover  similar  relations,  should  prove  to  be 
interesting. 

Take  the  following  compotmds: 

H  —  C  —  COOH 


Maleic  add 

II 
H  —  C  —  COOH 

Pumaxic  add 

HOOC  —  C  —  H 

II 
H  —  C  —  COOH 

Mesaconic'add 

HOOC  — C  — CH, 

II 
H  —  C  —  COOH 

Itacomcadd 

CH, 

II 

C  — COOH 

CH,  —  COOH 
The  conductivity  of  maleic  add  is  many  times  that  of  ftunaric.    This 

*  Z.  Elektrochem,,  15,  4  (1909);  20,  473  (1914);  ^'  physik,  Chem.,  70,  627  (1910);  8x» 
30  (1912);  89,  129  (1914). 

*  Z,  physik,  Ckem.,  3,  170,  241,  369  (1889). 
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fact  is  in  keeping  with  the  results  obtained  in  aqueous  solution,^  and 
with  the  present-day  conception  of  the  configuration  of  these  acids. 
Mesaconic  add  is  a  methyl  substitution  product  of  fumaric  acid,  and  its 
conductivity  is  of  the  same  order  of  magnitude  as  that  of  the  fumaric 
acid.  Itaconic  acid,  which  is  isomeric  with  mesaconic,  but  which  has 
very  different  constitution,  shows  much  higher  conductivity.  Malonic 
add,  at  a  volume  at  32  and  at  25^,  has  a  molecular  conductivity  of  0.055. 
Under  the  same  conditions,  ethylmalonic  add  has  a  conductivity  of 
0.083;  diethylmalonic,  0.080;  propylmalonic,  0.105;  dipropylmalonic, 
0.090;  butylmalonic,  0.036;  allylmalonic,  0.039;  and  benzylmalonic, 
0.062. 

The  above  results  show  that  the  introduction  of  an  ethyl  group  in- 
creases the  conductivity,  while  the  introduction  of  a  second  ethyl  group 
tends  to  decrease  the  conductivity  of  ethylmalonic  add.  Propylmalonic 
acid  has  imiformly  higher  conductivity  than  ethylmalonic,  and  the  con- 
ductivity of  the  dipropyl  acid  is  uniformly  higher  than  that  of  the  diethyl. 
Just  as  diethylmalonic  acid  has  smaller  conductivity  than  ethylmalonic, 
so,  dipropylmalonic  acid  has  smaller  conductivity  than  propylmalonic. 

Butylmalonic  add  and  allylmalonic  add,  at  the  dilution  in  question, 
have  smaller  conductivities  than  malonic  add  itself;  but  as  the  dilution 
increases,  the  conductivity  of  allylmalonic  acid  becomes  greater  than 
that  of  malonic  add. 

Benzylmalonic  add  has  greater  conductivity  than  malonic  acid,  but 
less'  than  ethylmalonic  acid.  This  is  espedally  interesting,  in  considera- 
tion of  the  fact  that,  in  general,  a  phenyl  derivative  of  an  add  has  much 
greater  conductivity  than  the  corresponding  methyl  derivative;  e.  g., 
the  conductivity  of  acetic  add  in  alcohol  is  so  small  that  it  cannot  be 
accuratdy  meastured.  On  the  other  hand,  benzoic  add  has  a  conductivity 
of  0.014.    Again,  benziUc  add  having  the  formula 

CeHjv 


1/     x:oc 


C«H/       x:ooH 

has  a  mudi  greater  conductivity  than  the  corresponding  methyl  derivative, 
oiyisobutyric  add 

This  is  in  keeping  with  the  results  obtained  for  these  acids  in  aqueous 
solution,'  and  with  the  general  observation  that  the  replacement  of  a 
methyl  group  by  a  phenyl  group  increases  the  conductivity. 

Phenylpropiolic  add  CeHft  —  C  =  C  —  COOH  has  a  conductivity  many 
times  larger  than  that  of  dnnamic  add 

1  PiM,  Carnegie  Inst,  Wash.,  No.  170,  113  (1912). 
*lbid„  No.  170,  115,  132  (1912). 
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CeHfi  —  CH  =  CH  —  COOH. 
This  is  in  accord  with  what  was  found  for  these  same  adds  in  aqueous 
solutions. 
Take  the  following  series: 

Benzoic  acid,  QJHftCOOH. 

w-Chlorobenzoic  add,  C«H4CIC00H. 

w-Nitrobenzoic  add,  C6H4NO2COOH. 

1,3,5-Dinitrobenzoic  add,        C«Ha(N02)2COOH. 

o-Toluic  add,  C6H4CH8COOH. 

^-Toluic  add,  C6H4CH3COOH. 

The  conductivities  of  benzoic  add  and  of  <?-toluic  add  are  about  equal, 
whereas  the  conductivity  of  ^-toluic  acid  is  very  much  less.  That  the 
same  relation  holds  also  for  other  substituent  groups  may  be  seen  from 
the  residts  obtained  a  year  ago  by  Wightman,  Wiesd  and  Jones.  ^  For 
example,  the  conductivity  of  <?-chlorQbenzoic  add  and  of  o-nitrobenzoic 
add  are  approximatdy  the  same  as  that  of  benzoic,  but  the  conductivities 
of  the  corresponding  para-adds  are  considerably  less. 

It  is  a  well  estabUshed  fact  that  in  aqueous  solution  the  conductivity 
of  benzoic  add  is  somewhat  increased  by  the  introduction  of  methyl, 
chlorine,  or  the  nitro  group,  in  the  para  position;  and  enormously  in- 
creased by  the  introduction  of  one  of  these  groups  in  the  ortho  position. 
In  contradistinction  to  this,  the  effect  of  these  groups  upon  the  con- 
ductivity in  alcoholic  solution  appears  to  be  negative.  Just  the  opposite 
is  true  if  the  chlorine  or  nitro  group  occupies  the  meta  position.  In 
these  cases  the  conductivity  of  benzoic  add  is  somewhat  increased. 

The  introduction  of  a  second  nitro  group  into  m-nitrobenzoic  add  still 
further  increases  the  conductivity.    While  benzoic  acid  CeHsCOOH  has  a 

yCOOH 

conductivity  of  only  0.015,  phthalic  add  CeH4\  a   dicarboxy 

XOOH((?) 
derivative,  has  a  conductivity  of  0.108,  which  is  seven  times  as  great. 
This  same  rdation  holds  in  aqueous  solutions.^ 

Of  all  the  acids  studied  in  this  investigation,  with  one  exception,  picric 
add,  C6H2(N02)30H  is  the  strongest.  The  only  stronger  add  in  alcoholic 
solutions  is  sulfosalicyUc,  which  has  a  conductivity  approaching  that  of 
hydrochloric  add  in  this  solvent.  This  is  in  general  analogous  to  what 
was  foimd  when  these  compounds  were  dissolved  in  water,  •  sulfosalicyUc 
add  in  water  having  almost  exactly  the  same  conductivity  as  hydro- 
chloric add  in  that  solvent. 

In  order  to  compare  the  conductivities  of  the  above  named  organic 

^  This  Journal,  36,  2251-2252  (1914). 

*  Puhl,  Carnegie  Inst.  Wash.,  No.  170,  116,  133  ( 1*91 2). 

*  Ibid.,  170,  120,  121  (1912). 
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adds  in  alcohol,  with  the  conductivities  of  these  same  compounds  in 
water,  reference  must  be  had  to  Publication  of  the  Carnegie  Institution 
of  Washington,  No.  170  (1912). 

BALTIMOigi.   Md. 
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Kansas.] 

ON  THE  ACTION  OF  CERTAIN  ACID  REAGENTS  ON  THE  SUB- 
STITUTED UREAS  AND  THIAZOLE. 

[second  paper.] 

By  P.  B.  Daxns.  R.  C.  Robrkts  and  R.  Q,  Brswstbb. 
Received  November  13.  1915. 

This  is  a  continuation  of  an  investigation^  begim*  several  years  ago  on 
the  reactivity  of  the  anilido  hydrogen  in  the  oxygen  and  sulfur  ureas  and 
is  a  study  of  the  effect  of  acyl  reagents  on  the  grouping  — ^NHCO(S)NH — 
or  NH  —  C  =  NR  in  both  open-chain  and  ring  compounds. 

I 

SR 
Disubstituted  Ureas  and  Acid  Chlorides. — ^As  has  been  previously 
shown,  a  urea  of  the  type  RNHCONHR  reacts  with  an  acid  dbloride  at 
150-160  **  giving  the  amidine  hydrochloride,  RNH  —  C  »  NR^  HCl  and 

R 
carbon  dioxide.    An  acyl  derivative  of  the  urea  is  first  formed.    This  then 
dissociates  into   carbanilide  and  an  isocyanate,   RNHCOR  +  RNCO, 
which  at  the  temperature  employed  react  giving  carbon  dioxide  and  the 
amidine.' 

Molecular  proportions  of  benzoyl  chloride  and  di-o-tolylurea  were 
heated  in  a  sealed  tube  at  170**  for  four  hours.    The  tube  opened  with 
pressure,  due  to  carbon  dioxide  and  hydrogen  chloride,  while  the  odor  of 
isocyanate  could  be  detected  in  the  escaping  gases.    The  solid  contents 
of  the  tube  consisted  of  benz-t7-tcduide  and  the  hydrogen  chloride  salt 
of  a  base,  which  was  freely  soluble  in  water.    The  base,  benz-di-<?-tolyl- 
amidine,  C^Hs  —  C  =  NCtHtCNHCtH?)  was  precipitated  with  sodium 
hydroxide  and  purified  by  crystallization  from  alcohol,  in  which  it  is 
easily  soluble.     It  separated  in  fine,  white  needles  melting  at  87-8®. 
Calc.  for  CsiHjoNi:  N,  9-33%-     Found:  9-44%. 
Diphenylurea  and  isovaleryl  chloride  react  at   140°  giving  a  base, 
isovaler-diphenylamidine,  which  melts  at  103**.     It  was  identified  by  the 
analysis  of  the  yellow  platinum  salt,  which  has  a  melting  point  of  207  ®. 
Calc.  for  (CnHjoNOjHjPtCle:  Pt,  21.35%.    Found:  21.22%,  21.44%. 
1  Tms  JoURNAi,,  22|  181  (1900). 
*  Ibid.,  2a,  188  (1900). 
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The  picrate  of  this  base  melts  at  144-5^.  This  is  possibly  identical 
with  the  amidine  obtained  by  Hofmann^  as  a  result  of  heating  isovaleric 
acid,  &nilin  and  phosphorus  trichloride.    His  product  melted  at  1 1 1  ^. 

Di-w-tolylurea  and  isovaleryl  chloride  were  heated  in  a  sealed  tube  at 
140-50®.    From  the  reaction  product  was  isolated  the  base,  isovaler-di- 
m-tolylamidine,  which  crystallizes  in  fine,  white  needles  melting  at  102®. 
Calc.  for  CitHtiNs:  N,  10.00%.    Found:  10.64%. 

The  yellow  platinum  salt  melts  at  214®. 

Calc.  for  (Ci«H«Ni)tHjPtCU:  Pt,  20.01%.    Found:  20.09%. 

From  di-/>-tolylurea  and  isovaleryl  chloride  was  obtained  isovaler-di-/>- 
tolylamidine,  white  crystals  from  alcohol  with  a  melting  point  of  91-2®. 
Calc.  ior  CitHj4Nj:  N,  10.00%.    Found:  9.86%. 

The  amidine  hydrochloride  melts  at  175®  and  the  platinum  salt  at  199®. 
Calc.  for  (Ci9HMNi)8HtPtCl«:  Pt,  20.01%.    Found:  20.19%. 

Under  like  conditions,  molar  proportions  of  di-/>-tolyltu'ea  and  *«-nitro- 
benzoyl  chloride  gave  m-nitrobenz-Z'-toluide  and  the  base  m-nitrobenz- 
di'/'-tolylamidine.  This  separates  from 'alcohol  in  fine,  yellow  needles, 
which  mdt  at  137  ^ 

Calc  for  CuHiiOiNs:  N,  12.18%.    Found:  12.27%. 

Thioureas  and  Acid  Chlorides. — Previous  investigations  have  shown' 
that  the  substituted  thiotueas  and  acid  chlorides  may  react  with  the 
formation  of  an  acyl  derivative  of  the  urea,  a  molecular  addition  product 
of  the  urea  and  the  add  chloride,  or  at  an  elevated  temperattu^  with  the 
production  of  a  mustard  oil  and  a  substituted  add  amide.  Additional 
evidence  is  afforded  by  the  following  experiments:  Thus  at  90**,  acetyl 
diloride  and  di-a-naphthylthiotuea  give  a-naphthyl  mustard  oil  and 
a-acetnaphthalide,  while  at  160®  the  same  urea  reacts  with  benzoyl  chlo- 
ride with  the  formation  of  th^  mustard  oil  and  a-ben2naphthalide.  Only 
traces  of  a  basic  product  are  formed. 

Corresponding  results  are  obtained  when  a  diadd  diloride  is  used. 
When  a  molar  mixture    of    thiocarbanilide    and    phthalyl  diloride   is 
heated  at  160^,  the  main  products  are  phenyl  mustard  oil  and  phthalanil 
in  accordance  with  the  following  equation: 
C«H4(C0Cl)i  +  CeHftNHCSNHCeHs  = 

CeHjNCS  +  C«H4(CO)iNC6H6  +  2HCI 
A  small  amount  of  triphenylguanidine  is  also  formed,  as  a  result  prob- 
ably of  the  action  of  hydrogen  diloride  on  the  thiocarbanilide. 

Under  like  conditions,  phthalyl  diloride  and  diphenyl  urea  give  chiefly 
phthalanil,  although  the  odor  of  phenyl  isocyanate  as  well  as  phosgene 

*  Hofmann,  Jahresb.,  1865,  416. 

*  Deninger,  Ber,,  28,  1332  (1895);  Dixon,  J,  Chem.  Soc.,  X0X|  2522  (1913);  Dains, 
Tms  JouRNAi,,  22,  191  (1900). 


Digitized  by  VjOOQIC 


ACTION  OF  ACID  REAGBNTS  ON  UREAS  AND  THIAZOLE.  I33 

was  noted  on  opening  the  tube.  It  would  seem  that  at  160^  the  iso- 
cyanate  was  capable  of  reacting  with  the  add  chloride  giving  phthalanil 
and  carbonyl  chloride. 

C6H4(C0C1),  +  CeHsNCO  «  C6H4(CO),NC6H6  +  COCl,. 

No  amidine  formation  occurs  as  in  the  case  of  the  simple  add  chloride. 

Thioureas  and  Urea  Chlorides. — Dixon^  found  that  when  thiocarbanilide 
was  heated  with  methyl  phenyl  urea  diloride,  there  residted  phenyl 
mustard  oil  and  triphenyl  guanidine.  Some  yeafs  ago,  before  Dixon's 
work  appeared,  the  action  of  diphenyl  urea  chloride  on  certain  thioureas 
was  tried,  and  as  the  restdts  confirm  the  investigation  of  Dixon,  they  will 
be  briefly  noted.  Thiocarbanilide  and  diphenyl  urea  diloride  react 
easily  and  smoothly  at  110-120^  with  the  formation  of  carbonyl  sulfide, 
phenyl  mustard  oil,  triphenyl  guanidine  and  diphenylamine,  according 
to  the  general  equation 
(CeHOtNCOCl  +  ^RNHCSNHR  = 

(C6H6)2NH  +  COS  +  RNCS  +  (RNH)iC  =  NR.HCl. 
Under  like  conditions,  the  urea  diloride  and  di-^-tolylthiourea  gave 
f-tolyl  mustard  oil  and  tri-p-tolyl  guanidine,  while  from  di-o-tolylthio- 
.urea  was  isolated  the  corresponding  mustard  oil  and  guanidine.  The 
guanidines  were  identified  by  their  mdting  points  and  the  analysis  of  their 
platinum  salts. 

That  the  oxygen  ureas  behave  in  a  similar  manner  was  shown  by  the 
fact  that  when  diphenylurea  and  diphenylurea  chloride  were  heated  at 
170**  in  a  sealed  tube,  the  products  were  carbon  dioxide,  phenyl  isocyanate 
and  triphenyl  guanidine. 

The  trisubstituted  thioureas,  compounds  of  the  t3rpe  RiNCSNHR, 
cofitain  an  anilido  hydrogen  which  can  be  easily  replaced  by  an  acyl 
group.  Thus  Dixon  and  Taylor*  have  shown  that  a,j8-diphenyl»a- 
methylthiourea  and  benzoyl  chloride  form  an  addition  product,  which 
readily  loses  hydrogen  chloride  yielding  benzoyl-diphenyl-methyl-thio- 
urea,  a  stable  compound  not  easily  desulfurized. 

The  same  ease  of  replacement  was  noticed  in  the  case  of  diphenyl- 
ethyl-thiourea  and  carbonyl  diloride.  To  a  benzene  solution  of  the 
thiourea  (two  mols)  and  pyridine  (two  mols)  was  added  a  molar  solution 
of  phosgene  in  benzene.  The  solution  became  warm  and  pyridine  hydro- 
chloride was  deposited.  From  the  benzene  solution  was  isolated  a  com- 
pound, which  crystallizes  from  alcohol  in  fine,  white  needles,  melting  at 
166^.  The  analysis  gave  figures  corresponding  to  carbonyl  bis-diphenyl- 
ethyl-thiourea,  CO(NC«H5CSNC»H5.C2H6)2. 

Calc.  for  CjiHjoONiS:  N,  10.41%.    Found:  10.62%,  10.50%. 
»  /.  Chem.  Soc.,  75,  405  (1899). 
*  Ibid,,  loi,  2522  (1912). 
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It  is  not  desulfurized  by  boiling  with  mercuric  oxide  in  benzene  solu- 
tion. 

Urea  Chlorides  and  Tri-substituted  Thioureas.  Synthesis  of  Tetra- 
substituted  Oxygen  Ureas. — Efforts  to  bring  about  reaction  between  the 
trisubstituted  thioureas  and  turea  chloride  in  solution,  even  in  the  presence 
of  pyridine,  have  thus  far  proved  fruitless.  Dixon^  met  with  the  same 
success,  as  he  foimd  that  benzyl-phenyl-ethyl-thiourea  was  not  affected 
by  diphenyl  inrea  chloride  in  a  boiling  chloroform  solution. 

However,  when  higher  temperatures  are  used  the  following  general 
reaction  occurs,  giving  a  mustard  oil  and  a  tetra-substituted  urea: 
RjNCSNHR  +  CICONR2  =  HCl  +  RNCS  +  RjNCONR, 

Molar  quantities  of  diphenyl-methyl-thiourea  and  diphenyl  urea 
chloride  were  heated  in  an  oil  bath  at  150^.  From  the  reaction  product 
was  obtained  phenyl  mustard  oil  and  a  sulfur  free  compound  melting  at 
105**.  It  was  readily  soluble  in  alcohol  and  proved  to  be  triphenyl- 
methyl-urea,  (C«Hft)2NCONC«H6.CH3. 

Calc.  for  CioHnONi:  927%.    Found:  9.44%.  9-45%. 

Under  like  conditions,  diphenyl-methyl-thiourea  and  phenyl  methyl 
urea  chloride  gave  phenyl  mustard  oil  and  diphenyl-dimethyl-urea, 
identical  with  the  product  obtained  by  Michler  and  Zimmermann.* 

From  diphenyl-ethyl-thiourea  and  diphenyl  urea  chloride  was  obtained 
the  phenyl  mustard  oil  and  triphenyl-ethyl  urea  (m.  p.  79*')»' 

Equal  mols  of  diphenyl-ethyl-thioinrea  and  phenyl  methyl  urea  chloride 
react  at  150-60**  yielding  the  mustard  oil  and  a,j8-diphenyl-a,)3-methyl- 
ethyl  urea.    It  was  ptuified  by  crystallization  from  gasoUne  and  is  easily 
soluble  in  alcohol  and  benzene,  sparingly  so  in  ether.    It  melts  at  74®. 
Calc.  for  CwHuOjN:  11.02%.    Found:  11.15%,  "'35%. 

The  same  urea  was  prepared  and  its  constitution  thus  proven,  by 
heating  a  mixture  of  phenyl-ethyl-amine,  phenyl  methyl  urea  diloride 
and  pyridine  at  140°. 

Isothiourea  Ethers  and  Acid  Chlorides. — ^In  a  previous  paper,^  results 
were  obtained  which  indicated  that  the  anilido  hydrogen  of  isothiourea 
ethers  of  the  t)rpe,  RN  —  C(NHR)SR,  could  be  easily  replaced  by  an 
acyl  group.  The  following  experimental,  work  substantiates  this  view. 
The  methyl  ether  of  isothiodiphenyl  urea  was  heated  at  water  bath  tem- 
perature for  fifteen  minutes  with  a  little  more  than  one  equivalent  of 
acetic  anhydride,  the  resulting  Ught  yellow  liquid  was  dissolved  in  alcohol, 
diluted  with  water  and  allowed  to  stand  and  the  white  solid  which  grad- 
ually precipitated  re-dissolved  in  hot  dilute  alcohol  from  which  it  separated 

1  7.  Chem,  Soc„  75,  399  (1899). 

*  Ber.,  12,  1 166  (1879);  Jahrb.,  1881,  335- 
>  Ber.,  9,  712  (1876);  14,  2185  (1881). 

*  This  Joxjrnai,,  2a,  196  (1900). 
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in  cubical  crystals  melting  at  71^.    It  proved  to  be  the  methyl  ether  of 

acetyl-isothiodiphenyl  urea,  QHiN  «  C  —  N(C0CH8)C«Hs. 

I 
SCHa 

Calc.  for  CieHisONjS:  N,  9.78%.    Found:  990%,  10.04%. 

The  addition  of  the  acetyl  group  has  greatly  reduced  the  basic  prop- 
erties of  the  isothiourea  ether.  The  acyl  derivative  is  only  slightly 
soluble  in  dilute  acids.  It  does  not  form  a  soUd  hydrochloride,  when 
hydrogen  chloride  is  passed  into  its  benzene  solution,  nor  does  it  give  a 
picrate.  Alkalies  split  off  the  acetyl  group  giving  the  original  ether. 
It  is  more  stable,  however,  than  the  corresponding  acetyl  derivative  of 
the  simple  thiocarbanilide,  since  that  dissociates  above  its  melting  point 
into  mustard  oil  and  acetanilide. 

Methyl  acetyl-isothiodiphenyl  urea  is  readily  soluble  in  chloroform^ 
benzene  and  gasoline,  but  only  moderately  so  in  ether. 

The  same  acetyl  derivative  can  be  easily  prepared  by  adding -acetyl 
chloride  (one  mol)  to  a  benzene  solution  of  the  me.thyl  ether  (two  mols) 
and  allowing  the  mixture  to  stand.  On  examination  the  supernatant 
liquid  was  found  to  contain  the  acetyl  compound,  while  the  soUd  residue 
consisted  of  the  hydrogen  chloride  salt  of  the  original  methyl  isothioturea 
ether. 

The  Ethyl  Ether  of  m - Nitrobenzoyl  Isothio-di-o-tolyl-urea» 
CtHtNiC  — S  — C2H5 

I  . — ^Molecular  quantities  of  the  ethyl  ether  and 

C7H7 — N  —  C0C«H4N0i 

pyridine  (to  unite  with  the  hydrogen  chloride)  were  dissolved  in  benzene 
and  the  w-nitro-benzoyl  chloride  slowly  added.    After  filtering  from  the 
pyridine  hydrochloride,  the  evaporation  of  the  benzene  solution  gave  the  . 
nitro-benzoyl  derivative,  which  after  recrystallization  melted  at  122*^. 
Calc.  for  Cj4HmO,N,S:  N,  9.70%.    Found:  985%.  9-90%. 

The  compound  is  not  basic  and  is  readily  decomposed  by  boiling 
alcoholic  potash,  giving  ethyl  mercaptan,  di-<?-tolyl  urea  and  w-nitro- 
benzoic  add. 

Under   Kke    conditions    the   methyl    ether    of    isothiodiphenyl    urea, 
P3rridine  and  m-nitro-benzoyl  chloride  gave  the  methyl  ether  of  w-nitro- 
benzoyl-isothio-diphenyl  urea.    Purified  from  gasoline,  it  melts  at  loi®. 
Calc  for  C»Hi70aNtS:  N,  10.70%.    Found:  10.51%,  10.60%. 

The  Isothiourea  Ethers  and  Urea  Chlorides. — From  the  ease  of  sub- 
stitution of  an  acyl  group  in  the  isoureaethers  and  the  general  stability 
of  the  molecule,  it  was  thought  that  there  might  be  a  possibility  of  intro- 
dudng  the  grouping  R2NCO  in  place  of  the  anilido  hydrogen  in  these 
compounds.  All  efforts  to  bring  about  combination"  at  the  temperature 
of  boiling  benzene  were  without  success,  while  at  higher  temperatiu'es  the 
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following  reaction  was  found  to  occur  with  the  formation  of  an  alkyl 
chloride,  mustard  oils  and  a  trisubstituted  urea. 

RNHC  —  SR  +.  R2NCOCI  =  RNCS  +  RCl  +  RNHCONRj. 
II 
NR 

The  methyl  ether  of  isothio-diphenyl  urea  and  diphenyl  urea  chloride 
were  heated  in  a  sealed  tube  at  150®  for  four  hours.  The  tube  opened 
with  pressure,  due  to  methyl  chloride  and  the  odor  of  mercaptan  was 
noticeable.  From  the  contents  of  the  tube  were  isolated  phenyl  mustard 
oil  and  methyl-diphenyl  lu-ea,  white  crystals  from  gasoline,  melting  at 
106  ^ 

Calc.  for  C14H14ON1:  N,  12.41%.    Found:  12.63%. 

It  was  further  identified  by  its  synthesis  from  aniline  and  methyl 
phenyl  lu-ea  chloride.  The  same  urea  was  obtained  by  Gebhardt^  from 
phenyl  isocyanate  and  mono-methyl  analine. 

o-Tblyl-methyl-phenyl  Urea.— The  ethyl  ether  of  isothio-t7-tolyl  urea 
and  methyl  phenyl  urea  chloride  were  heated  at  150*^  with  the  resulting 
formation  of  ethyl  chloride,  <?-tolyl  mustard  oil  and  o-tolyl  methyl  phenyl 
urea,  C7H7NHCON(CH3)CflH6.  This  crystallized  from  gasoline  in  fine, 
white  needles  melting  at  117**.  The  same  urea  was  also  prepared  by 
heating  o-tohiidine  and  the  methyl  phenyl  urea  chloride  at  125  ®. 
Calc.  for  CijHieONi:  N,  11.66%.    Found:  11.50%,  11.72%. 

Under  like  conditions,  diphenyl  lurea  chloride  and  the  ethyl  ether  of 
isothio  di-o-tolyl  urea  gave  ethyl  chloride,  o-tolyl  mustard  oil  and  a,a-di- 
phenyl-j8-o-tolyl  iu"ea,  white  crystals  easily  soluble  in  alcohol,  benzene 
and  chloroform,  moderately  soluble  in  gasoline,  with  a  melting  point  of 

Calc.  for  C20H18ON2:  N,  927%.  Found:  905%,  911%. 
The  mechanism  of  the  reaction  between  the  iwea  chlorides  and  the 
substituted  ureas  and  the  thiourea  ethers  is  open  to  question.  Dixon* 
has  suggested  that  the  acyl  chlorides  react  by  first  addition  to  the  sulfur 
atom  which  becomes  tetravalent.  These  addition  products  which  have 
been  isolated  in  many  cases  break  down,  either  by  heating  above  their 
dissociation  points  or  under  the  influence  of  solvents,  loss  of  halogen 
hydride  occurs  and  the  add  group  of  the  type  RCO  migrates  to  a  nitrogen, 
giving  acyl  nitrogen  derivatives.  The  stability  of  the  resulting  sub- 
stitution product  seems  to  depend  upon  the  presence  of  a  reactive  anilido 
hydrogen.  Thus  acetyl-diphenyl  thiourea  easily  dissociates  into  acet- 
anilide  and  phenyl  mustard  oil,  while  the  dibenzoyl  diphenyl  thiourea 
is  stable.  When  a  phenyl  group  is  replaced  by  the  more  positive  allyl 
grouping  the  ease  of  decomposition  seems  to  be  increased,  as  wiH  be 

1  Ber.,  17,  2593  (1884). 

•  J.  Chem.  Soc.,  loi,  2519  (1912). 
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noted  later.    This  assumption  of  first  addition  to  the  sulfur  atom  affords 
a  logical  explanation  of  the  action  of  the  urea  chlorides.    For  instance, 
diphenyl-thiourea  and  a  urea  chloride  could  react  as  follows: 
RNHCSNHR  +  R2NCOCI  = 
RNH  a 


>=< 


>-< 


=  HCl  +  COS  +  R2NH  +  RN  =  C  =  NR 
RNH  CONRa 

The  addition  compotmd  breaks  down  into  the  simpler  products  hy- 
drogen chloride,  carbonyl  sulfide,  diphenylandne  and  carbodiimide. 

The  carbodiimide  now  attacks  a  mol  of  unchanged  thiourea,  yielding 
triphenyl-guanidine  and  phenyl  mustard  oil.    The  explanation  agrees 
wholly  with  experimental  facts.    In  the  case  of  the  trisubstituted  thio- 
ureas the  first  addition  product  would  be 
R.N  CONR,  RfN 

\:S— CONR2  +  HCl  — ^ 

RNH  CI  RN  RNCS  +  RaNCONR,. 

Here  the  absence  of  hydrogen  prevents  the  formation  of  diphenylamine 

and  the  compounds  breaks  down  into  the  mustard  oil  and  a  tetrasub- 

stituted  urea. 

With  the  thiourea  ethers,  the  reaction  can  be  formulated  as  follows: 

RN         CH, 

There  is  first  formed  the  addition  product      ^C — S — CI  ,  which  disso- 

RNH  CONR2 
dated  into  methyl  chloride,  mustard  oil  and  a  trisubstituted  oxygen  urea. 
Allyl  Thioureas  and  Acid  Chlorides. — In  a  previous  paper,  ^  it  was  shown 
that  acetyl  chloride  acting  directly  without  a  solvent  upon  allyl-phenyl- 
thiourea  converted  it  easily  and  smoothly  into  the  isomeric  2-anilido-5- 
methyl-4,5-dihydrothiazole.  Dixon  later  made  the  same  observation.* 
We  have  now  found  that  by  modifying  the  conditions,  it  is  possible  to 
obtain  from  the  allyl  thioiu-eas  and  acyl  chlorides,  not  only  the  thiazoles 
but  also  their  acyl  derivatives.  Molar  proportions  of  allyl-phenyl- 
thioturea  and  pyridine  were  dissolved  in  benzene  and  one  mol  of  benzoyl 
chloride  added  to  the  mixtinre.  After  standing,  the  benzene  solution  was 
filtered  from  the  pyridine  hydrochloride  and  the  solution  washed  with 
dilute  acid  to  remove  any  excess  pyridine.  From  the  benzene  on  evapora- 
tion at  room  temperatinre  white  crystals  melting  at  125**  were  obtained, 
which  proved  to  be  a-allyl-i3,/3-benzoyl-phenylthiourea,  CjHftNHCS- 
(COCeH6)C«H6.    That  the  above  constitution  is  correct  is  shown  by  the 

*  This  Journai*,  22,  192  (1900). 

*  /.  Ckem,  Soc.,  93,  24  (1908). 
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fact  that  when  the  benzene  solution  of  the  allyl-benzoyl-phenyl  thiourea 
is  concentrated  with  the  aid  of  heat,  it  decomposes  quantitatively  into 
allyl  mustard  oil  and  benzanilide. 

Acetyl  chloride  was  allowed  to  react  with  a  mixture  of  aUyl  phenyl 
thiourea  and  pyridine  in  benzene  solution.  After  removal  of  the  pyridine 
and  pyridine  hydrochloride,  the  solution  was  allowed  to  evaporate  at 
room  temperature.  The  only  products  obtained  were  allyl  mustard  oil 
and  acetanilide.  The  acetyl-phenyl  allyl  thiourea,  which  must  have 
been  first  formed,  evidently  breaks  down  with  very  great  ease.  With  a 
substituted  phenyl  group,  the  acetyl  derivative  is  more  stable.  Thus 
acetyl  chloride  was  added  to  a  benzene  solution  of  allyl  /'-bromophenyl 
thiourea.  From  the  benzene  solution  was  obtained  by  evaporation  the 
allyl-acetyl-/>-bromo-phenyl  thiourea.  This  separates  in  white  crystals 
melting  at  86  ^ 

Calc.  for  CiiHijONjBrS:  Br,  24.42%.     Found:  24.11%. 

Alcoholic  potash  removes  the  acetyl  group  giving  the  original  thiourea. 
Warming  the  compound  above  its  melting  point  for  a  few  minutes  causes 
it  to  break  down  into  allyl  mustard  oil  and  /?-bromo*acetanilide. 

Under  similar  conditions,  acetyl  chloride  and  allyl-^»chloro-phenyl- 
thiourea  gave  a-allyl-j8-acetyl-j8-^-chloro-phenyl  thiourea,  white  crystals 
from  benzene  melting  at  84^. 

Calc.  for  CiiHitONjClS:    CI,  1350%.    Found:  13.21%. 

Heated  above  its  melting  poiAt,  it  decomposed  into  allyl  mustard  oil 
and  impure  />-chloro-acetanilide. 

It  will  be  noted  in  the  case  of  these  allyl  phenyl  thiotu'eas,  that  the 
acyl  group  attaches  itself  to  the  nitrogen  of  the  more  n^;ative  anilido 
rest  and  not  to  the  more  positive  CsEUN  grouping. 

This  would  seem  to  be  in  accord  with  some  previous  experimental  work,^ 
where  it  was  found  that  when  an  acid  chloride  was  added  to  a  mixture  of 
two  different  amines,  there  was  formed'  the  hydrochloride  of  the  more 
positive  amine  and  the  acyl  derivative  of  the  more  negative  one.  Whether 
this  will  hold  good  in  all  cases  with  thioureas  of  the  t3rpe  R'NHCSNHR 
must  await  ftuther  investigation. 

Allyl  Thioureas  and  Acid  Chlorides.  Thiazole  Synthesis. — It  has  been 
mentioned  before  that  allyl  phenyl  thiourea  with  acetyl  chloride,  in  the 
absence  of  a  solvent,  rearrranged  to  a  thiazole  derivative.  The  same 
result  is  attained  when  the  thioturea  and  benzoyl  chloride  are  heated  at 
water  bath  temperature  for  thirty  minutes. 

2-p-Bromophenylamido-5-methyl-4y5-dihydrothiazoL — This  is  easily 
made  by  heating  />-bromo-phenyl  allyl  thiotnea  with  acetyl  chloride  for 
twenty  minutes.     The  reaction  product  was  dissolved  in  dilute  alcohol 

^  Dains,  This  Jovrnai^,  28,  11 84  (1906). 
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and  then  made  alkaline  with  sodium  carbonate  solution.  The  white 
precipitate  after  recrystaUization  from  alcohol  melted  at  107^.  It.  is 
soluble  in  the  ordinary  organic  solvents  and  in  adds.  Its  picrate  mdts  at 
156°.  The  same  thiazole  was  prepared  by  heating  the  allyl-/)-bromo- 
phenyl-thiourea  and  concentrated  hydrochloric  add  in  a  pressure  flask 
on  the  water  bath  until  all  the  thiourea  had  gone  into  solution. 
Calc  for  CioHiiNsBrS:  N,  10.40%.  Pound:  10.70%,  10.63%. 
2-/^dlloro•phenylanlido-5-methy^4,5-dihydro-thiazole  from  acetyl 
diloride  and  allyl  jKJiloro-phenyl  thiourea  forms  white  crystals  out  of 
alcohol,  mdting  at  ii6^ 

Gale,  for  CioHuNsClS:  N,  12.40%.    Poond:  22.58%. 
Its  hydrochloric  add  salt  is  predpitated  when  dry  hydrogen  chloride 
is  passed  into  the  benzene  8<dution  of  the  base.    It  mdts  at  226  ^ 
Calc.  for  CioHuNtClS.HCl:  HCl,  13.86%.    Found:  14.20%. 
w-Tolylamido-s-methyl-4,s-dihydrot^azol.— Acetyl  chloride  converts 
the  allyl-w-tolyl-thioiu:ea  quantitatively  into  the  corresponding  thiazole. 
This  recrystallized  from  alcohol  mdts  at  90°.    The  picrate  mdts  at 
158*^.     It  is  readily  soluble  in  alcohol,  benzene,  gasoline  and  dilute  adds, 
very  soluble  in  chloroform. 

Calc.  for  CiiHiiNjS:  N,  13.60%.    Pound:  13.48%,  13.26%. 
The  Thiazoles  and  Add  Chloride.— It  will  be  noticed  that  the  thiazoles 
thus  formed  bear  a  dose  rdationship  in  structure  to  the  isothiourea 
ethers.     Both  types  of  compounds  contain  an  amidine  grouping  and  a 
sulfur  atom  linked  to  two  carbons* 

N CH,  HN CHa  N— R 

II           I    /CH.  I     •        t/CH.  11 

RNHC— S--C<'  UN  -  C-^S— C<^  RNHC-«— CjHr 

^H  .  ^H 

a).  (II).  (HI). 

Formulas  I  and  II  show  the  tautomeric  forms  of  the  same  thiazole  and 
ni  an  isothiotuea  ether  with  analogous  grouping.  The  anilido  hydrogen 
in  the  isourea  others  can  be  easily  replaced  by  an  acyl  group,  and  experi- 
ment has  shown  that  the  corre^xmding  hydrogen  in  the  thiazoles  is 
equally  reactive  toward  acetic  anhydride,^ 
a-Phenyl-benzoyl-amido-s-methyl-4)5-dih7dro-tiiiazole) 
N CHi 

c«H5v     Hi 

/N — C — S — C — H    . — ^The  thiazole  was  dissolved  in  p3nidine 
CHaCO^  \ 

CH, 
and  benzoyl  chloride  added.  .  From  the  reaction  product  was  isolated 

*  Young*and^Crookes,  J,  Chem,  Soc.,  89,  65  (1906);  Trarnnann,  Ann,,  244,  31 
(1888). 
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the  above  benzoyl  derivative.  Purified  from  alcohol  it  separates  in  white 
crystals  melting  at  118^.  It  is  soluble  in  ether»  readily  soluble  in  carbon 
bisulfide,  alcohol  and  benzene,  very  soluble  in  chloroform. 

Calc.  for  CitHmONjS:  N,  946%.     Pound:  9.65%»  974%- 

It  is  isomeric  with  the  allyl-phenyl-benzoyl-thiourea.  The  thiazole 
is  no  lonf;er  basic  and  the  benzoyl  group  is  easily  split  off  by  either  alcoholic 
potash  or  cold  hydrochloric  add,  3rielding  the  original  thiazole.  There 
is  of  course  a  possibility  that  the  benzoyl  group  is  attached  to  the  nitrogen 
at  2,  but  the  evidence  seems  to  be  in  favor  of  the  above  formula.  Thus 
Prager^  and  Yotmg  and  Crookes'  have  shown  that  when  this  thiazole 
unites  with  methyl  iodide,  the  methyl  group  goes  to  the  nitrogen  to  which 
the  phenyl  group  is  attached  and  secondly  it  has  been  pointed  out  in  this 
paper  that  when  benzoyl  chloride  acts  on  .  allyl-phenyl-thiourea,  the 
product  contains  a  benzoyl  and  a  phenyl  group  on  the  same  nitrogen  atom. 

Ftuther  investigation  along  these  lines  is  being  continued  in  this 
laboratory. 

ItfAWBSNCS.  Kansas. 
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L  PERIODIDES  OF  PHSN ACETIN»  METHACBTIN  AND  TRIPHBION. 
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Introduction. 
The  first  comprehensive  study  of  org^anic  periodides  was  inaugurated 
by  Joergensen'  in  1869.  Since  that  time  many  new  periodides  as  well  as 
other  perhalides  of  both  organic  and  inorganic  bases  have  been  prepared 
and  investigated  more  or  less  thoroughly  from  varying  viewpoints,  notably 
as  regards  composition,  mechanism  of  formation  and  availability  for 
purposes  of  quantitative  anal3rsis. 

In  connection  with  a  general  plan  for  the  systematic  development  of 
tests  and  methods  applicable  to  dtug  analysis,  it  was  decided  to  in- 
vestigate the  iodine  addition-products  or  periodides  of  some  of  the  more 
important  synthetic  compounds  of  a  quasi-alkaloidal  character,  with  a 
view  to  the  eventual  use  of  such  products  in  analytical  operations. 

The  study  of  periodides  in  general,  as  also  those  of  the  phenetidine 
type  in  particular,  had  its  inception  in  the  insistent  demand  for  a  pro- 
cedure designed  to  effect  a  quantitative  separation  of  phenacetin  (acet- 
phenetidine)!  and  acetanilide  in  admixttu'e.     In  searching  the  literature 
*  Ber.,  23,  2990  (1899). 
>  /.  Chem,  Soc.,  89,  59  (1906). 
»  /.  prakL  Chem,,  [2]  2,  433  (1869).  ^ 
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for  derivatives  which  might  possibly  serve  as  a  basis  for  the  purpose 
indicated,  an  iodine  derivative  of  phenacetin  was  noted,  the  so-called 
''jodophenin"  of  Scholvien  and  Riedel,^  a  patented  preparation  alleged 
to  have  the  composition:  GsoHtfNsOJs,  thus  in  form  at  least  a  partial 
substitution-product,  prepared  by  the  action  of  iodized  potassium  iodide 
solution  on  phenacetin  in  the  presence  of  a  mineral  add  and  more  particu- 
laiSy  described  by  Scholvien,'  although  Ritsert'  claims  to  have  observed 
its  formation  at  an  earlier  date.  Among  other  things,  Scholvien  found 
that  the  compound  readily  yielded  its  iodine  both  to  caustic  alkali  and 
sodium  thiosulfate,  and  he  accordingly  employed  the  latter  reagent  in  a 
quantitative  determination  of  this  element,  thereby  assuming  that  the 
thiosulfate  accounted  for  the  total  iodine  content  of  the  product.  The 
apparent  ease  with  which  the  iodine  could  be  thus  detached  forced  the 
conclusion  that  the  interaction  of  phenacetin  with  iodine,  resulted  in 
addition  rather  than  substitution,  although  the  iodine  content  of  51% 
as  determined  by  titration  seemed  to  indicate  a  mixture  of  equal  parts 
of  a  mono-  and  diiodophenacetin.  However  erroneous  the  view,  Schol- 
vien finally  decided  that  the  product,  to  which  he  assigned  the  fanciful 
name:  ''jodophenin,"  was  a  triiodophenacetin  representing  a  combination 
of  phenacetin  and  iodine  in  the  proportion  of  two  molecules  of  the  for- 
mer to  three  atoms  of  the  latter;  that  it  had  the  empirical  formula: 
CtoHttN204ls,  corresponding  to  an  iodine  content  of  51.5%;  that  finally 
such  a  compound  could  possess  only  the  following  constitution: 

OCfHs  OCsHb 


CHsCONI NHCOCHa 

r  I 

This  conception  has  heretofore  apparentiy  been  received  without 
question,  judging  from  the  attitude  of  Beilstein^  and  Piutti*  toward  the 
product.  Kunckell*  indeed  goes  so  far  as  to  regard  the  substance  in  the 
light  of  a  true  substitution-product,  citing  its  formation  among  other 
instances  as  an  example  of  the  introduction  of  negative  radicals  or  ele- 
ments into  the  aromatic  nucleus  I 

Very  early  in  the  present  investigation  it  became  quite  evident  that, 
while  the  product  of  the  action  of  iodized  potassium  iodide  on  phenacetin 

^  Handbuch  d.  organ.  Chem.  Ergaensungsband  II,  190O9  p.  401 ;  Priedlaender, 
ForisckriUe  d.  Theerfarbenfab.  Ill,  p.  875;  Riedd,  D.  R  P.  58409;  Ber.,  25,  235,  Ref. 
(1892). 

*  Pkarm.  Zentr.,  32,  311  (1891). 
^Ibid. 

*  Lac.  cit. 

'  Goes.  chim.  ital.,  25,  519  (1895). 

*  Ber.  pharm.  Ges.,  23,  473  (1913). 
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in  the  presence  of  a  mineral  add  can  tmder  proper  manipulation  serve  as  a 
basis  for  the  quantitative  separation  of  the  parent  subst^tlce  from  acet- 
anilide  in  admixtture/  the  composition  of  the  product  as  given  by  Schol- 
vien  and  corroborated  by  Piutti  is  nevertheless  radically  incorrect.  Both 
these  chemists  proceeded  on  the  erroneous  assumption  that  the  only 
elements  entering  into  combination  were  phenacetin  and  iodine,  thus 
entirely  ignoring  the  generally  accepted  view  of  the  time  respecting  the 
composition  and  mechanism  of  formation  of  organic  periodides.  As  a 
matter  of  fact,  the  very  formation  of  such  products  in  general  and  of  the 
iodine  derivative  of  phenacetin,  ''jodophenin,"  in  particular  is  ccm- 
ditioned  on  the  availability  not  only  of  the  base  and  iodine,  but  of  hy- 
driodic  acid  as  well,  either  as  such  or  in  form  of  an  iodide  and  a  mineral 
acid.  In  other  words,  when  an  aqueous,  acetic  acid  or  alcoholic  solution 
of  phenacetin  is  treated  with  a  solution  of  iodine  and  hydriodic  add,  or  of 
iodine,  potassitun  iodide  and  a  mineral  add,  substantially  in  accordance 
with  the  method  followed  by  Scholvien,  there  results  a  periodide  or  iodine 
addition-product,  diphenacetin  hydriodotetraiodide,  having  the  composi- 
tion: QoHztNsOJb*  or  expanded: 

(C2H60C6H4NHCOCH,)s.HI.l4. 

with  a  total  iodine  content  of  63.84%,  of  which  the  so-called  exterior  or 
additive  portion,  titratable  with  sodium  thiosulfate,  constitutes  ap- 
proximately 51%.  The  same  periodide  is  also  formed  on  treating  the 
hydriodide: 

(C2H60C«H4NHCOCH3)2.HI 

in  acetic  add  solution  with  the  calculated  quantity  of  iodine,  thus  un- 
equivocally establishing  the  composition  of  this  product  as  above  formu- 
lated. In  addition  to  the  analytical  data  presented  in  the  experimental 
portion  of  this  paper,  fiulher  evidence  confirmatory  of  the  formulae 
herdn  given  for  the  iodine  and  hydriodic  acid  addition-products  of  phen- 
acetin is  seen  in  the  behavior  of  the  nearly  related  acetanilide  and  certain 
of  its  derivatives  toward  the  same  reagents,  as  investigated  and  described 
by  Wheder  and  Walden,^  and  Wheeler,  Barnes  and  Pratt."  In  view 
therefore  of  the  facts  and  considerations  herdn  stated,  it  is  certain  that 
Scholvien's  "jodophenin"  has  the  composition:  C2oHj7N204l»r  not 
C20H26N2O4I3  as  deduced  from  his  analytical  results. 

A  second  and  lower  iodine  derivative,  but  otherwise  identical  with  the 
tetraiodo  addition-product  both  in  form  and  composition:  C2oH27Nt04li> 
or  expanded  as  above: 

(C2H60QH4NHCOCHa)2.HI.l2, 

^  Emery,  /.  Ind,  Eng.  Chem.,  6,  665  (1914). 
*  Am.  Chem.  J.,  17,  612  (1895);  18,  85  (1896). 
-  Ibid..  19,  672  (1897). 
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was  likewise  isolated  from  an  acetic  add  solution  of  the  hydriodide  and 
iodine,  but  ^y  under  exceptional  conditions,  owing  to  the  fact  that  in 
solution  it  tends  to  pass  into  the  corresponding  higher  periodide  with 
consequent  separation  of  &ee  phenacetin. 

In  studying  the  action  of  iodine  on  imides  and  substituted  imides, 
notably  succinylphenetidine,  Piutti^  took  occasion  to  examine  both 
phenacetin  and  methacetin  (acetanisidine)  with  respect  to  their  be- 
havior toward  iodine  and  potassium  iodide  in  the  presence  of  hydro- 
chloric add.  So  far  as  the  experiments  related  to  phenacetin,  Scholvien's 
interpretation  with  respect  to  the  composition  of  the  resulting  addition- 
product  was  accepted  in  toto.  Likewise  in  the  case  of  methacetin,  an 
iodine  derivative  was  obtained  to  which  he  assigned  the  formula: 
CisHsiNsOJs)  thus  ignoring  absolutdy  the  part  played  by  potassium 
iodide  and  hydrochloric  acid.  Piutti,  like  Scholvien,  entirely  over- 
looked the  fact  that  in  the  formation  of  the  above  mentioned  products 
hydriodic  add  is  as  essential  a  factor  as  iodine  itself.  In  other  words, 
the  composition  of  the  methacetin  derivative,  whether  prepared  via 
Piutti  or  more  systematically  from  iodine  and  methacetin  hydriodide: 
(C9HuNOs)s.HI,  in  a  suitable  solvent,  invariably  has  the  form 
CisHssNiOJsy  or  devdoped   like  the  corresponding  phenacetin  compound 

(CHsOC«H4NHCOCHs)a.HI.l2. 
A  tetraiodo  derivative  of  methacetin,  corresponding  in  form  to  the  higher 
and  more  stable  of  the  two  periodides  of  phenacetin,  has  thus  far  eluded 
isolation,  although  indications  of  the  existence  of  such  a  compound  have 
been  observed  under  certain  favorable  conditions. 

With  triphenin  (propiophenetidine),  periodides  similar  in  form  to  the 
phenacetin  derivatives  were  prepared 

(C2HbOC«H4NHCOC2H6)2.HI.I2 
and 

(C2H60C«H4NHCOC2H6)2.HI.l4, 
which,  however,  differ  therefrom  in  chemical  behavior,  in  that  periodide 
formation  finds  more  ready  expression  in  the  di-  than  in  the  tetraiodo 
compound. 

From  the  foregoing  it  will  be  suffidently  dear  that  all.  periodides 
directly  involved  in  the  present  investigation  are  asstuned  to  be  derivatives 
of  salts  made  up  of  a  phenetidide  and  hydriodic  add,  in  the  proportion 
of  two  molecules  of  the  former  to  one  of  the  latter.  This  assumption 
harmonizes  well  with  the  now  generally  accepted  view,  namdy,  that 
organic  periodides  are  as  a  rule  combinations  of  bases  or  base-like  sub- 
stances with  a  mineral  add  and  iodine,  and  is,  furthermore,  in  com- 
plete accord  with  certain  very  nearly  related  experiments  by  Nodting. 
>  Loc.  ciL 
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and  Weingaertner,^  as  also  by  Wheeler  and  associates,*  on  the  salts  and 
halogen  addition-products  of  the  anilides.  Accordingly,  it  has  seemed 
proper  in  a  presentation  of  experimental  material  to  describe  first,  the 
hydriodides  or  salts  intermediate  to  the  periodides,  and  second,  the  last 
named  substances  prepared  in  the  usual  way  or  more  S3rstematica]ly  per- 
haps from  their  hydriodides. 

Experimental. 

Hydriodides  of  Phenacetin  (Acetphenetidine)  and  Methacetin  (Acet- 
anisidine). — In  general,  these  salts  were  obtained  by  treating  an  an- 
hydrous,  alcohol-free  ethyl  acetate  or  chloroform  solution  of  the  quasi- 
base  with  gaseous  hydriodic  acid  previously  freed  from  iodine  and  moisture 
by  passing  over  red  phosphorus  and  phosphorus  pentoxide  in  the  order 
named.  This  reagent  may  be  conveniently  generated  by  wanning  a 
mixture  of  equal  parts  of  iodine,  rosin  and  sand,  substantially  as  de~ 
scribed  by  Kastle  and  Bullock.'  In  order  to.  avoid  clogging  by  the  newly 
formed  salt,  the  delivery  tube  slightly  funneled  at  the  base  should  just 
barely  touch  the  surface  of  the  reacting  solution.  Instead  of  ethyl 
acetate,  chloroform  or  a  mixture  of  the  two  may  be  employed.  Since  the 
resulting  products  are  only  very  sUghtly  soluble  in  either  menstrum,  the 
yields  are  quite  satisfactory.  Reaction  manifests  itself  almost  im- 
mediately in  the  deposition  of  colorless  needle-like  crystals  and  is  com- 
plete in  a  comparatively  short  time.  For  piuposes  of  analysis  or  subse- 
quent use  in  periodide  synthesis,  the  crystalUne  product  is  quickly  trans- 
ferred by  pouring  and  washing  with  sufficient  fresh  solvent,  to  a  small 
suction  plate,  and,  after  standing  some  hotu^  in  the  open,  placed  in  a 
suitable  glass-stoppered  container.  Even  in  such  receptacles,  the  air- 
dried  crystals  gradually  acquire  a  yellowish  cast  with  here  and  there 
faint  spots  of  red,  indicating  superficial  oxidation.  In  perfectly  dry 
air  the  product  is -reasonably  stable,  but  immediately  yields  its  acid  to 
water  or  alcohol  if  brought  into  contact  with  these  liquids,  in  this  respect 
behaving  much  like  the  haUde  salts  of  caffeine.  Accordingly,  the  de- 
termination of  iodine  in  such  compounds  is  readily  effected  by  dissolving 
the  sample  in  hot  water  and  precipitating  with  silver  nitrate,  the  re- 
sulting silver  iodide  being  filtered  and  weighed  in  a  gooch  in  the  usual 
way.  All  hydriodides  of  phenetidine  derivatives  so  far  isolated  are 
representatives  of  the  2  :  i  type,  i.  e.,  two  molecules  of  the  base  to  one 
of  acid.  In  the  case  of  triphenin,  no  hydriodide  could  be  isolated  in  the 
pure  state.  No  precipitate  is  formed  on  treating  an  ethyl  acetate,  chloro- 
form or  even  benzene  Solution  of  triphenin  with  hydriodic  acid.  On 
evaporating  the  solutions  so  treated  either  spontaneously  or  by  the  aid 

» Ber.,  18, 1340  (1885). 

^Loc.cit, 

^  Am.  Chem.  7.,  18,  109  (1896). 
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of  a  blast  and  gentle  heat,  a  crystalline  residue  was  obtained  consisting 
of  a  mixture  of  nearly  colorless  needles  or  prisms  with  periodide-like 
crystals.  It  is  highly  probable  that  the  lighter  colored  crystals  consist 
essentially  of  the  hydriodide,  since  the  mixture  on  treatment  with  iodine 
in  either  acetic  or  propionic  add  solution  readily  yields  a  periodide. 

Acetphenetidine  Hydriodide,  (CsH»OCeH4NHCOCH«)s.HI.— This  salt 
is  easily  obtained  by  treating  3  g.  phenacetin  dissolved  in  25  cc.  alcohol- 
free  ethyl  acetate  with  hydriodic  add  as  above  outlined.  It  forms  color- 
less needles  mdting  at  147-8^  in  a  dosed  capillary.  It  is  readily  soluble 
in  alcohol  and  acetic  add,  but  is  decomposed  by  water,  the  resulting 
phenacetin  remaining  for  the  most  part  undissolved. 

Calc.  for  (CioHi,NOi)i.HI:  I.  26.10.    Pound:  I,  26.15 

Acetanisidine  Hydriodidc,  (CH,OCeH4NHCOCH,),.HI.— This  com- 
pound was  prepared  in  substantially  the  same  way  as  the  preceding,  by 
treating  5  g.  methacetin  dissolved  in  20  cc.  ethyl  acetate  with  the  re- 
quired amount  of  hydriodic  add.  After  removing  the  solvent  by  suction, 
the  salt  was  washed  several  times  with  alcohol-free  chloroform.  The 
resulting  colorless  au'-dried  crystals  melted  at  about  125-7®  in  dther 
an  open  or  dosed  capillary. 

Calc.  for  (CiHiiNOj)i.HI:  I,  27.69.     Pound:  I,  27.32. 

Periodides  of  Phenacetin  (Acetphenetidine)  i  Methacetin  (Acetanis- 
idine) and  Triphenin  (Propiophenetidine) . — ^The  preparation  of  these  prod- 
ucts was  effected  by  various  methods,  differing  more  or  less  in  detail  but 
embod3ring  the  following  salient  featiu-es:  (i)  treatment  of  the  base  with 
iodine,  potassitun  iodide  and  hydrodiloric  add;  (2)  treatment  of  the  base 
with  iodine  and  aqueous  hydriodic  add  of  known  strength;  (3)  treatment 
of  the  base  with  iodine  and  an  aqueous-alcohoUc  hydriodic  add  of  known 
strength,  obtained  by  dissolving  the  requisite  amotmt  of  potassium  iodide 
in  a  minimum  of  water,  adding  thereto  a  corresponding  amotmt  of  con- 
centrated hydrochloric  add  followed  by  suffident  absolute  alcohol  to 
precipitate  the  resulting  potassium  chloride  and  then  filtering;  (4)  treat- 
ment of  the  hydriodide  of  the  base,  if  available,  with  the  required  amount 
of  iodine. 

The  analytical  methods  observed  in  determining  the  iodine  content 
of  the  periodides  were :  for  total  iodine,  treatment  of  the  air-dried  sample 
according  to  Carius,  or  with  sulfur  dioxide  in  aqueous-acetic  add  solution 
followed  by  predpitation  with  silver  nitrate;  for  free  or  ''exterior"  iodine, 
titration  in  alcoholic  solution  with  sodium  thiosulfate,  the  quantity  of 
alcohol  ordinarily  used  for  this  purpose  being  10  cc.  for  every  200  mg. 
sample.    The  hydriodic  add  present  was  estimated  by  difference. 

Acetphenetidine  Hydriodo-diiodidei  (CioHuN02)s.HI.Is. — It  was  only 
after  repeated  trials  that  this  product  could  finally  be  isolated  in  ap- 
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parently  pure  condition.  Attempts  to  prepare  it  in  accordance  with  pro- 
cedures substantially  as  indicated  above  were  successful  only  mth  the 
fourth,  the  others  invariably  yielding  mixtures  of  phenacetin  and  the 
higher  tetraiodide.  On  dissolving,  for  example,  6  g.  of  the  hydriodide 
and  3  g.  iodine  in  20  cc.  hot  acetic  acid,  and  allowing  the  resulting  mixture 
to  cool,  ruby  red  to  reddish  brown  needle-like  crystals  were  obtained, 
which  in  air-dried  condition  soften  at  120-1**  and  melt  at  124-5°  "*  ^ 
closed  capillary.  The  product  thus  prepared  is  sufficiently  pure  for 
anal3rtical  purposes,  as  evidenced  in  the  iodine  values  obtained.  Re- 
crystallization,  therefore,  is  inadvisable,  the  more  so  since  such  treatment 
is  inclined  to  yield  mixtures  of  the  original  substance  with  more  or  less 
phenacetin  and  the  higher  tetraiodide,  thus  plainly  indicating  a  pre- 
ferential formation  of  the  latter  product  at  the  expense  of  the  former. 

Calc.  for  (CioHijNOi)i.HI.It:  It,  34.29;  h,  5144;  HI.  17.27-     Found:  h,  3444" 
Ii.  51.90;  HI,  17.60. 

.  Acetphenetidine  Hydriodo-tetraiodidey  (CioHuNOs)s.HI.l4.-  -This  per- 
iodide  perhaps  occupies  the  most  important  place  in  the  present  in- 
vestigation. Its  peculiar  properties  constituted  one  of  the  principal  in- 
centives to  the  work  in  hand  and  now  afford  a  practical  basis  for  effecting 
the  quantitative  separation  of  acetanilide  and  phenacetin  in  admixture, 
a  result  heretofore  impossible  of  accomplishment  owing  to  the  lack  of  a 
suitable  method.  The  compound  has  been  prepared  by  all  the  methods 
enumerated  above,  as  also  by  treating  the  hydriododiiodide  with  the  re- 
quired amount  of  iodine  in  a  suitable  solvent.  The  usual  and  most  con- 
venient method  for  its  preparation  is  a  modified  form  of  Scholvien's 
procedure,^  involving  the  interaction  of  phenacetin  with  either  iodine, 
potassium  iodide  and  hydrochloric  acid  on  the  one  hand,  or  Avith  iodized 
hydriodic  add  on  the  other.  The  behavior  of  phenacetin  imder  the  former 
treatment  is  illuminating.  On  adding  iodized  potassium  iodide  solutioa, 
for  example,  to  an  aqueous,  alcoholic  or  acetic  add  solution  of  phen- 
acetin, the  resulting  liquid  remains  perfectiy  clear.  If,  however,  a 
mineral  acid  like  hydrochloric  be  subsequentiy  added,  reddish  brown 
leaflets  or  steely  blue  needle-like  prisms  immediatdy  appear,  almost  or 
quite  insoluble  in  the  resulting  menstrum,  depending  on  the  temperature, 
concentration,  nature  of  solvent  media  and  accompanying  salts.  A  very 
careful  study  of  the  widely  varying  conditions  under  which  iodine  addi- 
tion-products of  phenacetin  may  be  prepared  shows  conclusivdy  that 
Scholvien's  views  with  respect  to  periodide  formation  in  general  and  to  the 
preparation:  ''jodophenin'*  in  particular  are  not  alone  falladous,  but 
erroneous  as  well,  since  the  crude  product  invariably  obtained  when 
operating  in  accordance  with  his  instructions  is  a  mixture,  consisting  in 
large  measure  apparentiy  of  the  hydriodo-tetraiodide  but  containing 
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some  of  the  lower  diiodide  as  well  as  free  phenacetin,  and  possessing  an 
exterior  and  total  iodine  content  considerably  less  than  the  required 
▼allies  for  the  former  compound.  Thus,  two  samples  prepared  under 
slightly  varying  temperature  conditions  but  otherwise  via  Scholvien,  by 
treating  a  solution  of  30  g.  phenacetin  in  225  g.  acetic  acid  with  45  g. 
concentrated  hydrochloric  add  and  150  g.  water,  followed  by  a  solution 
of  34  g.  iodine  in  65  g.  potassium  iodide  and  65  g.  water,  yielded  on  analysis 
the  following  results : 

Calc.  for  (CioHijNOi.HI.I,:  I,,  34.29;  I,,  51.44.  Pound:  It.  46.85,  48.78;  I». 
56.52,  5706. 

Calc.  for  (CioH,^0,),.HI.l4:  I4,  5107;  Ii,  63.84. 

If,  on  the  other  hand,  the  quantity  of  iodine  is  increased  by  about  30%, 
or  to  45  g.,  the  resulting  addition-product  is  uniform  and  susceptible  of 
isolation  in  a  state  of  high  piuity.  The  procedure  is  further  improved  by 
decreasing  the  quantity  of  hydrochloric  acid  to  about  30  g.  and  adding 
same  to  a  hot  solution  of  the  other  ingredients,  thereupon  allowing  the 
mixture  to  slowly  cool  to  room  temperature.  The  periodide  is  con- 
veniently isolated  by  transferring  the  crystalline  magma  to  a  small 
suction  plate  provided  with  a  suitable  filter,  washing  the  mass  several 
times  with  saturated  aqueous  iodine  solution  and  permitting  it  to  dry 
in  the  open  on  a  porous  plate.  In  this  condition  the  crystals  melt  at 
133-4*,  dissolve  quite  readily  in  alcohol  and  acetic  add,  less  so  in  benzene, 
dilorof orm,  dilute  acetic  add  and  water,  practically  insoluble  in  moderatdy 
concentrated  solutions  of  iodized  potassium  iodide.  Although  reasonably 
stable  in  the  air,  protracted  exposure  of  the  substance  to  atmospheric 
influences  eventually  induces  an  appredable  lightening  in  the  color  of  the 
crystals,  the  latter  becoming  in  the  course  of  several  months  nearly  or 
quite  colorless,  tmtil  finally  a  residual  product  remains  which  while  re- 
taining the  form  of  the  original  oystals  consists  essentially  of  phenacetin, 
as  identified  by  the  melting  point.  The  relative  ease,  with  which  per- 
iodides  of  this  dass  3ridd  their  exterior  or  added  iodine  to  sulfites,  caustic 
alkalies  and  sodium  thiosulfates,  at  once  suggests  a  ready  method  for 
quantitative  operations.  The  exterior  iodine  was  determined  by  titra- 
tion with  thiosulfate,  usually  of  twentieth  normal  strength.  The  total 
iodine  on  the  other  hand  was  estimated  partly  by  Carius,  or  more  quickly 
and  as  accuratdy  by  first  treating  the  substance  in  acetic  acid  with  a 
saturated  solution  of  sulfur  dioxide  in  water  followed  by  predpitation 
with  silver  nitrate.  The  determination  of  carbon  and  hydrogen  was 
effected  only  after  repeated  attempts,  on  account  of  unusual  difficulties 
encountered  in  the  fixation  of  iodine  during  combustion.  Satisfactory 
results  were  finally  obtained  by  employing  lead  chromate  in  connection 
with  spirals  both  of  reduced  and  silvered  copper.  In  the  estimation 
of  nitrogen,  the  Kjeldahl  method  was  used.    In  order  to  determine  the 
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basic  portion  of  the  periodide  as  such,  a  200  mg.  sample  was  treated 
with  a  saturated  aqueous  solution  of  sulfur  dioxide  until  the  iodine  was 
completely  reduced,  the  resulting  mixture  being  thereupon  extracted 
several  times  with  chloroform.  On  evaporation  of  the  solvent,  0.0725 
g.  (calc.  0.0721  g.)  cr3rstalline  residue  remained,  melting  at  134-5^  and 
otherwise  possessing  all  the  characteristic  properties  of  phenacetin.  In 
addition  to  evidence  already  presented,  the  following  analytical  results 
clearly  estabUsh  the  composition  of  acetphenetidine  hydriodo-tetraiodide 
as  expressed  in  the  accompanying  formula: 

Calc  for                                               Pound. 
(C»HttN0»)i.HI.l4: • 


C 24.16                ...  24.46  24.40 

H 2.74                 ...  2.78       2.92 

N 2.82                 ...  2.81       2.81 

0 6.44              

I« 51-07  51.25  51-05  51- 10    51 

Ii 63.84  63.89  63.92  63.74 

HI 12.87  12.74  12.97  12.74 


20      51. X2 


In  the  qualitative  examination  of  preparations  and  mixtures  of  which 
phenacetin  is  a  suspected  or  declared  ingredient,  the  above-described  per- 
iodide may  be  made  the  basis  of  a  very  delicate  identification  test  for  the 
parent  substance.  In  a  test  tube  containing  1-2  mg.  of  the  phenacetin  in 
question,  previously  isolated  by  extraction  with  chloroform,  add  a  drop  of 
acetic  add,  0.5  cc.  of  water  and  i  cc.  of  a  tenth  normal  solution  of  iodine, 
warm  the  mixture  to  about  40^,  then  add  a  drop  of  concentrated  hydro- 
chloric add.  If  phenacetin  alone  is  present,  the  periodide  separates 
almost  immediatdy  in  form  of  needle-like  prisms  or  leaflets.  In  the 
event  that  the  sample  contains  some  acetanilide,  the  addition-product 
may  appear  as  reddish  brown  leaflets  only  after  cooling  and  agitating 
the  liquid.  In  the  presence  of  considerable  acetanilide,  the  periodide 
first  separates  in  the  form  of  minute  oily  globules,  which  on  vigorous 
shaking  gradually  solidify  to  crystalline  aggregates.  This  test  is  suffi- 
dently  delicate  to  detect  as  little  as  0.5  mg.  phenacetin,  if  alone,  in  the 
form  of  its  characteristic  hydriodo-tetraiodide. 

Acetanisidine  Hydriodo-diiodide,  (C9HiiN02)s.HI.l2.— This  compound 
was  first  described  by  Piutti,^  who  obtained  it  in  the  form  of  reddish 
brown  laminae  by  treating  a  hot  solution  of  30  g.  hydrochloric  add  (pre- 
sumably concentrated,  since  this  investigator  followed  very  dosely  the 
proportions  used  by  Scholvien  in  making  the  phenacetin  derivative) 
in  150  g.  of  water,  and  a  warm  solution  of  36  g.  iodine  and  72  g.  potassium 
iodide  in  100  g.  of  water.  The  composition  as  found  by  Piutti  was  ex- 
pressed in  the  formulae:  CiiHseNsOJs  =  (C6H4pp^  \h,  or  one 
» Lcc.  ctt. 
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hydrogen  less  than  the  number  actually  required  for  the  hydriodo- 
diiodide,  namely:  CisHnNsOJs.  Thus,  it  is  seen  that  this  chemist,  like 
Scholvien,  failed  utterly  in  recognizing  the  function  of  hydriodic  add  in 
periodide  formation.  On  repeating  Piutti's  work»  reddish  brown  leaflets 
resulted,  which  were  found  to  have  the  composition :  CisHtsNsOJa.  Even 
when  the  iodine  was  reduced  one-third,  or  to  24  g.,  the  theoretical  re- 
<|U]rement  of  halogen  for  the  production  of  the  hydriodo-diiodide,  the 
same  compotmd  was  obtained.  Likewise,  when  the  quantity  of  iodine 
was  increased  to  48  g.,  or  sufficient  to  yield  a  tetraiodide,  the  sole  re* 
suiting  addition-product  was  the  diiodide.  In  fact,  neither  from  meth- 
acetin  nor  from  its  hydriodide  as  the  starting  point  has  it  been  found 
possible  thus  far  to  isolate  a  tetraiodo  addition-product,  although,  as 
previously  pointed  out  in  the  introduction,  signs  are  not  wanting — ^notably 
•certain  color  changes  in  the  crystalline  products  before  and  after  separa- 
tion from  the  mother  Uquor — to  the  effect  that  imder  favorable  condi- 
tions a  tetraiodide  may  indeed  exist. 

Acetanisidine  hydriodo-diiodide,  melting  at  142-3^,  was  obtained 
in  several  crystalline  forms  and  varying  shades  of  color,  as  reddish  brown 
leaflets  or  scales,  ruby  red  prism-like  aggregates,  and  thick  garnet  colored 
prismatic  plates,  depending  on  temperature,  concentration  and  nature 
of  solvent. 

Calc.  for                                               Pound: 
(CaiuNOi)t.HI.I»: • ^ 

c 30.34  30.42   30.48     

H 3.25  3.34       3-39        

N 3.94  3.99       3.90       

0 8.99  

I« 35.64  35.14     3562     35-35     35.21     35.32 

I| 53.46  53.17     53.33     53.40       

HI 17.96  18.03     17.71     18.05 

Propiophenetidine  Hydriodo-diiodide,  (CiiHi6NOi)2.HI.l2.— This  prod- 
uct is  formed  when  an  aqueous-alcoholic  solution  of  triphenin  is  treated 
with  iodine  and  hydriodic  acid  in  varying  proportions.  The  best  jdeld  was 
obtained  by  dissolving  5  g.  of  the  base  in  10  g.  hot  alcohol,  then  adding 
thereto  a  solution  of  3.5  g.  iodine  in  5  g.  hydriodic  acid  (sp.  gr.  1.7)  followed 
by  10  g.  warm  water,  finally  allowing  the  mixture  to  cool  very  slowly  by 
immersion  in  warm  water.  The  resulting  greenish  bronze,  needle-like 
crystals,  after  being  filtered  by  suction,  washed  with  a  little  iodized 
50%  alcohol  and  dried  in  the  air,  melted  in  a  closed  capillary  at  121-3°. 
An  increase  in  the  quantity  of  hydriodic  acid  to  7.5  g.  and  of  iodine  to 
7  g-,  an  amount  of  halogen  theoretically  sufficient  to  yield  to  tetraiodo 
addition-product,  led  to  the  formation  of  steely  blue  crystals,  but  a 
product  otherwise  identical  with  the  above  both  in  composition  and 
melting  point.     Recrystallization  from  either  acetic  or  propionic  acid 
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was  productive  of  very  fine  greenish  bronze  colored  needles.  Analysis  of 
the  crystals  obtained  in  various  ways  show  them  to  have  the  composition 
of  the  hydriodo-diiodide. 

Calc.  for                                              Pound: 
(CuHuNOtH.HI.It:       , • . 

I« 33.04  32.84     32.78     32.91     32.99     33.00 

I* 49.56  49.48     49-45        

HI 16.65  16.64     16.67        

Propiophenetidine  Hydriodo-tetraiodidei  (CuHisNOOj.HI.Ii.— This 
compound  was  obtained  in  the  form  of  fine  purple-black  silky  needles  by 
dissolving  the  preceding  periodide,  together  with  the  calculated  quantity 
of  iodine,  in  a  small  volume  of  hot  acetic  acid  and  allowing  the  mixture 
to  cool  very  slowly.  After  separation  from  the  mother  liquor  in  the 
usual  way,  the  crystals  melted  air-dried  and  in  a  closed  capillary  at  92-4^. 

Calc.  for  (CiiHi»NO,),.HI.l4 I4   4967        I«  62.08        HI    12.51 

Pound 49.72  62.35  12.63 

49.70  62.21  12.51 

Both  this  and  the  diiodide  are  quite  soluble  in  alcohol  and  acetic  acid, 
only  moderately  so  however  in  aqueous  dilutions  of  these  solvents. 

Wasbxmoton,  D.  C. 


(CoimtiBunoN  prom  thk  Otho  S.  A.  Spragub  Mbmorial  iNSTmrns  Laboratory 
OF  Clinical  Rbsbarch,  Rush  Mbdical  Collbob.) 

THE  ROLE  OF  ATMOSPHERIC  OXYGEN  IN  THE  OXIDATION  OF 

GLUCOSE  WITH  POTASSIUM  PERMANGANATE  IN  THE 

PRESENCE  OF  VARYING  AMOUNTS  OF  ALKALI. 

THE  PRODUCTS  OF  OXIDATION. 

By  BDGAX  J.  WiTZHMANN. 

Reoeived  October  26.  1915. 

Although  it  has  been  known  for  many  years  that  certain  organic  sub- 
stances are  capable  of  complete  or  partial  oxidation  in  alkaline  media 
through  simple  exposure  to  atmospheric  air,  the  extent  to  which  this 
process  may  participate  in  oxidations  in  alkaline  media  by  means  of  per- 
manganate, and  presumably  other  oxidizing  agents,  has  not  been  generally 
appreciated.  The  experiments  here  described  show  conclusively  that 
maximum  participation  of  atmospheric  oxygen  in  permanganate  oxida- 
tions occurs  with  concentrations  of  alkali  corresponding  approximately 
to  o.i  N  potassium  hydroxide.  This  participation  diminishes  with  alkali 
concentrations  greater  or  less  than  this  amount.  Thus  in  conducting 
oxidations  with  permanganate  in  the  presence  of  alkali,  for  the  purpose 
of  measuring  the  quantity  of  oxidizable  organic  compound  present  on  the 
basis  of  the  permanganate  consumed,  it  is  as  necessary  to  eliminate  the 
participation  of  atmospheric  oxygen  as  in  any  other  quantitative  oxida- 
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tion  method  carried  out  in  the  presence  of  alkali;  such  for  example  as 
in  any  of  the  numerous  sugar  titration  procedures. 

The  fact  that  this  large  participation  of  atmospheric  oxygen  ocoirs  in 
oxidations  with  permanganate  in  alkaline  solution  was  first  noted  in  some 
earlier  experiments  on  the  complete  oxidation  of  propylene  glycol  with 
potassium  permanganate  in  alkaline  solution^  It  was  found  that  at 
times  as  little  as  80%  of  the  calculated  amount  of  permanganate  was 
required  for  complete  oxidation.  The  Uterature*  indicated  that  the 
composition  of  the  manganese  oxide  precipitate  may  be  quite  variable 
and  contain  much  manganous  oxide  mixed  with  the  dioxide.  Thus  it 
seemed  possible  that  the  extra  oxidation  could  have  been  due  to  the  re- 
duction of  the  manganese  dioxide  to  manganous  oxide.  But  an  analysis 
of  the  manganese  oxide  precipitate  showed  that  the  manganese  is  certainty 
all  present  as  the  dioxide  in  the  alkaline  oxidations.  It  was  in  this  way 
that  the  extent  of  the  participation  of  atmospheric  oxygen  in  the  oxida- 
tion was  determined  quantitatively. 

Although  numerous  observations  have  already  been  made,  which  in  a 
general  way  show  that  the  character  of  the  products  obtained  by  the 
oxidation  of  certain  organic  substances  in  the  presence  of  alkali  (notably 
sugars)  differ  with  var3ring  concentrations  of  alkali,  the  present  experi- 
ments show  with  precision  the  varying  quantities  of  the  sole  end  products 
(carbon  dioxide  and  oxalic  add)  which  result  from  the  complete  oxida- 
tion of  glucose  by  means  of  potassium  permanganate  for  each  initial 
concentration  of  alkali  used  (1.  e.,  between  no  alkali  and  1.8  N  KOH). 
It  was  also  found  that  the  relative  quantities  of  carbon  dioxide  and  oxalic 
add  formed  not  only  vary  with  the  initial  concentration  of  alkali  em- 
ployed but  also  with  the  total  quantity  of  alkali  available,  owing  pre- 
sumably to  the  fact  that  the  initial  alkali  concentration  falls  as  oxidation 
with  its  coinddent  add  formation  progresses,  except  in  those  cases  in  which 
the  total  quantity  of  alkali  added  in  proportion  to  the  amount  of  glucose 
used  was  so  excessive  that  such  a  fall  in  alkaU  concentration  was  almost 

°^"8^*^^^-  E^erimental  Part. 

All  the  oxidations  were  carried  out  by  dissolving  2  g.  of  piu-e  crystalline 
d-glucose  in  1000  cc.  of  water  and  adding  variable  amounts  of  potassium 
hydroxide  as  shown  in  the  table.  The  oxidations  were  carried  out  in  two 
series. 

Series  i. — Expts.  i  to  8  were  carried  out  by  adding  the  amount  of 
potassium  hydroxide  indicated  in  the  table  for  each  experiment  before 
adding  the  permanganate.  The  permanganate  was  powdered  and  weighed 
(20  g.  each)  into  small  bottles,  numbered  to  correspond  with  the  solutions 

*  Evans  and  Witzemann,  This  Journal,  34,  1086  (1912). 

'  Cf.  Gmelin-Kraut-Priedheim,  Hdb,  der  Anorg.  Chem.,  3,  Part  2,  p.  254  (1906-8), 
«tc.,  for  references. 
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to  be  oxidized.  The  oxidations  were  done  at  room  temperature  as  follo?ra: 
A  small  amoimt  of  the  permanganate  was  added  to  each  solution.  The 
reaction  in  each  case  set  in  at  a  rate  that  was  proportional  to  the  concentra- 
tion of  the  potassium  hydroxide.  This  was  especially  true  of  Expts. 
4,  5»  6  and  7.  There  were  marked  differences  in  the  character  of  these 
precipitates.  The  difference  was  evident  throughout  the  experiment  and 
gave  qualitative  support  to  the  idea  that  the  variation  in  the  amount  of 
alkali  causes  marked  differences  in  the  physical  character  of  the  oxide  of 
manganese  formed  in  these  reactions.  Since  Solutions  i,  2  and  3  did  not 
become  clear,  i.  e.,  the  manganese  dioxide  did  not  settle  out,  it  was  at  first 
thought  that  oxidation  was  not  taking  place.  Even  after  standing  a 
month,  or  more,  these  red-brown  solutions  did  not  clear  in  the  customary 
way.  However,  it  was  discovered  that  they  could  be  further  oxidized 
and  the  experiments  were  continued.  As  was  learned  later,  these  red- 
brown  liquids  were  due  to  manganese  dioxide  in  colloidal  form.^  Toward 
the  end  of  the  experiment  these  colloidal  solutions  were  gradually  predpi- 
tated  as  the  concentration  of  the  salts  (mostly  carbonates)  increased. 

After  each  addition  of  permanganate  the  mixture  was  agitated  from 
time  to  time  tmtil  the  portion  added  was  reduced.  Permanganate  was 
added  in  this  way  until  the  last  portion  was  only  reduced  after  standing 
several  days  and  after  frequent  agitation.  In  a  few  cases  in  which  an 
excess  of  permanganate  had  been  added  i  cc.  portions  of  1%  glucose 
solution  were  added  from  time  to  time,  until  reduction  was  complete. 
The  unused  permanganate  in  the  original  weighed  portions  was  weighed 
and  subtracted  from  the  amount  taken  in  the  beginning.  This  gave  in 
each  case  the  amotmt  of  permanganate  actually  used  (data  given  in  CoL 
II  in  the  table).  Several  weeks  were  required  to  complete  the  oxidations 
in  this  way. 

Qualitative  tests  failed  to  reveal  other  products  of  oxidation  than  carbon 
dioxide  and  oxaUc  acid.  Tests  for  acetic  and  formic  acids  and  for  sub- 
stances reducing  to  Fehling's  solution  were  negative  in  all  experiments. 

Series  2. — ^The  second  series  (Expts.  9  to  15)  of  oxidations  was  carried 
out,  in  part,  in  order  to  verify  the  results  of  the  first  series  and  also  in  order 
to  determine  a  little  more  accurately  the  conditions  under  which  oxalic 
add  begins  to  be  formed. 

Analysis. 

The  total  carbon  dioxide  in  each  experiment  was  determined  by  the 
method  previously  described^  and  the  amount  of  carbon  dioxide  in  the 
potassium  hydroxide  used  was  subtracted.  This  gave  the  total  carbon 
dioxide  formed  in  any  experiment,  plus  any  carbon  dioxide  that  was  ab- 
sorbed from  the  air. 

1  This  Journai.,  37,  1079-91  (1915)- 

2  Loc.  cit. 
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The  oxalic  acid  in  50  cc.  of  the  solution  was  precipitated  as  calcium 
oxalate  in  a  boiling  solution  acid  with  acetic  add,  by  adding  boiling 
calcium  chloride  solution.  The  precipitated  oxalate  was  filtered 
oflF,  washed,  dissolved  in  sulfuric  add  and  titrated  with  potassium  per- 
manganate in  the  customary  manner.  In  Expt.  13  a  larger  amount  of 
the  solution  was  required. 

The  analysis  of  the  manganese  dioxide  predpitate  offered  certain 
difficulties.  Owing  to  the  fact  that  a  considerable  fraction  of  the  pre- 
dpitate is  deposited  as  a  mirror  on  the  inside  wall  of  the  bottle  and  cannot 
be  completely  removed  without  dissolving  it,  an  aliquot  portion  of  the 
precipitate  could  not  be  used  in  the  analysis.  The  following  procedure 
gave  little  or  no  difficulty :  After  the  analysis  of  the  solution  was  complete 
or  after  suffident  for  the  analysis  had  been  pipetted  off^  the  predpitate 
was  filtered  off  in  a  Biichner  funnel  in  which  a  wet  filter  had  been  arranged 
so  that  the  edge  of  the  paper  extended  above  the  rim  of  the  funnel.  This 
large  wet  filter  was  thus  folded  into  a  rude  filter  cup,  the  wrinkled  siuiaces 
of  which  were  pressed  down  to  the  surface  of  the  Bfichner.  A  filter  of  the 
proper  size  was  previously  placed  in  the  funnel  in  order  to  support  the 
paper  filter  cup.  The  predpitate  was  all  transferred  to  the  funnel  and 
filtration  and  washing  were  carried  out  imder  suction.  The  bottle  was 
frequently  rinsed  in  order  to  wash  out  all  oxalates,  espedally.  The 
predpitate  in  the  case  of  the  strongly  alkaline  solutions  was  washed  until 
it  no  longer  gave  a  reaction  to  litmus.  The  other  precipitates  were  Uke- 
wise  washed  in  the  same  way.  The  predpitate  and  filter  papers  were 
transferred  to  a  large  flask,  100  cc.  of  an  oxalic  acid  solution  (i  cc.  equiva- 
lent to  0.05045  g.  KMnOi)  were  measured  out  carefully  and  part  was 
added  to  the  bottle  and  the  remainder  to  the  precipitate.  Dilute  sulfuric 
acid  was  added  to  both.  The  bottle  was  manipulated  tmtil  all  the  man- 
ganese dioxide  deposited  on  the  glass  was  dissolved,  and  the  contents 
were  then  added  to  the  main  portion.  When  all  of  the  brown  predpitate 
had  been  dissolved  by  warming  (occasionally  20  cc.  more  of  the  oxalic 
add  solution  had  to  be  added)  the  solution  was  filtered,  the  filter  washed 
and  the  filtrate  diluted  to  one  liter.  An  aliquot  portion  of  the  filtrate  was 
titrated  for  oxalic  add  in  the  usual  way.  For  example,  in  Expt.  i,  100 
cc.  of  the  filtrate  required  32.03  cc.  of  a  potassium  permanganate  solution 
containing  0.002765  per  cc,  which  corresponds  to  0.8856  g.  potassium 
permanganate  for  the  entire  filtrate.  Therefore  5.045  g.  (the  potassium 
permanganate  equivalent  of  the  oxalic  acid  added)  minus  0.8856  g.  (the 
potassium  permanganate  equivalent  of  the  oxalic  add  not  oxidized  by  the 
manganese  dioxide)  gives  4.16  g.  as  the  potassiuin  permanganate  equiva- 
lent of  the  manganese  dioxide  sludge. 

'  Under  vacuum  filtration  these  solutions  frequently  lose  part  of  the  carbon 
dioxide. 
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The  individual  data  on  the  analytical  determinations  would  not  be  of 
general  interest  and  so  will  not  be  given.    The  final  results  in  each 
are  given  in  the  proper  place  in  the  table. 
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Discussion  of  the  Results. 

Quite  a  number  of  new  observations  were  made  in  this  series  of  experi- 
ments, which  have  little  relation  to  each  other.  They  will  therefore  be 
discussed  without  any  special  attempt  to  interrelate  them. 

Potassium  Permanganate. — ^The  immediate  purpose  of  these  experi- 
ments was  to  investigate  the  amount  of  potassium  permanganate  utilized 
in  organic  oxidations.  The  amotmt  of  permanganate  necessary  to  com- 
pletely oxidize  the  2.00  g.  of  glucose  in  one  liter  of  water  in  the  presence 
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of  the  amount  of  alkali  given  in  Col.  X  is  shown  in  Col.  II.  Prom  the  data 
on  the  sole  products  of  oxidation,  recorded  in  Cols.  XII  and  XIII,  the 
amount  of  permanganate  that  would  theoretically  be  required  to  give 
these  products  was  calculated  as  follows:  To  oxidize  2  g.  CsHitOd  to  3Hr 
C1O4  requires  9  atoms  of  oxygen.  If  2  molecules  of  EIMnOi  react  in  alkaline 
solution  to  give  3  atoms  of  oxygen  it  would  require  10.52  g.  KMn04  to 
oxidize  the  2  g.  of  glucose  completely  to  oxalic  acid.  In  Expt.  13,  2%  of 
oxalic  acid  was  formed.  Therefore  10.52  X  0.02  =  0.21  g.,  or  the  amount 
of  KMn04  required  to  give  this  much  oxalic  acid.  In  oxidizing  2  g.  of 
glucose  completely  to  CO2,  12  atoms  of  oxygen  are  required,  and  this 
corresponds  to  14.04  g.  ElMn04.  Since  in  Expt.  13  98.3%  COs  were  formed, 
14.04  g.  X  0.98.3  «  13.80  g.  KMn04.  13.80  +  0.21  g.  «  14.01  g.  iCMn04 
or  the  total  amount  of  KMn04  required  to  oxidize  2  g.  glucose  to  the 
products  obtained  in  Expt.  13.  All  of  the  others  were  calculated  in  the 
same  way.    The  data  are  given  in  Col.  III.* 

By  comparing  the  figures  in  Cols.  II  and  III,  it  is  seen  that  there  is  a 
deficit  in  the  amount  of  permanganate  actually  utilized  as  compared  with 
that  calculated  from  the  products  of  the  reaction.  It  is  also  seen  that  this 
deficit  increases  as  the  alkali  content  is  further  increased.  Thus  the 
deficit  previously  observed  in  the  oxidation  of  propylene  glycol*  was  veri- 
fied by  the  observations  made  in  the  case  of  glucose.  In  this  case  too  the 
largest  deficits  occurred  when  alkali  was  present. 

It  might  appear  from  these  results  therefore  that  oxidations  with  per- 
manganate in  alkaline  solutions  may  result  in  the  liberation  of  more  than 
3  equivalents  of  oxygen  from  one  molecule  of  permanganate.  In  order 
to  determine  to  what  extent  this  h3q>othesis  was  tenable  the  amount  of 
available  oxygen  in  the  manganese  dioxide  sludge  in  each  experiment  was 
determined.  This  was  done  in  the  manner  described  in  the  section  on 
analytical  methods. 

The  number  of  grams  of  permanganate  to  which  the  oxidizing  power  of 
the  manganese  dioxide  sludge  is  equivalent  is  given  in  Col.  IV.  The 
calculated  equivalents,  obtained  by  multiplying  the  number  of  grams  of 
permanganate  used  (Col.  II)  by  Vs.  are  given  in  Col.  V.  The  permanga- 
nate deficits  as  obtained  by  subtracting  the  values  in  Col.  IV  from  those 
in  Col.  V  are  given  in  Col.  VIII.  These  data  do  not  in  any  wise  tend  to 
run  parallel  with  the  deficit  obtained  from  the  permanganate  used  as  given 
in  Col.  VII.  It  has  thus  been  definitely  proved  that  the  excess  oxidation 
taking  place  in  these  solutions  is  not  indicated  by  the  final  condition  of 
the  manganese  dioxide  precipitate. 

^  It  is  naturally  not  assumed  that  a  molecule  of  glucose  is  ever  oxidb.ed  in  toto 
to  3  molecules  of  oxalic  acid.  The  calculation  was  made  in  this  way  solely  for  the 
flake  of  simplicity. 

« Loc.  cU. 
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If,  however,  the  deficit  given  in  Col.  VIII  is  compared  with  the  &gaie» 
given  in  Col.  XVII,  which  represent  the  total  amount  of  potassium  hy- 
droxide necessary  to  convert  all  of  the  carbonic  and  oxalic  acids  present 
into  their  normal  salts,  and  those  in  Col.  XIX,  which  represents  the  total 
amotmt  of  alkali  derivable  from  the  hydrolysis  of  the  permanganate  used^ 
plus  the  potassium  hydroxide  used,  it  is  seen  that  the  small  deficit  observed 
disappears  almost  completely  when  the  total  alkali  present  exceeds  that 
necessary  for  the  formation  of  normal  salts.  So  that  as  far  as  these  ex- 
periidents  go,  there  is  no  evidence  for  the  idea  that  permanganate  is  re- 
duced to  manganous  oxide  in  any  but  faintly  alkaline  solutions. 

The  observations  in  the  case  of  neutral  solutions  are  well  supported 
by  the  exhaustive  experiments  of  Smolka^  on  the  oxidation  of  glucose  in 
neutral  solution,  (z.  e.,  in  the  absence  of  alkalies),  under  a  variety  of  con- 
ditions. These  are  apparently  the  only  experiments  in  the  literature  in 
which  the  fate  of  the  permanganate  as  well  as  that  of  the  glucose  has  been 
followed  quantitatively.  Smolka  oxidized  i  g.  of  glucose  in  boiling  solu- 
tion with  potassium  permanganate  added  in  small  portions  until  the  solu- 
tion remained  permanently  "red."  i  g.  glucose  required  6.920  g.  KMn04 
in  order  to  be  oxidized  completely  to  carbon  dioxide.  For  2  g.  glucose  the 
KMnOi  used  would  be  13.84  g.,  as  compared  with  an  average  of  13.55  ^- 
obtained  in  my  own  experiments  carried  out  at  room  temperature.  Smolka 
fotmd  1.31%  manganous  oxide  in  his  precipitate,  which  compares  favor- 
ably with  the  average  deficit  of  2.$%  observed  in  my  own  experiments 
conducted  at  room  temperature.  Smolka  attempted  to  explain  away 
both  the  permanganate  deficit  and  the  manganous  oxide  found  as  being 
largely  due  to  experimental  error.  From  my  own  experiments  it  would 
seem  reasonable  to  expect  that  the  experimental  error  would  be  about 
equal  for  the  whole  series.  Since  this  obviously  was  not  observed  it  must 
be  concluded  that  there  is  actually  some  manganous  oxide  formed,  but 
only  in  variable  and  small  percentages  when  the  oxidation  is  conducted 
in  the  manner  described  above. 

The  data  in  Col.  VII  show  that  the  small  deficit  in  the  permanganate 
used  increases  rapidly  when  0.5  molecule  potassium  hydroxide  is  present 
and  apparently  arrives  at  a  maximum  with  4  molecules  of  potassium 
hydroxide,  or  when  tlie  solution  is  o.i  14  N  alkali  to  begin  with.  From  the 
figures  in  Cols.  XVII  and  XIX  it  is  seen  that  the  solution  must  contain 
at  least  2.52  g.  free  potassium  hydroxide  at  the  end  of  the  experiment, 
I.  e,,  about  0.05  N  alkali.  With  higher  concentrations  the  deficit  drops 
markedly.  The  fact  that  this  effect  is  rather  constant  for  similar  conditions 
is  shown  by  a  comparison  of  the  results  of  the  two  series,  but  especially 
by  a  comparison  of  Expts.  2  and  14.     The  unaccountable  variations  in 

*  Sttzungber.  d.  Math.  Naturwissenschaftlichen  Klasse  d.  Kais.  Akad.  Wissenschaften 
Wien.,  95,  II,  5-30  (1887). 
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such  experiments  are  illustrated  by  £xpt.  15.  In  this  case  the  permanga- 
nate deficit  should  have  been  more  than  3  g.  but  was  actually  only  2.13  g. 
Smolka  also  found  similar  variations  when  using  neutral  solutions.  These 
variations  no  doubt  depend  on  slight  but  imperceptible  variations  in  the 
techmque. 

There  are  three  possible  explaoations  of  this  permanganate  deficit  in 
alkaline  solutions: 

(i)  A  large  proportion  of  the  manganese  dioxide  is  reduced  to  a  manga- 
&OUS  compound  and  subsequently  oxidized  by  the  air  to  manganese  dioxide. 

(2)  The  alkali  serves  as  a  catalyst  in  facilitating  the  oxidation  of  the 
glucose  and  the  products  of  its  reaction  with  alkali,  by  means  of  the  oxygen 
of  the  air.    The  manganous  compotmds  may  have  a  role  in  this  catalysis. 

(3)  The  combined  effect  of  (i)  and  (2). 

There  are  no  data  in  the  literature  that  would  entitle  us  to  ascribe  so 
large  an  effect  to  the  first  hypothesis. 

On  the  contrary  there  is  much  evidence  for  the  truth  of  the  second 
hypothesis.  The  extensive  work  of  Nef^  and  his  pupils  and  others,  on 
the  incomplete  oxidation  of  sugars  and  allied  compounds*  lends  strong 
support  to  this  hypothesis.  Perhaps  the  most  directly  helpful  experi- 
ments along  this  line  are  those  of  A.  P.  Mathews.'  Sugar  solutions  con- 
taining various  concentrations  of  alkali  were  placed  in  a  closed  system 
filled  with  oxygen.  The  diminution  of  oxygen  pressure  was  measured  on 
a  manometer  in  the  system.  In  this  way  sharp  qualitative  evidence  of 
the  marked  effect  of  small  alkali  concentrations  in  producing  a  relatively 
enormous  increase  of  the  absorption  of  an  oxygen  atmosphere  by  sugar 
solutions  was  obtained.  Accordingly,  if  arguments  based  on  analogy  in 
this  way  have  any  weight,  this  hypothesis  seems  the  most  probable. 

It  may  be  that  the  true  explanation  will  involve  both  (i)  and  (2)  as 
suggested  in  (3). 

The  .elucidation  of  the  mechanism  of  this  excess  oxidation  will  be  of 
great  theoretical  interest,  but  in  some  ways  the  fact  that  it  takes  place  at 
all,  and  more  especially,  the  fact  that  it  is  so  markedly  induced  by  very 
smaU  concentrations  of  alkali  (even  0.014  ^  alkaU  gives  a  strong 
effect)  and  that  it  comes  to  a  maximum  at  a  low  alkaU  concentra- 
tion   (about    o.i    N)    is   of    greater    practical    interest.'     In    changing 

^Ann.,  357,  214  (1907);  376,  I  (1910);  403»  204  (1914)- 

*  J.  Biol.  Chem.,  6,  3-20  (1909). 

'  Mathews  suggests  that  with  glucose  the  maximum  alkali  effect  was  obtained  at 
0.2  N.  According  to  my  own  experiments  atmospheric  oxidation  was  considerably 
less  at  0.228  N  than  at  0.114  N,  but  this  may  be  due  in  part  to  the  fact  that  the  addi- 
tion of  permanganate  to  Expts.  i,  2  and  3  was  delayed  at  first,  us  stated  above,  owing 
10  the  fact  that  manganese  dioxide  was  not  precipitated  at  the  beginning.  On  the 
other  hand  Mathews  did  not  exclude  the  effect  of  the  increasing  solubility  of  oxygen 
in  alkali  solutions.  The  maximum,  however,  probably  lies  close  to.  or  between,  o.t  or 
0.2  N  alkali.     It  is  probable  that  the  total  available  alkali  is  of  great  importance. 
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from  no  free  alkali  to  a  concentration  of  0.114  N  at  the  beginning 
and  of  0.05  N  at  the  end  the  maximum  alkali  effect  has  been  obtained. 
The  fact  that  minute  concentrations  of  alkali  influence  many  reactions  very 
markedly  has  long  been  known,  especially  to  the  organic  chemist,  but  such 
a  relatively  large  and  graded  effect  of  small  concentrations  on  organic 
oxidations,  especially  when  such  a  powerful  oxidizing  agent  as  permanga- 
nate has  been  used,  came  as  a  surprise.  The  fact  that  this  effect  has  been 
observed  in  three  independent  series  of  experiments  on  two  different 
organic  compounds  (propylene  glycol  and  glucose),  and  by  Mathews 
working  by  another  method,  indicates  clearly  that  these  results  are  not 
anomalous.  There  are  preliminary  data  already  at  hand  which  indicate 
that  the  alkali  effect  described  is  not  found  with  all  organic  compounds 
and  to  a  variable  extent  with  others.  If  this  proves  true  we  now  have  a 
method  of  quantitatively  studying  these  phenomena. 

Products  of  the  Oxidation. — ^The  determination  of  the  products  of 
oxidation  in  this  series  of  experiments  was  a  secondary  object.  Smolka 
found  that  when  glucose  is  completely  oxidized  with  excess  permanganate 
that  the  sole  product  is  carbon  dioxide.  In  one  instance  he  found  a  trace 
of  oxalic  acid.  In  Expts.  8,  9  and  10  the  calculated  quantity  of  carbon 
dioxide  was  obtained,  1.  ^.,  100%.  In  Expt.  11  0.5  molecule  potassium 
hydroxide  was  used  but  the  product  was  the  same,  likewise,  in  Expt.  1 
in  which  one  molecule  of  alkali  was  used  But  in  13  with  1.5  molecules 
of  alkali  0.60  g.,  pr  2%,  of  oxalic  acid  was  found.  When  the  alkali  was 
increased  to  2  molecules,  or  0.8  g.  more  alkali  was  used,  the  oxalic  acid 
increased  to  0.378  g.  or  12.6%.  The  same  result  was  obtained  in  number 
14.  From  this  point  on  the  amount  of  oxalic  acid  increases,  rapidly  at 
first  and  then  slowly  to  1.274  g.,  or  42.18%,  at  64  molecules  of  potassium 
hydroxide.  Simultaneously  there  is  always  a  corresponding  fall  in  the 
carbon  dioxide,  so  that  the  sum  of  the  products  in  each  case  is  equal  ^  to 
100%  (cf.  Cols.  XII,  XIII,  XIV,  XV,  and  XVII). 

One  of  the  most  interesting  facts  brought  out  is  the  increase  of  the  oxalic 
acid  production  from  2%  to  12.6%  on  adding  0.8  g.  additional  potassium 
hydroxide.  In  seeking  an  explanation  of  this  fact  the  calculations  re- 
corded in  Cols.  XVII,  XVIII,  XIX  and  XX  were  made.  Col.  XVII  shows 
the  number  of  grams  of  potassium  hydroxide  necessary  to  neutralize  the 
carbon  dioxide  and  oxalic  acid  to  their  normal  salts.  Col.  XVIII  shows  the 
amount  of  potassium  hydroxide  that  could  arise  from  the  permanganate, 
provided  it  is  completely  hydrolyzed.    According  to  Morawski  and  StingP 

>  The  variations  above  100%  are  due  to  the  absorption  of  carbon  dioxide  from  the 
air.  In  Expts.  4  and  5,  in  which  the  stoppers  were  subsequently  found  to  have  been 
defective,  this  error  in  the  COs  rises  to  a  maximum. 

*  J.  praki.  Chem.,  [2]  18,  86  (1878):  Jahresber.,  1878,  275;  cf.also  Smolka,  Loc. 
cU.,  and  Gmelin-Kraut-Friedheim,  Handbuch  d.  Anorg,  Chem,,  3,  II,  254,  etc. 
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the  precipitate  in  these  experiments  is  KHsMn40io  plus  or  minus  small 
amounts  of  impurities.  If  we  accept  this  statement  as  probably  true  in 
most  of  the  experiments,  the  precipitate  will  contain  part  of  the  theo- 
retically available  alkali-  The  potassium  hydroxide  that  could  be  used  in 
this  way  was  calculated  from  the  data  in  Col.  VI  and  is  given  in  Col. 
XX.  The  figures  in  Col.  XIX,  which  represent  the  amount  of  potassium 
hydroxide  that  should  be  available  for  neutralizing  the  carbonic  and  oxalic 
adds  formed,  are' obtained  by  subtracting  the  values  in  Col.  XX  from  the 
sum  of  those  in  X  and  XVIII. 

From  the  figures  in  XVII  and  XIX  it  is  seen  that  the  alkali  available 
becomes  equal  to  the  alkali  required  for  normal  salts  in  £xpt.  15  and  that 
mider  these  conditions  we  get  a  maximum  yield  of  oxalic  acid.  So  that  in 
this  case  the  effect  of  the  alkali  in  increasing  the  3rield  of  oxalic  add  is 
that  it  converts  more  and  more  of  the  acids  formed  into  their  normal 
salts  and  incidentally  uses  up  the  free  alkali  in  the  process.  Now  it  hap- 
pens that,  of  the  dibasic  aUphatic  acids,  oxalic  add  is  the  only  one  laiawn 
that  is  not  attacked  by  permanganate  in  alkaline  solution,  so  that  as  soon 
as  enough  alkaH  has  been  added  to  convert  part  of  the  oxalic  add  into  its 
normal  salt  that  part  becomes  unavailable  for  oxidation  if  the  conditions 
remain  unchanged. 

In  oxidizing  glucose  with  insuffident  permanganate,  Smolka  found  that 
one  molecule  of  glucose  gives  one  molecule  of  oxalic  add  and  four  molecules 
of  carbon  dioxide,  in  the  absence  of  alkali.  When  more  permanganate 
was  added  the  oxalic  add  diminished  until  six  molecules  of  carbon  dioxide 
and  no  oxalic  add  were  obtained.  The  above  experiments  show  that  the 
latter  conditions  hold  true  when  extra  alkali  is  added,  up  to  the  point  at 
which  the  amount  of  free  alkali  becomes  equal  to  or  in  excess  of  that  re- 
quired to  convert  the  products  into  their  normal  salts. 

In  calculating  the  percentage  3ridd  of  oxalic  add  it  was  assumed,  in 
order  to  make  the  products  recovered  total  100%,  that  all  the  carbon  is 
oxidized  to  oxalic  add,  i.  e,,  three  molecules  of  oxaUc  acid  from  each 
molecule  of  glucose.  If,  however,  the  above  data  of  Smolka  hold  true 
in  all  cases,  but  one  molecule  of  oxalic  acid  would  be  formed,  i,  e.,  the  maxi- 
mum attainable  yidd  would  be  33%  oxalic  acid.  The  data  show  that  this 
is  not  the  true  maximum.  Furthermore,  W.  Greifenhagen,  J.  Konig, 
and  A.  Scholl^  found  on  oxidizing  various  hexoses  (0.20  g.),  induding 
glucose,  in  40  cc.  of  boiling  20%  potassium  hydroxide  with  50  cc.  0.1  N 
KMn04,  that  2  molecules  of  oxalic  add  and  2  molecules  of  carbon  dioxide 
are  formed,  i.  e,,  66%  oxalic  acid.  Their  quantitative  data  correspond 
very  dosely  with  this  statement. 

It  is  well  known  that  glucose,  as  well  as  other  sugars,  undergoes  marked 
changes  in  the  presence  of  alkaU  and  in  the  absence  of  oxygen,  by  which 
*  Biochem.  Z.,  35,  16S-93  (1911)- 
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they  are  finally  broken  up  into  shorter  chains  which  often  rearrange,  in 
part  at  least,  into  stable  compounds  such  as  lactic  add.  Moreover,  sudi 
shorter  chain  carbon  derivatives  tend  to  give  quantitatively  one  molecule 
of  oxalic  acid  and  one  of  carbon  dioxide  with  permanganate  in  strongly 
alkaline  solutions.^  So  that  although  Greifenhagen,  et  al.,  obtained  about 
66%  of  oxalic  acid  they  were  working  under  conditions  in  which  the  maxi- 
mum decomposing  effect  of  the  alkali  could  be  obtained,  and  therefore 
the  maximum  number  of  short  chain  molecules.  In  my  own  experiments, 
conducted  at  room  temperature  and  with  much  smaller  alkali  concentra- 
tions, the  decomposition  of  the  glucose  into  molecules  with  shorter  carbon 
chains  would  be  relatively  very  much  smaller.  It  is  therefore  dear  that 
Smolka's  formulation  of  the  products  of  the  oxidation  holds  only  for  the 
conditions  under  which  he  worked.  As  soon  as  excess  alkali  is  present 
in  the  reaction  solutions  the  signs  of  the  decomposing  action  of  the  alkali 
would  be  preserved,  since  oxalic  add  is  stable  under  these  conditions  and 
since  each  shorter  molecule  tends  to  produce  a  molecule  of  oxalic  acid. 
So  that  roughly,  as  far  as  we  now  know,  the  amount  of  oxalic  add  in  excess 
^i  33%  i^  these  cases  in  which  excess  alkali  was  present  may  be  taken  as 
a  measure  of  the  amount  of  this  decomposition.* 

An  additional  bit  of  evidence  for  this  interpretation  was  obtained  thus: 
Expt.  3  was  repeated.  2  g.  glucose  were  dissolved  in  i  liter  of  water  and 
6.40  g.  potassium  hydroxide  were  added  to  the  colorless  solution.  The 
mixture  was  placed  on  the  steam  bath  for  V4  hour  and  became  rich  brown 
in  color  and  had  an  odor  of  caramel.  After  cooling  it  was  treated  with 
solid  potassium  permanganate  a  little  at  a  time  as  usual.  8.52  g.  potassium 
permanganate  were  required  for  complete  oxidation.  1.255  ^'  oxalic  add 
were  formed,  or  41. 83%  of  that  theoretically  possible  if  all  the  carbon  in 
the  glucose  were  converted  into  oxalic  add.  Only  36%  oxalic  add  was 
obtained  in  Expt.  3.  Thus  it  was  shown  that  even  warming  a  short  time 
before  oxidation  markedly  affects  the  3ridd  of  oxalic  add. 

Resxmie. 

It  had  previously  been  found  in  oxidizing  propylene  glycol  with  potas- 
sium permanganate  in  alkaline  solution  that  only  about  three-fourths  of 
the  calculated  amount  of  permanganate  was  utilized  in  some  cases.  A 
spedal  series  of  experiments  on  the  complete  oxidation  of  glucose  with 
permanganate,  in  the  presence  of  variable  amounts  of  alkali  showed  that 
this  defidt  in  the  amount  of  permanganate  required  occiurs  to  a  slight  ex* 

^  The  three  carbon  compounds  do  not  always,  as  was  shown  by  Evans  and  Witze- 
mann  (Loc,  cit.),  quantitatively  give  one  molecule  of  oxalic  add  plus  one  molecule  of 
carbon  dioxide,  in  alkaline  solution,  but  the  statement  is  approximately  true. 

*  Greifenhagen,  et  al.,  have  used  a  different  interpretation  which  apparently  holds 
true  for  the  6  carbon  compounds  but  which  breaks  down  with  the  5,  4,  3  and  2  carbon 
compounds  with  which  they  also  worked. 
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tent  even  in  the  absence  of  alkali,  but  increases  rapidly  on  the  addition 
of  small  amounts  of  alkali  up  to  a  concentration  of  about  o.i  N,  after 
which  it  diminishes  somewhat.  By  careful  analyses  of  the  manganese 
precipitate,  it  was  found,  in  the  solutions  containing  little  or  no  alkali, 
that  the  oxidizing  power  of  the  precipitate  was  only  slightly  less  than  it 
would  have  been  if  all  the  permanganate  used  had  been  quantitatively 
converted  into  manganese  dioxide.  In  the  more  alkaUne  experiments  there 
was  no  deficit  of  this  kind.  It  was  thus  shown  that  the  excess  oxidation 
in  these  experiments  was  not  due  to  a  permanent  reduction  of  permanga- 
nate to  manganous  oxide.  If  it  is  thus  reduced  at  first  it  was  subsequently 
oxidized  by  atmospheric  oxygen  or  permanganate  to  the  peroxide.  It  is 
thought  probable,  however,  that  a  considerable  part  of  the  permanganate 
deficit  is  due  to  the  direct  oxidation  of  the  sugar  in  the  alkaline  solution 
by  atmospheric  oxygen.  Both  of  the  preceding  processes  may,  however, 
play  a  part  in  producing  the  permanganate  deficit.  But,  whatever  the 
mechanism  of  this  excess  oxidation  may  be,  it  was  clearly  demonstrated 
that  the  excess  oxidation  was  due  to  the  action  of  atmospheric  oxygen  in 
some  way. 

The  sole  products  of  the  complete  oxidation  of  glucose  under  these 
conditions  are  carbon  dioxide  and  oxalic  acid.  It  was  shown  that  the 
oxalic  acid  increases  very  rapidly  from  none  to  a  large  amount  within 
small  range  of  change  in  alkalinity.  But  it  was  successfully  proved  from 
the  data  that  this  is  not  solely  a  question  of  the  initial  concentration  of 
the  alkali,  but  is  also  dependent  on  the  degree  to  which  the  initial  concen- 
tration is  maintained.  Oxalic  add  or  potassium  acid  oxalate  are  not  stable 
in  permanganate  solution,  so  that  such  oxaUc  add  as  is  formed  cannot  per- 
sist even  in  part  tmtil  the  amount  of  alkali  present  is  suffident  to  convert 
it  into  normal  potassium  oxalate  (which  is  stable  in  permanganate  solu- 
tion). 

Some  deductions  about  the  mechanism  of  the  formation  of  oxaUc  add 
were  also  made. 

Cbzcaoo.  III. 


NEW  BOOKS. 
Chemical  German.    By  Pirancis  C.  Phuxips,  Professor  of  Chemistry  in  the  Uni- 
versity of  Pittsbm-g.   Second  Edition.   Pp.  viii  -H  250.  Easton,  Penna. :  The  Chem- 
ical Publishing  Co.    Price,  $2.00. 

The  sub-title  of  the  book  expresses  its  scope.  It  is  "an  introduction 
to  the  study  of  German  Chemical  Literature,  including  rules  of  nomen- 
clature, exerdses  for  practice,  and  a  collection  of  extracts  from  the  writings 
of  German  chemists  and  other  scientists,  and  a  vocabulary  of  German 
chemical  terms  and  others  used  in  technical  Uterature."  The  book  is 
intended  for  students  who  have  had  at  least  a  year  of  German,  and  who 
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have  mastered  the  elements  of  chemistry.  It  covers  the  field  of  inorganic 
and  organic  chemistry,  and  emphasis  is  put  upon  the  processes  used  in 
the  laboratory.  Selections  from  the  writings  of  chemists  follow  the  gen- 
eral exercises,  the  purpose  of  which  is  to  make  the  student  familiar  with 
the  technical  vocabulary  of  the  science.  These  selections  are  well  chosen^ 
both  from  the  standpoint  of  the  language  and  of  the  general  interest 
connected  with  their  contents.  The  student  has  an  opportunity  to  read 
from  the  writings  of  Wohler,  Berzelius,  Ddbereimer,  V.  Meyer  and  Jacob- 
son,  Engler,  Elbs,  v.  Brunck,  Bleier,  Bunsen,  Caro,  Jahn,  Landolt,  and 
other  well  known  chemists.  The  vocabulary  is  excellent;  it  contains 
many  technical  words  and  abbreviations  which  can  be  found  elsewhere 
with  difficulty,  and  it  is,  therefore,  of  value  to  the  student  who  is  begin- 
ning to  read  the  German  chemical  journals.  The  work  has  been  well 
done  and  the  book  merits  the  success  it  has  reached.  In  the  opinion  of 
the  reviewer  it  is  by  far  the  best  book  published  for  the  student  who  de- 
sires to  acquire  a  reading  knowledge  of  chemical  German.  The  value  of 
the  book  would  be  increased  by  including  a  few  articles  on  physical 
chemistry,  which  introduce  the  special  words  used  in  this  branch  of  the 
science;  or  these  words  could  be  added  to  the  vocabulary  in  a  later  edi- 
tion. Jambs  P.  Norris. 

Scientific  and  Applied  Pharmacognosy.  By  Hbnry  Krasmbr,  Professor  of  Botany  and 
Pharmacognosy,  Philadelphia  College  of  Pharmacy.  Pp.  857;  plates,  30o-h> 
oompriaing  about  1000  figs.  Philadelphia:  M.  O.  Smith,  145  N.  toth  St. 
Price,  $5.00. 

Disputes  as  to  the  genuineness  and  quality  of  drugs  offered  for  im- 
portation into  the  United  States  have  as  frequently  been  appealed  to  the 
chemist  as  to  the  botanist,  and  not  infrequently  both  have  been  called 
upon  to  arbitrate  between  the  importer  and  the  port  officials.  This  work 
of  identification  and  verification  of  drugs  at  ports  of  entry  has  created  a 
demand  for  trained  pharmacognosists,  a  demand  which  will  most  likely 
be  increased  with  the  appearance  of  the  new  pharmacopoeia,  which,  for 
the  first  time,  will  devote  considerable  space  to  descriptions  of  the  micro- 
scopic appearance  of  vegetable  drugs  in  powdered  form. 

While  employment  in  the  field  of  applied  pharmacognosy  has  become 
abundant,  the  workers  are  still  few  in  number,  and  in  many  cases  their 
training  has  been  along  the  separate  lines  of  the  chemist  or  botanist,  so 
that  they  are  often  called  upon  to  search  for  information  in  special  fields 
with  which  they  are  not  familiar  Most  of  the  available  authoritative 
works  on  pharmacognosy  have  been  by  foreign  authors,  and  give  but 
scant  attention  to  many  important  plant  drugs  of  American  origin;  or 
the  information  desired  has  been  widely  scattered  through  special  jour- 
nals and  not  readily  accessible  to  the  average  worker. 

No  one  was  better  fitted  to  fill  this  gap  in  the  literature  of  crude  drags 
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than  Professor  Kraemer,  and  this  new  volume  fills  it  in  an  eminently 
acceptable  manner. 

The  volmne  embraces  as  comprehensive  a  smvey  of  the  general  sub- 
ject of  pharmacognosy  as  could  be  looked  for  within  a  work  of  its  size, 
and  the  subject  matter  has  been  assembled  and  arranged  by  one  who  is 
not  only  a  practical  laboratory  worker  but  who  has  also  made  numerous 
valuable  contributions  to  the  science.  The  various  drugs  are  assembled 
under  their  respective  families,  which  is  not  only  the  most  logical  arrange- 
ment from  the  standpoint  of  systematic  botany,  but  facilitates  their  com- 
parison with  allied  drug  products. 

One  feature  which  will  be  appreciated  by  the  pharmaceutical  chemist 
who  is  an  occasional  rather  than  a  constant  worker  in  pharmacognosy 
are  the  references  to  leading  articles  in  other  publications  which  are  at- 
tached to  the  description  of  nearly  every  important  drug.  This  informa- 
tion will  be  especially  useful  to  those  whose  training  has  been  mainly 
along  chemical  lines,  and  is  a  feattu-e  that  may  with  benefit  be  still  further 
expanded  in  futtu^  editions.. 

The  illustrations  are  numerous  and  well  executed,  most  of  them  from 
original  drawings  or  photographs  by  the  author,  and  as  a  rule  are  not  mere 
idle  embellishments,  but  have  a  close  and  organic  connection  with  the 
text.  But  few  important  drugs  have  been  overlooked  in  the  illustra- 
tions, and  in  many  instances,  figures  of  crystalline  chemical  constituents 
are  given  as  well  as  those  of  tissues  and  tissue  elements. 

The  concluding  section  of  the  volume  consists  of  an  elaborate  "key" 
or  scheme  for  the  identification  of  powdered  drugs  by  means  of  their 
physical  appearance  to  the  eye  or  under  the  microscope,  which  should  do 
much  to  relieve  the  feeling  of  utter  helplessness  with  which  the  analyst 
is  apt  to  be  afflicted  when  confronted  with  a  comminuted  vegetable  drug 
of  unfamiliar  organoleptic  qualities,  and  devoid  of  characteristic  chemical 
constituents  which  might  throw  light  upon  its  identity. 

This  key  is  almost  or  quite  wholly  the  original  work  of  the  author, 
and  its  presence  is  of  itself  a  sufficient  reason  for  the  inclusion  of  the  vol- 
ume in  the  library  of  anyone  who  has  much  to  do  with  the  identifica- 
tion or  testing  of  powdered  vegetable  drugs.  J.  H.  Beal. 

Akoholometric  Tables.    By  Sir  Edward  Thorps.    London:  Longmans,  Green  &  Co. 
1915.     16  mo.,  XV  +  91  pp.    Price,  $1 .  10,  net. 

These  tables  have  been  compiled  under  the  direction  of  the  long-time 
principal  of  the  British  government  laboratory.  They  were  originally 
published  in  "A  Dictionary  of  Applied  Chemistry,"  and  have  now  been 
extended  so  that  Table  I  shows  the  percentage  by  weight  and  by  volume 
as  well  as  the  percentage  of  fiscal  proof  spirits  for  each  even  number  from 
0.7940  to  0.9998,  or  1030  entries  of  specific  gravity  in  airat6o°F./6o®  F. 
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The  greatest  difference  between  consecutive  percentages  of  alcohol  is 
o.  19,  so  that  interpolation  is  sufficiently  easy. 

Table  II  shows  for  each  fifth  of  a  degree  of  Sikes  hydrometer  (550 

entries)  the  amount  of  British  proof  spirit,  of  American  proof  spirit,  of 

alcohol  by  weight  according  to  the  German  system  of  alcoholometry, 

and  of  alcohol  by  volume  according  to  the  system  adopted  in  France 

•  and  according  to  Tralles. 

Table  III  gives  the  indications  of  the  hydrometers  legalized  in  Russia, 
Holland,  Spain  and  Switzerland  which  correspond  to  integral  degrees 
of  Sikes. 

The  tables  are  founded  on  the  results  of  Mendel^.  The  data  obtained 
by  Blagden  and  Gilpin  about  1794  and  by  Drinkwater  about  1848,  at 
least  those  relating  to  weak  alcoholic  mixtures,  were  so  good  that  mafl3r 
of  them  were  included  by  Mendel^f  in  his  published  tables,  and  the  results 
of  these  four  authorities  are  the  basis  of  the  present  convenient  and  wdf 
printed  tables.  Edward  W.  Morley. 

Practical  Organic  and  Biochemistry.     By  R.  H.  A!  Pldimkr.    London:  Lonsmaos, 
Green  &  Company.     Price,  $3.60. 

A  new  improved  and  extended  edition  of  the  author's  *'  Practical  Physio- 
logical Chemistry,"  intended  primarily  for  the  use  of  medical  students. 

Although  an  attempt  has  been  made  to  include  the  latest  discoveries 
in  organic  and  biochemistry,  the  value  of  the  work  as  a  text-book  is  largely 
curtailed  by  the  almost  complete  absence  of  theoretical  discussion,  and, 
as  a  reference  work,  by  the  necessary  omission  of  many  important  methods 
and  facts,  if  the  book  were  to  be  kept  within  the  bounds  to  which  the 
author  limits  himself.  However,  the  work  has  many  good  features  and 
would  be  of  great  use  as  a  review  of  the  subjects. 

Too  brief  a  treatment  of  important  principles  leads  only  to  confusion 
and  as  one  of  many  such  instances  may  be  mentioned  that  in  the  chapter 
on  carbohydrates  the  usual  projection  formulas  for  the  sugars  are  given 
without  proof  of  their  configuration. 

Unfortunately,  there  are  numerous  errors  and  misstatements.  As 
in  the  above  mentioned  chapter,  page  174,  "Hexahydric  alcohols  exist 
in  ten  sterioisomeric  forms;"  page  185,  "Xylose  is  obtained  from  straw 
and  various  forms  of  cellulose  It  is  optically  inactive;"  page  195,  "Pen- 
toses are  dextrorotatory  or  inactive."  There  is  a  typographical  error  on 
page  139  in  the  formula  for  azoxybenzene,  also  an  hydroxyl  group  is 
omitted  in  the  formula  for  morphine,  page  357,  and,  page  358,  th^t  of 
narceine  contains  a  carbonyl  in  place  of  a  raethoxy  group. 

In  the  chapter  on  nucleic  acids,  page  301,  inosinic  acid  is  stated  to  con- 
tain xanthine  and  to  be  identical  with  vemine.  Many  more,  less  con- 
spicuous errors  are  present  throughout  the  book. 

The  best  features  of  the  biochemical  section  are  the  chapters  dealing 
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with  proteins  and  enzyme  action  and  the  analysis  of  tissue  and  excre- 
tions. 
Tables  and  a  list  of  common  reagents  are  appended. 

F.  B.  La  Porgb. 

Chemical  Constitution  and  Phy8iolog;ical  Action.  By  Prop.  Dr.  Lbopold  Spibgsl, 
Berlin.  Translated,  with  additions,  from  the  German  b}  C.  LuBdbsing,  Ph.D., 
Leipsic,  and  A.  C.  Boyi^Ton,  A.M.,  Harvard.  New  York:  D.  Van  Nostrand 
Co.    V  and  155  p.    Price,  $1.25,  net. 

This  concise  and  able  treatise  is  a  translation  of  an  address  published 
or^inally  in  the  "Sammlung  Chemischer  und  Chemisch-technischer 
Vortrdge,"  Vol.  14,  Bnke,  Stuttgart.  It  is  obvious  that  a  small  work 
of  this  type  cannot  cover  with  any  great  thoroughness  a  vast  field 
bristling  with  indefinite  statements  and  contradictions  which  render 
extremely  difficult  the  culling  of  the  main  facts  and  principles.  The 
author  has,  however,  succeeded  admirably  in  presenting  the  essentials 
in  a  very  compact  form,  so  that  the  little  voltmie  should  serve  as  an 
excellent  introduction  to  its  subject.  In  the  chapter  entitled  "General 
C(»isiderations,"  especially,  he  has  also  attempted  a  certain  measure  of 
critical  discussion  that  is  decidedly  refreshing  to  one  who  has  struggled 
through  the  corresponding  part  of  Prankel's  classic  ''Arzneimittelsyn- 
these"  in  the  h<^  of  finding  guidance  rather  than  what  is  often  a  mere 
catalog  of  irreconcilable  assertions.  It  is  only  to  be  regretted  that  the 
apparent  unfamiliarity  of  the  translators  with  the  terminology  of  organic 
chemistry  has  permitted  an  absurdity  such  as  "stearic  structure  of  com- 
plex molecules"  and  so  little-used  a  word  as  "acetylization"  to  figure  in 
the  text.  MiCHABL  Hbidblbbrgbr. 

Phyiiological  Chemistry.  Text-Book  and  Manual  for  Students.  By  AtsBRT  P. 
Mathbws,  Ph.D.,  Professor  of  Physiological  Chemistry,  University  of  Chkago. 
One  volume  of  1042  pages,  octavo,  illustrated  by  cuts,  tables  and  diagrams. 
New  York:  William  Wood  &  Company.    Muslin,  $4.25,  net. 

This  is  the  most  important  new  text-book  and  manual,  written  in  the 
English  language,  that  has  been  contributed  to  the  literature  of  physio- 
logical chemistry  in  several  years.  It  diflFers  from  its  nearest  competitor — 
if  that  is  an  appropriate  expression  to  apply  in  the  field  of  learning — 
both  in  the  viewpoint  and  mode  of  presenting  the  subject  matter. 
Mathews'  volume  is  not  of  the  cyclopedia  type,  like  a  work  of  ready  refer- 
ence to  which  one  turns  to  ascertain  specific  facts  or  formulate  analytical 
procedures.  It  is  rather  a  book  which,  in  a  most  delightful  manner, 
weaves  the  history  of  the  chemical  aspects  of  physiology  into  the  story 
of  its  modem  discoveries.  There  is  no  dearth  of  facts,  of  statistics,  of 
teactions,  of  formnlas  and  descriptive  biochemistry;  but  for  the  most 
part  these  are  made  to  fit  in  unique  ways  into  a  d3mamic  conception  of 
physiological  chemistry.    The  functional  aspects  are  nowhere  overlooked; 
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and  a  profusion  of  problems  of  the  science  are  pointed  out  by  direct  em- 
phasis or  by  intimations  which  one  is  not  likely  to  fail  to  appreciate. 
There  is,  furthermore,  a  novelty  of  statem^it,  a  freshness  of  presenta- 
tion, quite  unlike  the  conventional  text-book  that  is  merely  compiled  from 
current  writings.  The  reviewer  cannot  refrain  from  citing  an  illustrative 
passage  or  two  as  an  instance  of  these  human  touches.    Thus: 

"It  is  certainly  not  without  significance  that  living  matter  is  so  watery 
and  contains  the  salts  of  the  sea.  It  would  appear  probable  from  this 
that  living  matter  originated  either  in  the  sea  itself  or,  perhaps,  in  some 
pool  of  water  which  contained,  possibly  in  dilute  form,  the  common  salts. 
It  has  been  suggested  that  it  was  in  some  slowly  drying  volcanic  pgd 
where  concentration  could  take  place,  and  where  cyanides  and  other  sim- 
ilar reactive  organic  compounds  might  have  been  formed  by  the  vigorous 
electrical  discharges  accompanying  the  eruptions,  that  living  matter 
first  appeared.  We  would  thus  have  sprung  from  the  thunderbolts  of 
Jove,  if  this  theory  is  true;  but  we  are,  at  any  rate,  the  children  of  the  sun 
and  the  sea,  of  Apollo  and  Aphrodite."     (P.  15.) 

Or,  again,  in  the  description  of  the  nature  of  the  substances  concerned 
in  intermediary  metabolism: 

*'One  way  of  finding  out  what  these  substances  are  is  by  combining 
them  with  something  so  as  to  make  them  stable  and  thus  cause  them  to 
escape,  or  to  pass  unscathed  through  the  fire  of  metabolism,  coming  like 
Shadrach,  Meshach  and  Abednego  to  testify  to  the  truth  or  falsity  of  our 
faith.  Baumann  discovered  that  cysteine  was  such  an  intermediary 
metabolic  product."     (P.  815.) 

One  could  readily  select  a  series  of  entertaining  passages,  such  as  those 
telling  the  story  of  Pasteur's  discovery  of  the  two  forms  of  tartaric  add 
crystals  (pp.  20  21),  or  the  epoch-making  contributions  of  Lavoisier,  or 
the  reasoning  which  led  Claude  Bernard  to  some  of  his  discoveries — ^in 
further  illustration  of  the  exceptionally  fascinating  style  of  the  book. 
In  the  detail  with  which  some  of  the  historical  aspects  of  physiology  are 
reviewed  one  is  reminded  of  the  earlier  text-book  by  Gamgee. 

As  might  be  expected  from  a  knowledge  of  the  author's  own  investiga* 
tions,  the  physico-chemical  aspects  of  the  subject  are  prominently  treated. 
Speculation  is  not  excluded  so  that,  for  example,  in  a  fanciful  discussim 
on  the  resemblance-of  the  body  to  a  magnet  we  are  told  (p.  268)  that  "  AB 
is  in  flux  in  nature.  Stability  is  but  an  appearance.  Our  brief  lives  are 
like  the  fraction  dt  in  a  differential  equation,  infinitely  brief  in  the  time 
of  the  universe.  Things  appear  constant  when  observed  fcMr  such  as 
infinitely  brief  time." 

The  question  of  the  relative  importance  to  be  assigned  to  individual 
topics  is  nattu-ally  answered  in  accord  with  personal  preferences.  It  can 
be  said  fairly  that  Mathews  has  not  neglected  incompletely  explored  topics, 
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of  which  the  coagulation  of  the  blood  and  the  chemistry  of  nervous  sub- 
stance may  serve  as  examples  always  difiQcult  to  present  satisfac- 
torily. Mathews'  mode  of  approach  is  usually  biological,  as  may  be 
seen  in  discussions  such  as  that  on  the  formation  of  pepsin  (pp.  353- 
354).  Physiology  and  histology  are  woven  into  the  chemical  considera- 
tions. The  presentation  of  disputed  topics  is  in  general  commendable 
and  well  balanced.  Bach  important  chapter  ends  with  a  r^sum^  that  is 
useful  for  didactic  purposes.  The  statements  cover  even  very  recent 
literature  in  this  field  Where  so  much  must  be  said  in  praise  it  can  do 
no  harm  to  add  that  the  discussions  concern  almost  exclusively  the  themes 
of  animal  physicdogy.  with  little  regard  to  equally  interesting  features 
m  plant  biochemistry. 

To  the  text-book  proper  is  added  a  series  of  about  250  practical  exer- 
dses  including  directions  for  the  execution  of  approved  routine  methods 
of  biochemical  research.  The  selected  experiments  furnish  considera- 
ble latitude  to  the  teacher  and  the  carefully  worded  directions  for  quan- 
titative work  offer  useful  assistance  to  the  advanced  worker  in  the  physio- 
logical chemistry  laboratory.  It  matters  little  whether  the  arrangement 
of  this  part  of  the  book  is  entirely  acceptable  as  a  scheme  of  instruction; 
for  in  biochemistry,  as  in  the  older  discipline  of  elementary  chemistry, 
the  competent  instructor  is  still  likely  to  be  guided  by  his  own  ideas  of 
sequence  and  proporticMi  in  the  practical  work.  Individuality  in  teach- 
ing is  rarely  a  misfortune;  and  the  series  of  directions 'in  Mathews'  book 
segregated  from  the  text  itself  make  possible  a  maximum  latitude  in  its 
use  with  students.  The  author  may  be  assured  that  his  welcome  contri- 
bution wiU  accomplish  what  he  terms  the  main  objects  of  every  teacher: 
to  arouse  interest  in  the  subject  and  to  stimulate  curiosity  and  inquiry; 
for  he  has  written  a  readable  text-book  in  a  broadminded  spirit. 

Lai^^ybtte  B.  Mbndbl. 

Temperatur  und  Lebensvorgilnge.  By  Aristidss  Kanitz.  Berlin:  Gebriider  Born- 
traeger.     1915.    P.  175- 

'*The  velocity  of  the  majority  of  chemical  reactions,  at  customary 
temperatures,  is  approximately  doubled  or  trebled  by  a  rise  in  tempera- 
ture of  ten  degrees,"  while  the  majority  of  physical  changes  are  affected 
in  a  much  less  degree  at  corresponding  temperatures  by  a  similar  change 
in  temperature.  This  fact  led  E.  Cohen,  in  1896,  to  throw  out  the  ex- 
ceedingly fruitful  suggestion  that  a  study  of  the  influence  of  tempera- 
ture changes  upon  the  velocity  of  life  processes  might  indicate  whether 
these  processes  are  or  are  not  primarily  the  expression  of  underlying 
chemical  changes. 

Following  the  pioneer  work  of  Herzog,  Abegg,  Kanitz,  Loeb  and  Sny- 
der, a  very  considerable  number  of  investigators  have  in  recent  years 
entered  this  field  of  research.    Among  them  none  is  more  closely  identi- 
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fied  with  these  investigations  than  the  author  of  this  very  timely  and 
exhaustive  monograph. 

The  author  has  brought  together  in  form  convenient  for  reference  a 
truly  impressive  array  of  facts  upon  the  foundation  of  which  we  are  un- 
questionably entitled  to  base  the  conclusion  that  the  vast  majority  of 
the  measurable  activities  of  living  tissues  are  determined,  in  so  far  as  the 
rate  at  which  they  occur  is  concerned,  by  underlying  chemical  processes, 
a  conclusion  which  is  also  supported  in  numberless  special  instances  by 
the  modem  developments  of  anal3rtical  biochemistry. 

Not  only  are  we  enabled  by  the  use  of  this  method  to  establish  the 
probable  chemical  nattue  of  the  processes  which  determine  the  velocity 
of  life-phenomena,  there  also  appears  to  be  some  ground  for  hoping  that 
in  the  future  we  may  be  able  to  sharply  distinguish  between  the  chemical 
processes  underlying  different  life-phenomena  by  means  of  the  marked 
differences  which  subsist  between  the  magnitudes  of  the  effects  of  tem- 
perature upon  them.  As  an  example  we  may  cite  the  fact  that  whereas 
the  temperattu-e  coefficient  of  growth  and  development  is  of  the  customaiy 
magnitude,  namely  between  2  and  3,  that  of  c3rtol3rsis  and  death  lies 
between  200  and  4000  (pp.  107-110),  the  lower  figures  obtained  by  Good- 
speed  (p.  Ill)  being  probably  attributable  to  the  high  temperatures 
employed  and  the  complication  introduced  by  the  coagulation  of  pro- 
teins. This  fact  is  in  sharp  disagreement  with  the  view  which  has  been 
expressed  in  some  quarters  that  the  death  of  the  cell  is  part  of  the  same 
process  as,  and  a  necessary  outcome  of,  its  growth. 

The  review  of  the  literature  of  the  subject  is  very  exhaustive  and  the 
various  articles  to  which  reference  is  made  are  not  dted,  as  is  often  the 
case  in  such  monographs,  as  if  they  were  all  of  equal  value.  Due  deduc- 
tion is  made  for  faulty  technique  or  inference,  while  exceptionally 
careful  work  is  brought  into  the  prominence  to  which  it  is  entitled. 

T.  Brailsforb  Robertson. 

Laboratory  Exercises  Arranged  to  Accompany  "First  Course  in  Chemistry.'*  By 
McPhbrson  and  Hbndhrson.  Pp.  ix  +  128.  Ginn  and  Co.,  1915.  Clotfa, 
40  cents.     Bifiex  binder,  60  cents. 

One  hundred  and  one  laboratory  exercises  in  elementary  chemistiy 
are  given.  They  cover  the  ground  generally  gi\Tn  in  a  good  high  school 
course  in  chemistry,  meeting  the  demands  of  those  who  desire  a  prac- 
tical application  of  the  principles  of  chemistry  as  well  as  the  demands 
of  those  who  take  chemistry  as  a  college  entrance  requirement.  The 
work  in  organic  chemistry  is  naturally  superficial  and  not  thorough. 
The  criticisms  applied  to  the  diagrams  of  the  apparatus  in  the  Laboratoiy 
Manual  can  be  applied  to  the  diagrams  in  the  Exercises.  The  Exercises 
contain  information  in  an  appendix  with  regard  to  apparatus  and  ma- 
terials of  special  value  to  inexperienced  teachers.  Lillian  Cohbn. 
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Received  December  20.  1915. 

The  periodic  system  is  the  most  important  generalization  of  the  facts 
embodied' in  the  science  of  chemistry,  and  one  of  the  most  glaring  errors 
in  chemical  pedagogy  during  the  past  fifteen  years  has  been  the  neglect 
(rf  this  system,  both  in  the  so-called  modem  text-books  and  in  the  courses 
oil  instruction  given  in  some  of  our  universities.  This  has  probably  been 
due,  in  a  large  measure,  to  the  unfortunate  attempt  which  has  been  made 
by  certain  chemists  to  present  chemistry  without  the  use  of  the  atomic 
theory.  Recent  remarkable  discoveries  made  by  physicists  have,  how- 
ever, made  it  evident  that  the  atomic  theory  and  the  periodic  system 
are  of  supreme  importance  in  both  chemistry  and  physics. 

The  total  number  of  elements  in  our  present  ordinary  system  from 
helium  to  tu-anium,  inclusive,  is  91,  and  with  hydrogen  this  makes  92 
dements  in  all.  The  system  from  helium  to  uranium  seems  to  be  com- 
pletely known,  though  not  all  of  the  elements  have  been  discovered, 
but  nothing  is  known  as  to  whether  there  are  any  elements  which  belong 
to  the  ordinary  system  and  fall  between  hydrogen  and  helium  in  atomic 
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weight  (possibly  with  atomic  weights  2  and  3).  Of  the  92  elements,  87 
have  ah-eady  been  discovered  and  5  are  still  imknown.  Of  these  5,  three 
belong  to  the  seventh  group,  two  being  in  group  VIIB,  and  these  may 
be  given  the  provisional  names  eka-manganese  I  (atomic  weight  about 
99),  and  eka-manganese  II  (divi-manganese)  (atomic  weight  about  188). 
These  elements,  particularly  the  second,  should  have  extremely  high  melt- 
ing points.  In  group  VIIA  eka-iodine  should  have  an  atomic  weight  near 
219,  and  in  group  I A  eka-caesium,  for  which  Baxter  made  a  search,  but 
without  success,  should  have  an  atomic  weight  of  about  225.  An  unknown 
element  of  the  rare  earth  group  may  be  called  eka-neodymium  (atomic 
weight  about  146). 

In  addition  to  these  92  elements  of  the  ordinary  system,  Nicholson 
assumes  that  there  is  another  system  of  simpler  elements  such  as  proto- 
hydrogen,  nebulimn,  protofluorine  (coronium),  arconium,  and  other  ele- 
ments, of  atomic  weights  0.082,  1.31,  2.1,  and  2.9.  Of  these  elements 
the  spectra  attributed  to  nebuliiun  and  arconium  are  fotmd  in  the  nebula 
and  that  of  the  hypothetical  protofluorine  is  found  in  the  corona  of  the 
sim.  The  evidence  in  favor  of  this  simpler  system  is  not  very  conclusive, 
but  the  existence  of  these  spectra  makes  it  evident  either  that  some  other- 
wise unknown  elements  exist  in  the  nebulae  and  the  corona  of  the  sun 
or  that  the  spectra  are  due  to  enhanced  lines  from  some  of  the 
ordinary  elements.^  If  such  elements  actually  exist,  they  may  belong 
to  the  ordinary  system,  or  they  may  belong  to  another  system,  possibly 
with  a  simpler  structiu'e  as  Nicholson  assumes.  Nicholson's  atomic 
weights  were  obtained  from  the  width  of  the  spectral  lines,  and  also  from 
the  differences  between  the  calculated  and  tiie  observed  values  of  the 
wave  lengths.  Both  of  these  methods  are  very  uncertain  under  the  con- 
ditions of  observation,  so  there  is  no  conclusive  evidence  for  the  particu- 
lar atomic  weights  which  Nicholson  gives.^  * 

It  has  been  found  that  the  number  of  the  element  in  the  periodic  table, 
beginning  with  hydrogen  as  i,  helium  as  2,  Uthium  as  3,  etc.;  or  what  is 
called  the  atomic  number  is  more  characteristic  of  an  element  than  its 
atomic  weight.  For  example  lead,  with  an  atomic  number  of  82,  con- 
sists of 

Atomic  weight. 

1.  Lead  frem  radium 206.  i 

2.  Ordinary  lead : 207 .20 

3.  Lead  from  thorium 208 .  i 

^  Merton,  Proc.  Roy.  Soc.,  (i4)  91,  498  (19 15),  has  obtained  enhanced  lines  by  a 
discharge  between  carbon  poles  in  a  vacuum  tube,  previously  filled  with  hydrogen, 
which  have  practically  the  same  wave  length,  and  the  same  nebulous  character  as 
eight  of  the  lines  obtained  in  the  spectrum  of  the  Wolf-Rayet  stars. 

*  For  a  more  complete  description  and  discussion  of  Nicholson's  work  see  a  paper 
on  "Recent  Work  on  the  Structure  of  the  Atom,"  Harkins  and  Wilson,  This  Journai^ 
37,  1396-142 1  (1915;. 
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Periodic  Table   by  WDHarKins 

Note,  Fig.  I . — The  connections  between  the  main  and  the  sub- 
groups are  shown  better  in  Fig.  2  than  in  Fig.  i ,  since  in  Fig. 
I  the  connections  were  modified  slightly  by  the  artist  to  bring 
out  the  perspective. 
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Atomic  weight. 

4.  Radium  D 210.  i 

5.  Thorium  B 214.  i 

6.  Radium  B 212. i 

7.  Lead  from  actinium Unknown 

8.  Lead  from  actinium  B Unknown 

9.  Product  of  branch  chain,  radium  series 2 10 .  x 

10.  Product  of  branch  chain,  actinium  series Unknown 

Thus  the  same  element  may  have  very  widely  diflferent  atomic  weights, 
but  the  atomic  ntunber,  which  presumably  gives  the  number  of  positive 
charges  on  the  nucleus  of  the  atom,  remains  constant,  and  in  the  case  of 
lead  is  82. 

A  Periodic  Table  which  Gives  all  of  the  Elements  Plotted  According  to 
Their  Atomic  Weights,  and  Shows  the  Correct  Relations 
from  the  Chemical  Standpoint. 
The  periodic  system  of  Mendel€eff  classified  the  elements  as  well  as 
was  possible  at  the  time  when  it  was  devised,  and  practically  none  of  the 
more  recent  tables  have  made  any  improvement  upon  the  original  form, 
but  the  discoveries  of  the  last  few  years  make  it  possible  to  design  a  table 
which  expresses  the  relations  existing  between  the  elements  much  more 
perfectly. 
A  modem  table  should  meet  the  following  requirements: 
(i)  It  should  plot  the  atomic  weights  so  that  the  isotopes  of  such  an 
element  as  lead  may  be  included  in  it,  their  atomic  weights  shown,  and 
so  that  the  alpha  and  beta  decompositions  of  the  radioactive  elements 
may  be  clearly  depicted. 

(2)  It  should  give  no  blanks  except  those  corresponding  to  atomic 
ntmibers  of  elements  which  remain  to  be  discovered.  The  Mendel^eff 
table  contains  many  blanks  which  can  never  be  filled. 

(3)  It  should  in  a  natural  way  relate  the  main  group  elements  to  the 
elements  in  the  corresponding  sub-group.  The  principal  defect  of  many 
of  the  periodic  tables  is  that  they  have  been  constructed  without  any 
consideration  of  this  important  condition.  A  table  which  shows  no  rela- 
tions between  such  a  main  group  as  the  Be,  Mg,  Ca,  Sr,  Ba  and  Ra  main 
group,  and  the  corresponding  sub-group,  Zn,  Cd,  Hg,  is  not  at  all  correct 
from  the  chemical  standpoint.  On  the  other  hand,  the  form  of  the  table 
itself  should  distinguish  between  the  main  and  the  sub-group  elements. 
One  of  the  disadvantages  of  the  Mendeldejff  table  is  that  the  table  by  its 
form  makes  no  such  distinction,  since  it  throws  the  main  and  sub-groups 
together.  However,  the  Mendel^ff  form  is  much  to  be  preferred  to  those 
given  by  Staigmtiller,  Werner  and  others,  in  which  these  chemical  rela- 
tions are  not  shown  at  all. 

(4)  Both  the  zero  and  the  eighth  groups  should  fit  naturally  into  the 
system. 
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(5)  All  of  the  above  relations  should  be  shown  by  a  continuous  curve 
which  should  connect  the  elements  in  the  order  of  their  atomic  numbers. 
In  the  ordinary  form  of  table  there  is  nothing  to  indicate  the  relation  of 
one  series  to  the  next. 

(6)  As  has  been  shown  by  Harkins  and  Wilson,  the  atomic  weights 
are  a  linear  function  of  the  atomic  numbers,  and  can  be  represented  by 
the  equation 

W  =  2(ti  +  nO  +  1/2  +  i/2(  —  i)— S 
where  n  is  the  atomic  number  and  n'  is  zero  for  the  lighter  elements. 
It  is  therefore  better  to  plot  the  atomic  weights  themselves  than  to  plot 
the  logarithms  as  has  been  done.^ 

A  modem  table  which  meets  these  requirements  and  also  shows  other 
relationships  not  expressed  by  the  ordinary  form  of  table,  may  be  con- 
structed as  a  helix  in  space,  or  as  a  spiral  on  a  plane.  The  space  form  is 
more  nearly  like  the  ordinary  table,  and  is  therefore  to  be  preferred.  A 
model  of  this  space  form,  a  photograph  of  which  is  shown  in  Pig.  3, 
has  been  constructed,  and  is  in  use  in  the  work  in  inorganic  chemistry 
in  the  University  of  Chicago.  The  atomic  weights  are  plotted  from  the 
top  down,  one  unit  of  atomic  weight  being  represented  by  one  centimeter, 
so  the  model  is  about  two  and  one>half  meters  high. 

Although  the  model  gives  the  relations  with  extreme  clearness,  it  is 
difficult  to  photograph  it  so  that  all  of  the  details  are  visible.  However, 
this  is  remedied  in  Pig.  i,  which  gives  a  drawing  of  the  system.  In 
order  that  the  atomic  weights  may  be  plotted  directiy,  the  drawing  has 
been  made  as  a  vertical  projection  of  the  model,  but  drawn  with  line  per- 
spective, and  the  base  is  given  in  perspective  so  that  the  table  may  be 
easily  visualized  in  space. 

The  balls  representing  the  elements  are  supposed  to  be  strung  on  vertical 
rods.  All  of  the  elements  on  one  vertical  rod  belong  to  one  ^oup,*  have 
on  the  whole  the  same  maximum  valence,  and  are  represented  by  the  same 
color.  The  group  numbers  are  given  at  the  bottom  of  the  rods.  On  the 
outer  cylinder  in  Fig.  2,  the  electro*negative  elements  are  represented 
by  black  circles  at  the  back  of  the  cylinder,  and  electro-positive  elements 
by  white  circles  on  the  front  of  the  cylinder.  The  transition  elements 
^  Stoney,  Ckem,  News,  $%  163  (1888);  and  Proc.  Roy,  Soc,,  46,  115  (1888). 
'  In  Pigs.  I  and  2  some  of  the  elements  are  represented  by  small,  and  others  by 
larger  circles.  The  small  circles  are  not  meant  to  show  any  difference  in  the  elements 
which  they  represent,  but  are  used  whenever  there  is  not  room  on  the  diagram  for  the 
larger  circles.  At  the  bottom  of  the  table  many  isotopes  are  represented,  and  each 
intersection  of  the  helix  with  a  vertical  group  rod  represents  only  one  element,  even 
where  there  are  six  circles  as  there  are  for  the  isotopes  of  lead.  While  the  six  circles 
for  lead  represent  only  one  atomic  number,  each  of  the  small  circles  on  the  rare  earth 
loop  represents  an  atomic  number  of  its  own.  The  three-eighth  group  triads,  and  the 
rare  earth  group  resemble  each  other  in  that  in  these  four  cases  the  atomic  number 
increases  while  the  group  number  remains  constant. 
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of  the  zero  and  fourth  groups  are  represented  by  circles  which  are  half 
black  and  half  white.  The  inner  loop  elements  are  intermediate  in  their 
properties.  Elements  on  the  back  of  the  inner  loop  are  shown  as  heavily 
shaded  circles,  while  those  on  the  front  are  shaded  only  slightly. 

In  order  to  understand  the  table  it  may  be  well  to  take  an  imaginary 
journey  down  the  helix  in  Fig.  2,  beginning  at  the  top.  Hydrogen 
(atomic  number  and  atomic  weight  ~  i)  stands  by  itself,  and  is  followed 
hy  the  first  inert,  zero  group,  and  zero  valent  element  helium.  Here 
there  comes  the  extremely  sharp  break  in  chemical  properties  with  the 
change  to  the  strongly  positive,  univalent  element  lithium,  followed  by 
the  somewhat  less  positive  bivalent  element,  beryllium,  and  the  third 
^oup  element  boron,  with  a  positive  valence  of  three,  and  a  weaker 
negative  valence.  At  the  extreme  right  of  the  outer  cyUnder  is  carbon, 
the  fourth  group  transition  element,  with  a  positive  valence  of  four, 
and  an  equal  negative  valence,  both  of  approximately  equal  strength. 
The  first  element  on  the  back  of  the  cylinder  is  more  negative  than  posi- 
tive, and  has  a  positive  valence  of  five,  and  a  negative  valence  of  three. 
The  negative  properties  increase  until  fluorine  is  reached  and  then  there 
is  a  sharp  break  of  properties,  with  the  change  from  the  strongly  nega- 
tive, univalent  element  fluorine,  through  the  zero  vaknt  transition  ele- 
ment neon,  to  the  strongly  positive  sodium.  Thus  in  order  arotmd  the 
outer  loqp  the  second  series  elements  are  as  follows: 

Gxoup  nmnber o  i  2  3  4  5  6  7 

Majdmum  valence o  x  a  3  4  5  6  7 

Element He  Li  Be  B  C  N  O  F 

Atomic  number 2  3  4  5  6  7  8  9 

After  these  comes  neon,  which  is  like  helium,  sodium  which  is  like 
lithitun,  etc.,  to  chlorine,  the  eighth  element  of  the  second  period.  For  the 
third  period  the  journey  is  continued,  still  on  the  outer  loop,  with  argon, 
potassium,  calcium,  scandium,  and  then  begins,  with  titanium,  to  turn 
for  the  first  time  into  the  inner  loop.  Vanadium,  chromitun,  and  man- 
ganese, which  come  next,  are  on  the  inner  loop,  and  thus  belong,  not  to 
main  but  to  sub-grou{>s.  This  is  the  first  appearance  in  the  system  of  sub- 
group elements.  Just  beyond  manganese  a  catastrophe  of  some  sort 
seems  to  take  place,  for  here  three  elements  of  one  kind,  and  therefore 
belonging  to  one  group,  are  deposited.  The  eighth  group  in  this  table 
takes  the  place  on  the  inner  loop  which  the  rare  gases  of  the  atmosphere 
fill  on  the  outer  loop.  The  eighth  group  is  thus  a  sub-group  of  the  zero 
group. 

After  the  eighth  group  elements,  which  have  here  appeared  for  the  first 
time,  come  copper,  zinc,  and  gallium;  and  with  germanium,  a  fourth 
group  element,  the  helix  returns  to  the  outer  loop.  It  then  passes  through 
arsenic,  selenium,  and  bromine,  thus  completing  the  first  long  period  of 
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i8  dements.    Following  this  there  comes  a  second  long  period,  exactly 
similar,  and  also  containing  i8  elements. 

The  relations  which  exist  may  be  shown  by  the  following  natural  classi- 
fication of  the  elements.  They  may  be  divided  into  cycles  and  periods 
as  follows: 

Tabls  I. 
Cyde  I  B  4*  elements. 

ist  short  period He  —  F    »8«2><2*  dements. 

2nd  short  period Ne  —  CI  »  8  =  2  X  2*  elements. 

Cyde  2*6*  dements. 

ist  long  period A  —  Br  «  18  «  2  X  3'  dements. 

2nd  long  period Kr  —  1  =  18  =  2X3'  dements. 

Cyde  3  «  8'  dements, 
ist  very  long  period. . .     Xe  —  Eka  - 1  «  32  «»  2  X  4'  dements. 
2nd  very  long  period. . .    Nt  —  U 

The  last  very  long  period,  and  therefore  the  last  cycle,  is  incomplete. 
It  will  be  seen,  however,  that  these  remarkable  relations  are  perfect  in 
their  regtdarity.  These  are  the  relations,  too,  which  exist  in  the  com- 
pleted system,^  and  are  not  like  many  false  numerical  systems  which  have 
been  proposed  in  the  past  where  the  supposed  relations  were  due  to  the 
counting  of  blanks  which  do  not  correspond  to  atomic  numbers.  This 
pecuUar  relationship  is  undoubtedly  connected  with  the  variations  in 
structtu'e  of  these  complex  elements,  but  their  meaning  will  not  be  ap- 
parent until  we  know  more  in  regard  to  atomic  structiure. 

The  first  cycle  of  two  short  periods  is  made  up  wholly  of  outer  loop  or 
main  group  elements.  Each  of  the  long  periods  of  the  second  cyde  is 
made  up  of  main  and  of  sub-group  elements,  and  each  period  contains 
one-eighth  group.  The  only  complete  very  long  period  is  made  up  of  main 
and  of  sub-group  elements,  contains  one-eighth  group,  and  would  be  of 
the  same  length  (i8  elements)  as  the  long  periods  if  itwerenotleng^ened 
to  32  elements  by  the  inclusion  of  the  rare  earths. 

The  first  long  period  is  introduced  into  the  system  by  the  insertion  of 
iron,  cobalt,  and  nickel,  in  its  center,  and  these  are  three  elements  whose 
atomic  numbers  increase  by  steps  of  one  while  their  valence  remains  con- 
stant. The  first  very  long  period  is  formed  in  a  similar  way  by  the  in- 
sertion of  the  rare  earths,  another  set  of  elements  whose  atomic  numbers 
increase  by  one  while  the  valence  remains  constant. 

In  this  periodic  table  the  maximum  valence  for  a  group  of  elements 
may  be  found  by  beginning  with  zero  for  the  zero  group  and  counting 

*  If  dements  of  atomic  wdghts  two  and  three  are  ever  discovered  then  the  zero 
cyde  would  contain  2*  dements,  and  period  number  one  should  then  be  said  to  begin 
with  lithium.  Such  extrapolation,  however,  is  an  uncertain  basis  for  the  prediction 
of  such  dements. 
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toward  the  front  for  positive  valence,  and  toward  the  back  for  negative 
valence. 
The  negative  valence  runs  along  the  spirals  toward  the  back  as  follows: 
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— I 

— 2 

—3 

—4 

Nc 
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CI 
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Si 

Beginning  with  helium  the  relations  of  the  maximum  theoretical  val- 
ences run  as  follows: 
Case  I.    He  —  F o,  i,  2,  3,  4,  5, 6,  7,  but  does  not  rise  to  8.    Drops  by  7  to  o. 

Ne  —  CI. .  . .     o,  I,  2, 3,  4, 5,  6,  7,  but  does  not  rise  to  8.    Drops  by  7  to  o. 
Case  2.    A  —  Mn. ...     o,  i,  2,  3,  4,  5.  6,  7,  8,  8,  8.     Drops  by  7  to  i. 

Fe,  Co,  Ni. 
Case  I.    Cu  —  Br 
Case  2.    Kr  —  Ru,  Rh,  Pd. 

In  the  third  increase,  the  group  number  and  maximum  valence  of 
the  group  rise  to  8,  three  elements  are  formed,  and  the  drop  is  again  by 
7  to  I. 

Thus  in  every  case  when  the  valence  drops  back  the  drop  in  maximum 
group  valence  is  7,  either  from  7  to  o,  or  from  8  to  i.^  This  is  another 
illustration  of  the  fact  that  the  eighth  group  is  a  sub-group  of  the  zero 
group.  The  valence  of  the  zero  group  is  zero.  According  to  Abegg 
the  contra-valence,  seemingly  not  active  in  this  case,  is  eight. 

In  Pig.  2  the  table  is  divided  into  FivB  divisions  by  four  straight 
lines  across  the  base.    These  divisions  contain  the  following  groups: 

Division 01234 

Groups 0,8     1,7     2,6     3,5     4,4 

The  two  groups  of  any  division  are  said  to  be  complementary.  It  will 
be  seen  that  the  sum  of  the  group  numbers  in  any  division  is  eqi^al  to  8, 
as  is  also  the  siun  of  the  maximum  valences.  The  algebraic  sum  of  the 
characteristic  valences  of  two  complementary  groups  is  always  zero. 
In  any  division  in  which  the  group  numbers  are  very  different,  the  chemical 
properties  of  the  elements  of  the  complementary  main  groups  are  very  differ- 
ent,  but  when  the  group  numbers  become  the  same,  the  chemical  properties 
become  very  mtich  alike.  Thus  the  greatest  difference  in  group  numbers 
occurs  in  division  8,  where  the  difference  is  8,  and  in  the  two  groups  there 
is  an  extreme  difference  in  chemical  properties,  as  there  is  also  in  division 
I  between  Groups  i  and  7.  Whenever  the  two  main  groups  of  a  division 
are  very  different  in  properties,  each  of  the  sub-groups  is  quite  different  from 

^  It  should  be  noted  that  while  in  the  change  from  the  seventh  to  the  zero  group 
the  valence  always  drops  to  zero,  in  the  change  from  the  eighth  to  the  IB  group,  there 
is  a  tendency  to  drop  only  part  way,  that  is  to  a  valence  of  3  for  gold  (or  silver),  or 
to  2  for  copper,  though  these  elements  also  show  the  valence  of  one  normal  for  the 
group,  but  by  the  time  Group  IIB  is  reached  in  zinc,  cadmium,  and  mercury,  the 
valence  comes  to  the  normal  value,  which  is  2  for  this  group. 
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its  related  main  grcmp.  Thus  copper  in  Group  IB  is  not  very  closely  re- 
lated to  potassium  group  lA  in  its  properties,  and  manganese  is  not 
very  similar  to  chlorine,  but  as  ike  group  numbers  approach  each  other 
the  main  and  sub-groups  become  much  alike.  Thus  scandium  is  quite  sim- 
ilar to  gallium  in  its  properties,  and  titanium  and  germanitun  are  very 
closely  allied  to  silicon. 

One  important  relation  is  that  on  the  outer  cylinder  the  main  groups 
I  A,  II A,  III  A,  become  less  positive  as  the  group  number  increases,  while  on 
the  inner  loop  the  positive  character  increases  from  Group  IB  to  IIB,  and 
at  the  bottom  of  the  table  the  increase  from  IIB  to  IIIB  is  considerable. 
Thus  thallium  is  much  more  positive  than  mercury.  It  has  already  been 
noted  that  in  the  case  of  the  rare  earths  also  the  usual  rule  is  inverted* 
that  is  the  basic  properties  decrease  as  the  atomic  weight  increases. 

Another  important  relation  between  the  members  of  the  main  and  the 
sub-groups  is  that  when  the  atomic  volume  of  the  elements  in  the  main 
group  is  large,  the  atomic  volume  of  the  elements  in  the  corresponding 
sub-groups  is  small,  and  as  the  atomic  volume  for  the  main  group  de- 
creases, that  for  the  sub-group  increases.  Thus,  the  zero  group  elements 
have  very  high  atomic  volumes,  while  those  for  the  corresponding  sub- 
groups (Group  VIII)  are  very  low.  The  same  is  true  of  the  potassium 
group  (high  atomic  volume)  and  the  copper  group  (low  atomic  volume). 
On  the  other  hand,  the  members  of  Groups  IVA  and  IVB  do  not  differ 
materially  in  regard  to  this  property.  The  difference  in  chemical  proper- 
ties between  main  and  sub-groups  is  just  that  which  should  result  from 
their  differences  in  atomic  volume.  From  this  standpoint  it  may  be  con- 
sidered that  the  difference  in  chemical  properties  between  the  main  and 
the  sub-group  elements  is  the  result  of  the  fact  that  the  long  periods 
for  the'cohesional  properties  (atomic  volume,  etc.)  are  twice  the  length 
of  the  series  which  condition  the  valence.  In  cyde  i  (short  periods  i 
and  2),  the  valence  and  the  cohesional  properties  have  periods  of  exactly 
the  same  length,  so  both  of  the  periods  represent  main  groups  or  outer 
cylinder  elements,  but  in  cyde  2  the  valence  passes  through  two  periods 
while  the  cohesion  (Fig.  12)  is  passing  through  one,  so  here  sub-group 
dements  appear  for  the  first  time.  While  the  cohesion  does  not  fix  the 
valence,  it  does  affect  the  chemical  affinity.  The  increase  in  the  basic 
properties  of  the  sub-group  dements  as  the  group  number  increases  from 
IB  to  IIIB,  seems  to  be  related  to  the  occinrence  of  the  secondary  mini- 
mum in  cohesion  (and  mdting  points)  which  comes  in  group  IIIB.  (See 
Fig.  8.) 

On  the  first  inner  loop  the  positive  character  of  the  metal,  as  measured 
by  the  potential  between  the  ions  of  the  dements  in  unimolar  solutions 
and  the  metal  itself,  decreases  from  manganese  to  copper,  and  then  in- 
creases very  rapidly  in  the  one  step  to  zinc,  as  is  shown  bdow  in  Table  lA. 
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Tabls  lA. — ^PosmvB  Character  of  thb  Mbtals    in   Solutions    with    Thsir 

Bivalent  Ions. 


Mn 

=  +0.798  volt 

Fe 

=  +0.122  volt 

Co 

s=  — 0.0138  volt 

Ni 

=  — 0.108  volt 

Cu 

«  — 0.606  volt 

Zn 

=  +0.493  volt 

The  Rare  Earths. 

There  are  some  questions  concerning  the  placing  of  the  rare  earth  de- 
ments which  are  of  minor  importance,  and  may  be  settled  by  each  user 
of  such  a  table  to  suit  his  own  convenience.  Thus  cerium,  following 
the  usual  custom,  has  been  put  in  the  f  otuiii  group.  This  makes  an  extra 
small  loop  in  the  table  which  could  be  avoided  by  placing  cerium  in  the 
third  group  with  the  other  rare  earths.  That  after  passing  lanthanum 
there  is  a  tendency  to  swing  into  the  fourth  group  with  cerium,  and  then 
with  praseodymitun  and  neodymium  to  swing  back  into  the  third  group, 
is  indicated  by  the  fact  that  cerium  forms  an  extremely  stable  dioxide 
(CeOs);  praseodymium  forms  a  dioxide  less  stable  than  manganese  di- 
oxide, which  is  itself  not  extremely  stable;  while  neodymium  is  said  to 
form  a  higher  oxide  only  when  mixed  with  cerium  and  praseodymium, 
or  perhaps  not  at  all;  and  samarium  forms  no  higher  oxide. 

On  the  other  hand,  the  position  of  the  rare  earths  as  a  whole  is  very 
important.  Their  valence,  the  difficulty  with  which  they  are  separated 
from  3rttrium,  and  their  chemical  reactions  clearly  indicate  that  they  shotdd 
be  related  to  the  third  group,  but  put  on  a  loop  of  their  own.  In  many 
periodic  tables,  for  example,  even  in  the  otherwise  very  good  table  given 
by  Rydberg,^  thuUtun  is  put  in  the  chlorine  family,  samarium  in  the 
eighth  group,  europium  in  the  silver  group,  etc.  The  system  presented 
here  shows  that  such  a  procediure  is  altogether  tmjustified,  for  there  are 
not  enough  rare  earths  to  go  around  the  table,  since  there  are  four  less 
than  the  required  number ^  even  when  the  one  unknown  rare  earth  is  cotmted. 
That  the  number  of  elements  in  this,  the  fifth  period,  is  taken  correctly 
as  32  can  be  seen  from  the  work  of  Moseley  upon  the  X-ray  spectra  of 
the  elements,  and  is  indicated  also  by  the  regularity  in  the  nmnerical 
relations  between  the  number  of  elements  in  the  different  periods  as  al- 
ready pointed  out  by  Table  I.  If  the  rare  earths  are  to  be  distributed 
around  the  table,  then  there  should  be  a  considerable  variation  in  their 
atomic  volumes.  Although  the  atomic  volumes  of  very  few  of  the  rare 
earths  have  been  determined,  the  data  are  available  for  the  calculation 
of  the  molecular  volumes  of  a  number  of  the  chlorides  and  oxides.  Thus 
the  molecular  voliunes  of  the  chlorides  are  as  follows: 

1  Hicks,  PhU,  Mag.,  [6]  a8, 139  (1914)- 
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LaCla •. 63.8 

CeCli 62 .9 

PrCU 60.8 

NdCli 60.6 

SmCl, 57.5 

GdCU 58.3 

TbCU ' 61 . 1 

DyCU 73.3 

In  order  to  understand  the  interpretation  of  these  molecular  volumes 
in  terms  of  the  atomic  volumes  of  the  rare  earths,  their  basic  properties 
must  be  taken  into  account.  The  order  of  the  rare  earths  in  terms  of 
their  basic  properties  is  as  follows,  where  the  most  basic  element  is  given 
&st:  Lanthanum,  praseodymium,  neod3rmium,  oerium^^,  (yttrium), 
samarium,  gadolinium,  terbium,  holmium,  erbium,  thulium,  and  ytter- 
bium. Thus,  exactly  the  opposite  of  the  usual  rule  holds,  for  in  this 
rare  earth  group  the  basic  properties  decrease  just  in  the  order  in  which 
the  atomic  weights  increase.  Cerium  is  the  only  element  which  falls 
out  of  the  regular  order,  and  it  is  the  element  which  in  the  table  (Fig.  2) 
is  classified  differently  from  the  others.  If  the  rare  earth  elements  were 
to  be  distributed  around  the  table,  then  samarium,  europium,  and  gado- 
linium would  fall  in  the  eighth  group,  and  therefore  should  have  minimum 
atomic  volumes.  That  these  are  the  elements  of  the  rare  earths  which 
do  have  minimum  atomic  volumes  is  indicated  by  the  molecular  volumes  of 
the  chlorides.  The  increase  in  the  molecular  volume  of  the  chlorides 
in  the  case  of  dysprosium  chloride  seems  to  indicate  that  there  is  a  minor 
peak  in  the  atomic  volumes  beyond  this  point.  It  would  be  interesting 
in  this  connection  to  know  the  molecular  volumes  of  ytterbium  and  lute- 
cium trichlorides,  or  much  better  of  course,  the  atomic  volumes  of  ytter- 
bium and  lutecium.  These  facts  may  be  taken  to  indicate  that  when  in 
the  formation  of  the  elements  the  57th  element,  lanthanum,  belonging  to 
the  third  group,  is  passed,  there  is  a  tendency  for  the  elements  to  form  ac- 
cording to  the  usual  rule,  that  is,  that  the  valence  shall  increase  by  steps 
of  one  and  the  atomic  volume  shall  vary  as  usual.  From  this  point  on, 
the  tendency  for  the  atomic  volumes  to  hold  to  the  regular  S3rstem  of 
variation  is  quite  likely  partly  effective.  On  the  other  hand,  the  valence 
succeeds  only  in  rising  by  one  to  four  in  the  case  of  cerium,  the  58th  ele- 
ment, and  then  only  for  a  few  of  its  compounds.  With  praseodymium 
and  neodytnium  the  valence  returns  toward  three,  and  for  samarium 
and  the  remainder  of  the  group  the  highest  valence  seems  to  be  constant 
at  three.  Such  relationships  as  these  need  not  seem  peculiar,  since  the 
valence  is  usually  supposed  to  be  due  to  only  a  few  of  the  electrons  in 
the  atom,  in  this  case  to  three  electrons,  while  the  atomic  volumes  are  im- 
doubtedly  conditioned  by  the  other  electrons  in  the  atom,  external  to 
the  nucleus,  as  well.     That  the  atomic  volumes  do  not  wholly  follow 
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the  ordinary  rule  is  shown  by  the  fact  that  the  atomic  volumes  of  samarium, 
europium,  and  gadolinium  do  not  fall  nearly  so  low  as  the  ordinary  eighth 
group  elements. 

The  exceptional  behavior  of  the  rare  earths  in  regard  to  their  basic 
properties  may  be  explained  in  somewhat  the  same  way  as  the  probable 
atomic  volume  relations.  Just  before  coming  to  the  rare  earths  the  basic 
properties  decrease  rapidly  from  caesimn,  to  barium,  and  to  lanthanum. 
This  decrease  persists  through  the  rare  earth  loop,  which  may  be  called 
a  tertiary  loop,  but  probably  the  opposing  tendency,  that  is  for  the  ele- 
ments of  any  one  mam  group  to  increase  in  basic  properties,  also  has  an 
effect,  for  the  rare  earths  do  not  decrease  in  basic  properties  with  any- 
thing like  the  rapidity  which  would  be  apparent  if  they  were  distributed 
around  the  table  in  the  order  of  the  other  dements.^  If  they  were  thus 
distributed,  either  ytterbium  or  lutecium  should  be  chemically  similar 
to  iodine,  and  that  is  not  the  case.  The  elements  on  the  outer  cylinder 
in  Table  I  may  be  said  to  be  on  primary  loops,  the  inner  loops  may  be 
designated  as  secondary,  and  the  rare  earths  as  a  tertiary  loop.  This 
tertiary  loop  connects  lanthanum  and  cerium  to  tantalum,  and  could  be 
drawn  inside  the  outer  cylinder,  but  since  the  valence  of  the  rare  earths 
is  three,  it  has  been  thought  best  to  show  them  on  the  vertical  rod  which 
represents  this  valence,  in  order  to  make  the  figure  as  simple  as  possible. 
Thus,  the  rare  earths  belong  in  a  sense  to  the  third  group,  but  bear  a  some- 
what peculiar  relationship  to  the  other  elements  of  the  group. 

Supposed  Imperfections  of  the  Periodic  System. 
A  great  deal  of  attention  has  been  given  in  papers  in  jotunals,  and  in 
books,  to  what  have  been  called  the  imperfections  in  the  periodic  system. 
Among  the  most  emphasized  of  these  has  been  the  fact  that  when  ar- 
ranged in  a  periodic  table  in  the  order  of  their  properties,  a  few  elements, 
argon,  cobalt,  and  tellurium,  are  not  in  the  strict  order  of  their  atomic 
weights.  It  has  now  been  shown  by  Moseley  that  the  elements  in  the 
periodic  system  are  not  plotted  according  to  the  order  of  their  atomic  weights, 
but  according  to  the  order  of  their  X-ray  spectra,  or  what  is  called  the  atomic 
number.  According  to  a  theory  developed  by  Rutherford,  the  atomic 
number  represents  the  number  of  positive  charges  on  the  nucleus  of  the 
atom.  If  this  is  true  the  periodic  system  shows  the  relation  be- 
tween THE  PROPERTIES  OP  THE  ELEMENTS  AND  THE  NUCLEAR  CHARGE  OP 
THE  ATOMS,  AND  THIS  IS  PRESUMABLY  EQUAL  TO  THE  NUMBER  OP  NEGATIVE 

ELECTRONS  EXTERNAL  TO  THE  NUCLEUS.  It  is  probably  the  Spacing  and 
arrangement  of  these  external  electrons  which  determines  the  chemical  properties 

*  In  this  decrease  of  basic  properties  with  increase  in  atomic  weight  inside  one 
group  the  rare  earths  act  in  the  same  way  as  the  elements  on  the  front  of  the  inner 
loop,  and  it  is  quite  possible  that  it  is  better  to  state  the  fact  thus  than  to  give  the  some- 
what involved  explanation  expressed  above. 
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and  those  physical  properties  of  the  elements  which  are  not  functions  of  the 
nuclear  mass.  When  considered  in  this  way  it  is  apparent  that  there  remain 
no  imperfections  in  the  system  to  be  explained,  for  it  is  not  necessary 
that  the  mass  of  the  atom  shall  vary  just  as  the  nuclear  charge.  Neither 
is  it  to  be  supposed  that  all  of  the  properties  of  the  atoms  should  vary 
according  to  the  same  function  of  this  charge. 

Explanation  of  Regularities  and  Irregularities  in  the.  Atomic  Weight 

Relations. 

In  a  recent  series  of  papers^  Harkins  and  Wilson  have  presented  a  theory 
in  regard  to  the  formation  of  complex  from  simple  atoms,  which  may  be 
used  to  explain  some  of  the  remarkable  relations  in  the  atomic  weights, 
such  as  exist  in  one  of  the  triads  of  Dobereiner. 

At.  wt.  Difference. 

Lithium 6.94 

16.06 
Sodium 23 .00 

16.10 
Potassium 39 .  10 

In  addition  to  the  occurrence  of  the  difference  16  in  this  triad 
it  is  fotmd  that  the  atomic  weights  of  six  of  the  eight  elements  of 
the  third  series  may  be  found  by  adding  16  to  the  atomic  weights  of 
the  elements  just  above  them.  Between  Series  3  and  4,  two  of  the 
differences  are  again  16,  and  five  amount  to  20.  The  greatest  common 
divisor  of  these  numbers  is  4,  and  this  is  assumed  to  mean  that  in  general 
the  differences  in  mass  between  the  atoms  of  any  one  group  in  the  periodic 
table  are  due  to  differences  in  the  number  of  helium  atoms,  of  mass  4, 
which  have  been  used  up  in  their  formation.  The  proof  of  this  system 
can  not  be  given  here,  but  can  be  found  in  the  papers  to  which  reference 
has  been  made. 

The  explanation  of  these  regularities  is  made  more  apparent  by  Table  II. 

The  explanation  for  the  irregularities  in  the  atomic  weights  may  be  il- 
lustrated by  citing  the  case  of  argon,  which  has  an  atomic  weight  greater 
than  potassiiun,  which  comes  just  after  it.  This  irregularity  is  due  to 
the  tendency  for  the  atoms  as  they  grow  larger  to  take  on  helium  units 
more  rapidly.  If  argon  followed  the  rul©i,of  aggregation  as  followed  in 
Series  2,  its  mass  would  be  36,  but  the  tenuency  to  take  on  helium  atoms 
more  rapidly  characterizes  Series  4.  The  elements  of  the  third  series 
are  formed  from  those  of  the  second  by  the  addition  of  four  heUum  tmits, 
but  this  difference  grows  to  five  helitun  units  between  Series  3  and  4. 
Thus  from  neon  to  argon  is  5  helium  units  or  20,  and  20  +  20  gives  40, 
the  atomic  weight  of  argon.  Only  in  the  cases  of  potassium  and  calcium 
does  the  increment  between  the  series  fall  back  to  that  between  the  sec- 

1  This  Journai,.  37,  1367-96  (1915);  Phil.  Mag.,  30,  723-34  (1915)- 
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Tablb  II. — ^A  Periodic  System  Refkesenting  in  Gsneral  the  System  Accord- 
ing TO  WHICH  THE  ElEMSMTS  HaVE  BEEN  BuILT  Up 

FROM  Hydrogen  and  Helium. 
H  dctd.  —  1.0078. 

Gronp.  0.  1.  2.  3.        *   4.  5.  6.  7.  8. 

Series  2.  HeUBe  BCNO  P 

He       He+Hs.    2He+H.  2He+Ht.  3He.  3He+2H.    4He.     4He+Hs. 

Calc »>H4  7  9  II  12  14.  16  19 

Detd 4  6.94      9.1       II         12         14.01     16  19 

Series  3.  Ne  Nft  Mg  Al  Si  P  S  Q 

3He.     5He+Ht.     6He.      6He+Ha.  7He.  7He+H«.    8He.     8He+Ht. 

Calc 20         23         24         27        28        31  32         35 

Detd 20         23  24.3      27.1     28.3    31.02    32.07    35.46 

Stties  4.  A  KCftScTIVCr  Mn  Pe  Co 

lOHe.  9He+Hi.    lOHe.        llHe.    12He.  12He+H9.   13He.  13He+Hs.   13He.  14He+Hs. 

Cak 40  39  40  44        48        51  52  55  56  59 

Detd 39.83     39-1       4007     44  i     48.  i     5i  52  5493     55-84    58.97 

Increment  from  Series  2  to  Series  3=4  He. 

Increment  from  Series  3  to  Series  4  «>  5  He.     (For  K  and  Ca  *  4  He.) 

Increment  from  Series  4  to  Series  5  «>  6  He. 

ond  and  third  series,  that  is  to  4  times  4  or  16.  In  other  words,  potas- 
situn  has  the  atomic  weight  which  it  shotdd  have  according  to  the  nile 
that  the  atomic  weight  increases  four  imits  for  each  increase  of  two  in 
the  atomic  number.  Argon  has  a  weight  four  more  than  this,  due  to  the 
taking  on  of  one  too  many  helium  units,  which,  however,  is  what  all  of 
the  fourth  series  elements  do  except  potassitmi  and  calcium. 

The  Radioactive  Elements. 

The  periodic  table  presented  in  this  paper  is  admirably  adapted  to  show 
the  relations  existing  between  the  radioactive  elements  as  expressed  by 
the  rule  of  Soddy  and  Fajans.'  These  relations  are  expressed  on  the  space 
model  (Pig.  3),  and  better  still,  on  a  space  model  on  which  the  vertical 
scale  is  made  much  greater,  for  example,  four  centimeters  to  one  unit 
of  atomic  weight.  Fig.  4  gives  an  enlarged  view  of  the  bottom  part 
of  the  table  shown  in  Fig.  3,  and  shows  the  elements  from  tantalum  to 
uranium.  In  this  figure  the  elements  derived  from  thorium  by  disintegra- 
tion are  designated  by  rectangles,  and  the  members  of  the  radium  series, 
by  sections  or  circles.  The  actinium  series^  has  not  been  included,  since 
the  atomic  weights  are  not  known,  but  they  can  easily  be  added  as  soon 
as  the  atomic  weight  of  actinhlm  is  determined.  This  series  has  been  in- 
cluded in  Fig.  5  but  the  scheme  is  doubtful  so  far  as  the  actinium 
series  is  concerned. 

Uranium  (atomic  weight  238.2),  the  parent  of  the  members  of  the 
radium  series,  belongs  to  Group  VIB  on  the  back  of  the  inner  loop.  It 
shoots  off  an  alpha  particle  (the  doubly  positively  charged  nucleus  of  a 
helium  atom)  and  changes  into  uranium  Xi  (at.  wt.  234. 2),  which  belongs 
to  Group  IVA.    This  gives  off  a  beta  particle  and  changes  into  lu-anium 
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Fig.  4. — Periodic  system  showing  the  radiocurtive  elements  of  the  thorium  and  radium 

series. 


Digitized  by  VjOOQIC 


1 84 


WILLIAM  D.  HARKINS  AND  R.   IS.  HALL. 


Digitized  by 


Google 


THB  PBiaODIC  SYSTQM  AND  PROPSRTIK  OF  BI.SMBNTS. 


185 


Xs  (Group  VB)  without  a  change  of  atomic  weight.  A  second  beta  change 
converts  uranium  X2  into  uraniums,  isotopic  with  uranium  and  with  an 
atomic  weight  four  less.    This  is  converted  into  ionium  by  an  alpha 

TaBLK  III. — PSRIODS  OP  THE  RaDIOACTIVB  BuSMSMTS,  WfTH  ISOTOPSS  CLASSED 

TOGBTQBR. 


At. 

Name  of 

Atomic 

No.    Isotopes  of 

isotope. 

weight.  Ray. 

Period. 

93    Uranium 

Uraniumi 

234.2 

a 

2  million  years 

Uranium 

238.2 

a 

5  biUion  years       J 

91    Uraiiiiim  X» 

UramumXt 

234.2 

fi 

1 .  15  minutes        | 

90    Thoniun 

Radiothorium 

228.2 

a 

2 .02  years 

Ionium 

230.2 

a 

200,000  years 

232.2 

a 

18  billion  years 

Uranium  Xi 

234.2 

a 

24.6  days 

Radioactinium 

. . . 

a,/8 

19.5  days 

Uranium  Y 

1.5  days 

^    Actinitmi 

Meso-thorium  2 
Actimum 

228.2 

P 

6.2  hours 

i 

00    Awnuni 

Thorium  X 

224.2 

a 

3.64  days 

226.2 

a 

1730  years 

Meso-thorium  i 

298.2 

a 

5.5  years 

Actinium  X 

.  .  . 

. . . 

II. 4  days 

«7    (Unknown) 

S6   Nitcm 

Thorium  emanation 

220 

a 

54  seconds 

222 

a 

3.85  days 

Actinium  emanation 

a 

3.9  seconds 

S5   Unknown 

M   Polonium 

Radium  P 

210 

a 

136  days 

Thorium  C 

212 

a 

io~"  seconds 

Radium  C 

314 

a 

Thorium  A 

2Z6 

a 

0.14  second 

Radium  A 

218 

a 

3  minutes 

Actinium  A 

a 

0.002  second 

Si    Thallium 

Thorium  D 

208 

fi 

3 . 1  minutes          ) 

Radium  d 

210 

/5 

1 . 4  minutes 

Actmium  D 

fi 

4.71  minutes 

Bismuth 

208 

Extremely  long 

^3   JBisoniui 

210 

fi 

5  days 

Thorium  C 

212 

a.fi 

60  minutes 

Raditun  C 

214 

«.P 

19.5  minutes 

Actinium  C 

a 

2 .  15  minutes 

Z2   lead 

Lead  from  Ra 

206 

•  ■ . 

Extremely  long 

Lead  from  Th 

208 

•  > . 

Extremely  long 

Radium  D 

210 

fi 

16.5  years 

Thorium  B 

212 

fi 

10.6  hours 

Radium  B 

214 

fi 

26.7  minutes 

Actinium  B 

fi 

36 . 1  minutes 

10 


Lead  from  secondary  branch  of  radium  series 
Lead  from  secondary  branch  of  actinium  series 
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change,  and  this  in  turn  changes  into  radium  by  another  alpha  transforma- 
tion. These  changes,  and  the  others  until  the  disintegration  ends  with 
lead  from  radium  (Pb  Ra)',  can  be  easily  traced  by  following  the  lines 
in  the  table.  In  each  loss  of  an  alpha  particle  the  atomic  weight  de- 
creases by  approximately  four,  and  the  valence  and  group  number  both 
decrease  by  two.  Each  loss  of  a  beta  particle  increases  the  valence  and 
group  number  by  one,  but  causes  no  change  of  atomic  weight. 

The  half -period  of  a  radioactive  element  is  the  time  in  which  one-half 
of  the  element  would  disintegrate.  The  half -periods  of  each  set  of  isotopes 
are  given  in  Table  III. 

The  table  giving  the  periods  of  the  radioactive  elements  shows  that  the 
period  for  any  one  isotope  varies  with  the  atomic  weight  in  some  regular 
way.  It  is  difficult  to  make  any  comparison  in  this  sense  which  includes 
the  members  of  the  actinium  series,  since  their  atomic  weights  are  un- 
known. In  the  case  of  the  isotopes  of  thorium,  thorium  itself  has  the 
longest  period,  and  thus  decreases  in  each  direction  as  the  atomic  weight 
decreases  or  increases.  The  periods  of  the  isotopes  of  lead  decrease  as 
the  atomic  weight  increases,  and  the  same  is  true  of  the  periods  of  bis- 
muth and  its  isotopes.  However,  in  the  case  of  the  isotopes  of  polonitmi 
(Raditun  P),  Thorium  C  has  the  minimum  period,  and  the  period  in- 
creases on  each  side  as  the  atomic  weight  either  increases  or  decreases. 

The  Nature  of  Isotopes. 

It  is  now  known,  ^  as  has  already  been  pointed  out,  that  a  single  ele- 
ment, with  a  single  atomic  number,  may  consist  of  several  different  kinds 
of  atoms,  which  are  alike  in  that  they  seem  to  have  the  same  nuclear 
charge,  and  therefore  presumably,  the  same  number  of  external  nega- 
tive electrons.  Isotopes  seem  to  be  identical  chemically,  and  so  far  as 
is  known  they  give  identically  the  same  spectrum,  but  they  may  or  may 
not  differ  in  certain  physical  properties,  such  as  the  melting  points.  Thus 
neon  and  meta-neon,  which  differ  in  atomic  weight  by  two,  were  separated 
by  diffusion.  On  the  other  hand,  Soddy  finds  that  lead  from  thorium  and 
ordinary  lead  have  the  same  atomic  volume,  that  is,  the  lead  obtained 
from  thorium  minerals  is  denser  than  ordinary  lead  in  the  ratio  of  the 
atomic  weights.  Richards'  has  found  that  the  lead  from  radium  is  also 
different  in  density  from  ordinary  lead.  Such  isotopes  as  these  differ 
in  those  properties  which  are  functions  of  the  mass  of  the  particle, 
and  they  may  be  called  isotopes  of  the  first  class.  A  second  kind  of  iso- 
topism  is  that  in  which  there  is  no  difference  in  mass  except  that  due 
to  a  difference  in  the  packing  effect.  Thus  Radium  D  and  the  end  num- 
ber of  the  secondary  radium  disintegration  series,  which  is  as  yet  un- 
named, have  the  same  atomic  weight  except  for  the  very  sUght  difference 

^  Le  Radium,  zo,  171. 

•  This  Journai,,  38,  221  (1916). 
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in  mass  due  to  a  difference  in  the  internal  energy  of  the  atoms,  and  this 
difference  is  so  slight  as  to  be  experimentally  undetectable,  so  these  may 
be  called  isotopes  of  equal  mass.  Also,  Hiough  the  atomic  weight  of 
actinium  has  not  been  determined  as  yet,  enough  is  known  of  its  disin- 
tegration series  so  that  it  is  practically  certain  that  a  number  of  actin- 
ium derivatives  show  this  form  of  isotopism  with  members  of  the  radium 
series.  Thus  if  we  assume  that  the  atomic  weight  of  actinium  is  230, 
then  radio-actinium  and  ionitun  which  are  isotopic  must  both  have  atomic 
weights  of  230,  but  the  latter  has  a  half -period  of  200,000  years,  and  the 
former  of  only  19.5  days,  so  there  is  a  very  great  difference  in  stability. 
Cven  if  the  atomic  weight  of  actinium  is  different,  it  will  be  seen  from 
Fig.  5  that  some  of  the  other  members  of  the  two  series  must  show 
this  form  of  isotopism. 

Isotopes  of  approximately  equal  atomic  mass  are  derived  from  the  same 
ancestral  atom,  that  is  from  either  uranium  or  thorium,  for  no  thorium 
disintegration  product  is  known  which  has  the  same  mass  as  a  uranium 
disintegration  product  In  the  formation  of  isotopes  of  this  class,  differ- 
ent amounts  of  energy  seem  to  be  given  out,  so  they  must  differ  in  internal 
energy,  and  to  a  greater  or  lesser  extent  in  stability.  It  does  not  seem 
improbable  that  this  difference  may  be  due  to  the  expulsion  in  the  differ- 
ent cases  of  alpha  and  beta  particles  which  lie  in  structturally  different 
positions  in  the  nucleus. 

The  Nuclei  of  Complex  Atoms. 

According  to  the  above  views,  and  those  advanced  by  Harkins  and 
Wilson  in  the  first  four  papers  of  this  series,  which  advanced  the  theory 
that  the  nuclei  of  complex  atoms  are  built  up  from  hydrogen  and  helium 
nuclei  according  to  the  system  presented  in  Table  II,  it  may  be  assumed, 
that  the  cheiftical  natiu^  of  the  atom  is  independent  of  the  numbtf .  of 
particles  present  in  the  nucleus  of  the  atom,  and  therefore  of  the  mass 
of  the  £itom,  and  is  also  independent  of  the  structture  of  the  nucleus,  so 
long  as  the  structure  does  not  affect  the  nuclear  charge.  The  chemical 
properties  of  the  atom  are,  according  to  this  view,  dependent  wholly 
upon  the  nuclear  charge.  When  the  complex  nucleus  is  built  up  from 
only  a  few  hydrogen  and  helium  nuclei,  there  are  not  many  stable  ar- 
rangements which  give  a  single  nuclear  charge,  but  when  the  nuclei  are 
very  complex,  the  possible  number  of  more  or  less  stable  structures  should 
be  considerably  increased.  Therefore  it  is  to  be  expected,  as  was  found 
by  Harkins  and  Wilson,  that  the  atomic  weights  of  the  lighter  elements 
should  follow  some  regular  system  with  only  small  deviations,  but  that 
these  deviations  should  become  much  more*  considerable  in  the  case  of 
the  more  complex  heavier  elements.  In  other  words,  isotopes  should  be 
found  much  more  abtmdantly  among  the  heavy  than  among  the  Ught 
elements.    The  fact  that  the  isotopes  of  any  two  different  series  differ 
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in  atomic  weight  by  about  two  units,  suggests  that  the  difference  is  caused 
by  the  presence  of  two  hydrogen  atoms  in  one  set  of  atoms,  and  their  ab- 
sence from  the  other.  As  examples  it  may  be  remembered  that  neon 
and  meta-neon  are  supposed  to  dffier  in  atomic  weight  by  two  tmits,  and 
within  the  accuracy  to  which  the  atomic  weight  of  thorium  has  been  de- 
termined, there  is  the  same  difference  between  two  adjacent  isotopes  of 
the  thorium  and  the  uranium  series. 

A  Plane  or  Spiral  Form  of  the  Periodic  Table. 

The  periodic  table  presented  in  this  paper  is  a  space  form,  though  it 
is  easily  represented  on  a  plane  as  in  Fig.  2.  The  space  form  may, 
however,  be  easily  converted  into  a  plane  diagram  by  plotting  the  atomic 
weights  radially  from  a  point  in  a  plane.  This  gives  the  table  represented 
in  Fig.  6.  While  this  spiral  form  of  table  does  not  seem  to  the  writers 
to  be  so  well  adapted  to  general  use  as  the  space  form,  it  does  show  ex- 
actly the  same  relations  between  all  of  the  chemical  and  physical  proper- 
ties of  the  elements.*  This  table  is  diflferent,  too,  from  other  spiral  tables, 
for  none  of  the  earlier  tables  have  been  so  constructed  as  to  classify  the 
elements  correctly.  Thus,  for  example,  the  spiral  table  given  in  Erd- 
mann's  chemistry  classifies  Ne,  Ni,  Rh,  and  Ir,  in  one  group,  Na,  Cu, 
Ag,  Gd,  and  Au  in  another,  and  Li,  K,  Rb,  Cs,  leaving  out  Na,  in  a  third. 
These  are  obviously  improper  classifications.  The  error  in  all  previous 
spiral  tables  has  been  due  to  a  failure  in  plotting  to  distinguish  between 
the  long  and  the  short  periods.  In  Fig.  7  the  short-period  elements 
occur  only  above  the  median  line,  while  the  long  periods  make  a  contin- 
uous line  both  above  and  below. 

It  is  interesting  to  note  that  around  the  long  periods  the  group  num- 
bers run  o,  lA,  2A,  3A,  4A,  5B,  6B,  7B,  8,  iB,  2B,  3B,  4B,  5A,  6A,  7A,  o, 
which  is  exactly  the  ofxler  in  the  tables  presented  in  Figs.  2  and  4. 
Table  7  is  the  first  spiral  table  to  give  the  chemical  relations  correctly. 

The  Relation  between  the  New  Form  of  the  Periodic  Table  and  the 

other  Modifications. 
In  his  book  entitled  "New  Ideas  on  Inorganic  Chemistry,"  Werner,* 
in  discussing  the  periodic  system,  says: 

" . . . .  up  to  the  present  the  satisfactory  grouping  of  the  iron  group  and  the  rare 
earths  appears  to  be  almost  impossible.  Most  of  these  difficulties  are  not  difficulties 
of  principle,  f.  e.,  they  are  not  to  be  referred  to  the  nature  of  the  metal  in  question, 
but  rather  to  the  particular  arrangement  adopted  to  illustrate  the  periodic  occurrence 
of  chemically  allied  elements. 

"The  principle  chosen  by  Mendel^eff,  of  bringing  analogous  elements  as  near  as 
possible  together  in  order  to  bring  out  the  less  evident  similarities  which  exist  between 
such  elements,  has  been  followed  by  his  successors.    This  process  has  led  to  a  crowding 

*  Except  that  it  does  not  show  so  well  the  relations  between  what  have  been  called 
complementary  groups. 

*  English  edition,  Longmans,  19x1,  p.  4. 
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Pig.  6. — ^A  spiral  form  of  the  periodic  table. 
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together  (Ineinanderschaclitelimg}  of  the  elements  which  is  harmful  to  the  synoptical 
character  of  the  periodic  system,  and  this  is  especially  true  when  we  consider  only  the 
less  important  analogies:  the  result  of  equal  valencies.  This  compression  of  the  ele- 
ments into  the  least  possible  space  is  the  chief  cause  of  many  elements  not  finding  a 
suitable  position  in  Mendel^ff 's  scheme.  This  remark  is  particularly  applicable  to  the 
eighth  group,  and  to  the  metals  of  the  rare  earths." 

However,  in  finding  a  remedy  for  the  defects  which  he  discusses,  Werner 
goes  to  the  opposite  extreme,  and  places  the  elements  in  such  a  way  that 
many  important  analogies  become  obscured.  By  placing  the  elements 
farther  apart  on  the  helix,  but  close  together  in  space,  the  new  table  is 
able  to  combine  all  of  the  advantages,  and  to  eliminate  the  disadvantages 
of  such  widely  different  forms.  The  relation  between  these  different 
tables  is  discussed  below. 

If,  in  Figs.  I,  2,  or  3,  the  lines  of  the  helix  are  cut  between  the  seventh 
and  the  zero  groups,  and  between  the  eighth  and  the  iB  groups,  the  table 
when  spread  out  on  a  plane  becomes  much  like  that  of  Mendel^eff ,  except 
that  there  are  no  blanks  except  those  which  correspond  to  atomic  numbers, 
that  the  rare  earths  are  arranged  differently,  and  that  the  drawing  would 
still  show  the  distinction  between  the  main  and  the  sub-groups.  How- 
ever, if  all  of  the  connecting  lines  are  taken  out,  the  table  becomes  es- 
sentially that  of  Mendelfeff.  If  the  helix  is  cut  only  between  the  seventh 
and  the  zero  groups,  unrolled,  and  laid  on  a  plane,  it  takes  on  the  general 
fofm  of  the  Carnelley-Richards  table,  ^  whidi  is  probably  the  best  of  all 
of  the  plane  tables  except  that  of  Mendel^eff .  If  the  helix  is  cut  between 
carbon  and  nitrogen,  between  silicon  and  phosphorus,  and  between  the 
seventh  and  the  zero  groups,  and  again  spread  on  a  plane,  it  gives  the  form 
attributed  to  Meyer,  to  Palmer,  and  to  StaigmiUler.*  The  essential  ad- 
vantage claimed  by  Staigmfiller  is  that  in  his  table  a  line  separating  the 
non-metals  and  the  metals  may  be  easily  drawn,  and  that  the  non-metals 
fall  into  one  group  in  the  table.  The  elements  which  he  classifies  as  non- 
metals  are  B,  C  and  Si,  N,  P  (and  partially  As) ;  O,  S,  Se  (and  partly  Te) ; 
P,  CI,  Br,  and  I;  and  also  He,  Ne,  A,  Ki*,  and  Xe.  If  this  is  an  advantage 
of  the  Staigmtiller  table,  it  is  much  more  an  advantage  of  the  new  space 
form  here  presented,  as  in  our  table  the  non-metals  are  much  more 
closely  grouped,  as  they  lie  entirely  in  one  group  on  the  outer  cylinder, 
and  all  except  B,  C  and  Si,  Ue  at  the  back. 

Werner's  table,'  except  for  the  arrangement  of  the  rare  earths,  may  be 
obtained  by  cutting  the  helix  so  that  the  elements  in  each  of  the  following 
pairs  of  elements  become  separated:  Li  and  Be,  Na  and  Mg,  Ca  and  Sc, 
Sr  and  Y.  It  should  also  be  cut  between  the  o  and  lA  groups,  and  then 
spread  out  on  a  plane.    The  transformation  into  the  form  devised  by 

1  Chem.  News,  78,  193-5  (1898). 

*  Nemst's  "Theoretische  Chemie,"  Siehente  Auflage,  p.  184. 

» Ibid.,  p.  185. 
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Walker^  is  also  a  simple  one,  since  the  spiral  needs  only  to  be  cut  between 
the  seventh  and  zero  groups,  and  the  vertical  rods  severed  between  K 
and  Rb,  between  Ca  and  Sr,  Sc  and  Y,  Si  and  Ti,  P  and  V,  S  and  Cr,  and 
between  CI  and  Mn. 

As  has  already  been  seen,  the  new  table  may  be  represented  00  a  plane 
as  a  spiral,  or  in  space  as  a  figure  8.  The  use  of  a  figure  8  space  form  of 
table  was  first  suggested  by  Crookes,^  but  the  arrangement  of  the 
elements  in  his  table  was  very  different.  The  use  of  a  figure  8  dia- 
gram has  been  advocated  by  Soddy,'  who  gives  the  best  table  previously 
devised  but  such  a  representation  obscures  both  what  have  been  called 
the  complementary  relations  and  the  relations  between  the  main  and  the 
sub-groups. 

While  in  the  development  of  the  pmodic  table  in  space  as  presented 
in  this  paper,  no  use  was  made  of  any  previously  devised  sy9tem  except 
that  of  Mendel^eff,  it  will  be  seen  that  it  is  a  generalized  form,  of  which 
the  Mendel^effy  Camelley-Richards,  Werner,  Staigmiiller,  and  other  modi- 
fications, are  special  case3,  each  of  which  expresses  certain  relatioas  well, 
but  others  poorly  or  not  at  all.  The  space  form  eliminates  the  disadvan- 
tages of  the  different  plane  tables,  and  at  the  same  time  combines  their 
advantages.  That  at  first  sight  it  seems  more  complex  than  the  Mendel- 
£eff  table  is  due  to  the  fact  that  it  dassifies  all  of  the  elements,  but  it  is 
actually  more  simple,  since  it  contains  no  blanks  except  the  five  which 
correspond  to  atomic  numbers.  Experience  has  shown  that  student3 
who  have  no  previous  knowledge  of  the  Mendel^eff  table  find  the  space 
form  the  more  simple,  at  least  when  they  have  the  model  to  use  in  their 
study. 

COHESIONAL  PROPERTIES. 

Atomic  Volumes,  Melting  Points,  and  Related  Properties. 

In  Fig.  I  the  elements  of  highest  atomic  volume  lie  at  the  left  of  the 
outer  loop,  while  the  elements  of  lowest  atomic  volume  lie  at  its  right 
(carbon,  silicon  and  aluminium)  as  long  as  the  outer  loop  persists  at  the  ex- 
treme  right,  and  when  the  outer  loop  disappears  at  this  extrenuty,  the  line 
of  lowest  atomic  volume  jumps  over  to  the  left  end  of  the  inner  loop.  To 
show  these  atomic  volume  relations  somewhat  more  simply  the  table  has 
been  drawn  in  the  form  given  in  Fig.  7.  From  the  standpoint  of  the  chemical 
relations  this  latter  table  is  much  less  perfect  than  the  former,  but  it  has 
the  one  advantage  that  the  elements  of  high  atomic  volume  are  at  the  left 
of  the  table,  and  those  of  low  atomic  volume  are  at  the  right,  so  if  this 
table  is  hung  with  its  left  side  as  the  top,  the  loops  take  the  general  form  of 

^  Chem.  News,  63,  251-3  (1891). 

*Ibid„  78,  25  (1898);  Proc,  Roy.  Soc.,  63,  408-11  (1898);  and  Z«  anarg.  Chem., 
18,  72-6  (1898). 

•  Chemistry  of  the  Radioactive  Elements/'  Part  II,  p.  11. 
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Fig.  7. — Periodic  table  modified  so  as  to  show  the  atomic  volume  relations  in  a  simple  way. 
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the  atomic  volume  curve. ^  Fig  7  has  the  great  disadvantage  that  it  does 
not  show  the  relations  which  exist  between  the  main  and  the  sub-groups. 
It  is  formed  from  the  table  in  Fig.  2  by  turning  each  inner  loop  on  a 
horizontal  axis  from  front  to  back  at  its  right  ends  until  it  falls  outside 
to  the  right.  The  atomic  volumes  of  the  elements  have  been  plotted 
against  their  atomic  numbers  in  Fig.  8.  A  comparison  of  Figs,  i,  2, 
7  and  8  will  show  how  simply  the  present  form  of  table  expresses  the 
atomic  volume  relations. 

The  elements  of  lowest  melting  point  lie  at  the  left  of  the  table  (Figs. 
I,  2,  and  7).    The  absolute  melting  points  for  these  elements  are: 

Hydrogen 14* 

Helium a* 

Neon 20* 

Argon , 85* 

Ejypton 104* 

Xenon 133* 

Niton 202* 

The  line'  of  highest  melting  points  begins  exactly  opposite  at  the  right 
of  the  outer  loop  with  carbon,  melting  point  about  3900^  absolute,  and 
silicon,  1693^.  These  are  the  elements  of  lowest  atomic  volume  except  for 
the  fact  that  the  atomic  volume  of  aluminium  is  slightly  less  than  that  of 
silicon.  It  might  seem  that  the  line  of  maximum  melting  point  would  here 
jump  at  once  to  the  elements  of  lowest  atomic  volume  in  the  next  series,  that 
IS.  to  the  iron  group.  Instead  of  doing  this,  however,  it  passes  to  titanium 
(m.  p.  2060^  Abs.),  and  then  still  further  toward  the  eighth  group,  but 
readies  only  to  Group  VIB,  and  passes  straight  down  through  molyb- 
denum (2800^),  tungsten  (3300^),  and  uranium.  The  tendency  toward 
the  shift  of  the  maximum  melting  point  from  the  f otuth  group  to  Group 
VIB  is  already  seen  in  the  elements  titanitun  and  vanadium.  Thus  the 
difference  between  the  melting  points  of  carbon  (4th  group)  and  the  adja- 
cent element  in  the  fifth  group,  nitrogen,  is  3800^.  Between  siUcon  and 
phosphorus  the  corresponding  drop  is  1400^.  Just  below  this  the  drop 
from  titanium  (4th  group)  to  vanadium  (Group  VB)  is  only  70®.  This 
enormous  decrease  in  the  fall  between  the  f otuth  and  fifth  groups,  clearly 
predicts  a  reversal  in  the  next  series,  where  zirconium  (4th  group)  has  a 
melting  point  of  about  2000^  absolute.  Columbium  (niobium,  5th  group) 
melts  at  2500^,  and  molybdenum  (Group  VIB)  melts  at  about  2800^. 

^  If  the  loops  at  right,  representing  the  sub-groups,  are  untwisted,  this  table  takes 
on  the  form  advocated  by  Emerson  in  his  "Helix  Chemica/'  Am,  Chem.  J,,  45,  160-210 
(191 1 ),  except  that  the  new  table  classifies  the  rare  earths  in  a  different  way.  While  this 
is  also  a  useful  form  of  the  table,  it  has  not  been  thought  necessary  to  include  a 
figure  showing  it,  since  it  is  easy  to  see  how  Emerson's  table  can  be  modified  so  as  to 
classify  the  rare  earths  correctly. 

*  PcHT  the  lines  of  mairimum  melting  points,  and  the  lines  of  primary  and  secondary 
se  Pig.  9. 
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The  uoknown  element  eka-manganese  2  may  prove  to  have  a  higher 
melting  point  than  txmgsten.  The  drop  in  melting  point  between  car- 
bon, atomic  number  6,  and  nitrogen,  atomic  ntmoiber  7,  is  the  most  re- 
markable sharp  change  in  the  whole  system,  amotmting  as  it  does  to  more 
than  3800°.  It  will  be  shown  later  that  the  relations  of  the  physical 
properties  of  carbon  to  those  of  the  other  elements,  are  remarkable  in 
many  other  respects. 

In  addition  to  the  Une  of. minimum  melting  points,  which  lies  in  the 
zero  group,  there  is  a  line  of  secondary  minima,  possibly  beginning  with 
aluminium,  with  a  very  slight  minimum.  The  next  element  in  the  third 
group  below  this  is  scandium,  and  tmforttmately  its  melting  point  is  not 
known.  Below  this  in  Group  III  A  there  is  a  very  considerable  minimum 
beginning  with  gallium  (at.  no.  31)  of  absolute  melting  point  303'',  while 
just  before  it  zinc  (at.  no.  30)  has  a  melting  point  of  692  ^,  and  just  after 
it  comes  germanium  (at.  no.  32)  with  a  melting  point  of  1231^.  Below 
gaUium  the  minimum  continues  in  the  same  group,  IIIB,  with  indium 
(m.  p.  480°),  and  then  shifts  to  the  left  (Fig.  9)  toward  the  iron  group, 
so  that  the  next  minimum  comes  in  Group  IIB  with  mercury.  Here  it  is 
remarkable  that  the  secondary  minimum  where  mercury  melts  at  234** 
absolute,  is  almost  as  low  as  the  corresponding  primary  minimum  at 
niton,  which  melts  at  202®,  or  only  32®  lower.  It  wiU  be  seen  that  the 
line  of  maximum  melting  points  at  the  back  of  the  inner  loop,  and  the 
line  of  secondary  minima  at  the  front  of  the  inner  loop,  both  move  to  the 
left  toward  the  iron  group  as  they  move  down  the  table.  In  Fig.  8 
the  melting  points  have  been  plotted  as  reciprocals,  and  these  secondary 
minima  may  be  seen  as  secondary  maxima  on  the  curve. 

Fig.  8  is  similar  to  a  figure  given  by  Richards,^  but  differs  in  the 
fact  that  it  is  plotted  to  atomic  numbers  instead  of  atomic  weights,  and 
also  gives  data  for  some  of  the  properties  of  as  many  as  72  elements, 
while  Richards'  figure  shows  only  38.  The  increase  in  the  number  of 
data  changes  not  only  the  form  of  individual  curves,  but  it  also  changes 
their  relationship  to  each  other.  When  so  many  data  are  plotted,  there 
is  a  considerable  advantage  in  plotting  to  atomic  numbers  instead  of 
atonuc  weights,  since  when  the  atomic  weights  are  plotted^  each  curve 
is  apt  to  cross  itself  whenever  the  atomic  weights  are  not  in  the  order 
of  the  atomic  numbers,  as  is  the  case  with  argon.  Another  point  in  favor 
of  plotting  these  physical  properties  according  to  the  atomic  numbers 
instead  of  atomic  weights,  is,  as  will  be  shown  later,  that  it  is  the  number 
of  external  dectrons  in  the  atom,  and  the  ntunber  of  these  runs  in 
the  same  order  as  the  atomic  ntunbers,  which,  in  all  probability,  deter- 
mines the  cohesional  properties  of  the  elements.  Moseley's  work 
seems  to  indicate  that  the  atomic  number  and  the  nuclear  charge,  pre- 
1  This  Journal,  37,  1649  (1915). 
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somably  equal  to  the  number  of  external  electrons,  are  expressed  by  the 
same  number. 

The  data  on  compressibility  given  in  Table  IV,  and  plotted  in  Pig.  8, 
have  been  taken  from  Richards'  work,  and  the  other  data  were  obtained 
from  what  seemed  to  be  the  most  reliable  sources,  though  in  many  cases 
there  is  considerable  doubt  as  to  which  work  is  the  most  trustworthy. 
A  few  of  the  data  plotted  have  been  taken  from  work  on  liquids,  but  wher- 
ever this  is  done  the  fact  is  specified  in  Table  IV.  A  dotted  line  in  the 
figure  indicates  that  data  are  not  available  for  the  elements  along  the  line» 
while  an  unbroken  line  shows  that  no  data  have  been  omitted. 

The  four  curves  representing  the  reciprocals  of  absolute  melting  points, 
coefficients  of  expansion,  atomic  volumes,  and  compressibiUties,  have  all 
the  same  form,  though  they  are  not  so  closely  similar  as  those  plotted  by 
Richards.  The  deviations  have  been  introduced  by  the  additicm  of  more 
data.  The  two  curves  at  the  top,  giving  the  reciprocals  of  the  melting 
points  and  coefficients  of  expansion,^  are  almost  exactly  similar  where 
the  data  are  complete.  Thus  the  secondary  minima  in  the  melting 
points  have  corresponding  maxima  in  the  coefficients  of  expansion  for 
indium  and  mercury,  and  a  maximum  may  be  predicted  for  gallium, 
though  no  determination  has  been  made  for  this  metal.  The  atomic 
volume  curve  does  not  show  any  corresponding  maxima,  and  they  seem 
also  to  be  absent  from  the  compressibility  curve,  though  not  all  of  them 
are  known  in  the  latter  case. 

The  only  minimum  melting  point  which  exactly  corresponds  to  a  max- 
imum atomic  volume,  is  that  for  helium.  Below  this  in  the  table  (Pigs. 
I  and -8),  the  maximum  atomic  volume  shifts  one  group  to  the  alkalies, 
while  the  minimum  melting  point  continues  to  remain  in  the  zero  group. 
In  a  very  similar  way  carbon  is  the  only  element  of  minimum  atomic  vol- 
ume which  has  the  maximum  melting  point.  In  the  next  series  the  maxi- 
mum melting  point  again  comes  in  the  fourth  group  with  silicon,  but  the 
minitniim  atomic  volume  has  shifted  one  group  to  aluminium  in  Group 
III.  In  the  next  period  molybdemun  has  the  highest  melting  point, 
but  the  element  of  lowest  atomic  volume  is  either  ruthenium  or  columbium, 
the  latter  if  the  density  used  is  correct,  but  as  to  this  there  seems  to  be 
considerable  doubt,  so  the  minimtun  is  probably  at  ruthenium.  In  the 
next  period  osmitun  has  the  lowest  atomic  volume,  while  timgsten  with 
an  atomic  number  two  less,  has  the  highest  melting  point. 

To  a  considerable  extent,^  the  rule  holds  that  elements  of  low  charac- 
teristic valence  have  low  melting  points,  high  atomic  volumes,  high  co- 

^  In  the  figure  this  curve  seems  to  have  much  flatter  maxima  than  the  one  above 
It,  but  this  is  mostly  due  to  the  fact  that  the  maxima,  which  lie  in  the  helium  group, 
are  omitted  from  this  curve  on  account  of  the  absence  of  data. 

'  This  is  not  a  true,  but  only  an  apparent  relation,  as  is  shown  later. 
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efiScients  of  expansion,  and  high  compressibility.  On  the  other  hand, 
to  the  same  extent,  elements  of  high  maximum  characteristic  valence 
have  low  atomic  volumes,  small  coefficients  of  expansion,  small  com- 
pressibilities, and  high  melting  points.  Blom^  has  calculated  a  quantity, 
W,  which  he  finds  to  have  the  dimensions  of  a  cohesion.  His  equation 
for  W  is 

W  =  constant— rr 

where  v  is  the  frequency  calculated  from  the  specific  heats,  A  is  the  atomic 
weight,  and  V  is  the  atomic  volmne.  The  curve  for  log  W  has  the  general 
form  of  the  melting  point  curve,  and  the  reciprocal  of  this  curve  would 
therefore  have  the  general  form  of  those  plotted  in  Pig.  6.  In  other 
words,  the  four  properties  plotted  in  Pig.  6  are  closely  related  to  the  co- 
hesion, or  it  may  be  considered  that  the  cohesion,  or  the  attraction  be- 
tween the  particles,  conditions  all  of  the  other  four  properties.  The  point 
at  which  the  parallelism  between  valence  and  cohesion  meets  its  worst 
f  culure  is  in  the  case  of  the  sub-group  elements  such  as  copper  and  zinc, 
which  fall  just  beyond  the  eighth  group,  since  the  valence  of  these  elements 
is  low  and  their  cohesion  high.  Therefore  a  better  rule  than  the  above  is 
that  in  Fig.  2  the  elements  at  the  ends  of  the  pbriods  He,  Ne,  A,  Kr, 
Xe,  Nt,  are  elements  of  high  atomic  volume,  high  coefficients  of  expansion, 
high  compressibilities,  low  cohesion,  and  low  melting  points,  while  the 
elements  at  the  middle  of  the  short  and  long  periods,  and  around  the  eighth 
group  near  the  middle  of  the  very  long  period,  are  in  general  the  elements 
of  high  cohesion  and  melting  points,  and  low  atomic  vohmies,  compressi- 
bilities, and  coefficients  of  expansion. 

There  is  also,  as  might  be  expected,  a  general  relation  between  the 
hardness  of  an  element  and  the  properties  under  discussion.  Thus,  the 
very  hard  elements  lie  near  the.  middle  of  the  pqriod8  while  the  softest 
elements  lie  near  the  ends  of  the  periods. 

Prom  the  above  considerations  it  seems  likely  that  the  apparent  connec- 
tion between  maximum  characteristic  valence  and  cohesion,  which  how- 
ever fails  so  badly  in  the  case  of  elements  of  low  valence  on  the  inner  loop, 
is  not  real,  but  that  the  cohesion  is  conditioned  by  the  spacing  of  all  the 
electrons  of  the  atom  external  to  the  nucleus,  and  that  this  spacing  is  a 
periodic  function  varying  in  the  periods  corresponding  to  those  given  in 
Pig.  2.  On  the  other  hand,  the  valence  varies  in  SBRiBS,  and  only 
partly  according  to  the  periods.  Thus  the  valences  i,  2,  3,  4,  5,  6,  7 
depend  only  on  the  position  in  the  series;  and  only  the  occurrence  of  the 
two  valences  o  and  8  depends  upon  the  position  in  the  periods. 

It  seems  probable  that  the  atom  is  a  system  consisting  of  a  positive 
nucleus,  surrounded  by  one  or  more  negative  electrons  which  are  descrilnng 
»  Ann.  Physik,  [4]  43,  1397-1416  (1913). 
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orbits  at  a  high  speed.  It  Is  not  improbable  that  the  force  which  keeps 
two  atoms  apart  is  due  to  the  repulsion  of  the  negative  electrons  of  one 
atQm  for  those  of  the  other.  The  compression  of  a  soUd  would  bring 
these  atoms  closer  together  and  the  doser  approach  of  the  external 
electrons  would  rapidly  increase  the  repulsion.  The  principal  decrease 
in  volume,  is,  in  all  probability,  most  largely  due  to  the  decrease  in  dis- 
tance between  the  atoms.  When  such  huge  pressures  as  those  used  by 
Bridgeman  are  used,  it  would  seem  likely  that  there  may  be  a  considera- 
ble decrease  in  the  size  of  the  atoms  themselves.  That  the  atoms  are 
compressible  would  seem  almost  certain,  but  the  possibiUty  exists  that 
the  atoms  tnay  be  very  much  less  compressible  than  the  spaces  around 
them. 

The  Dimensions  of  Atoms. 

It  is  of  interest  in  this  connection  to  compare  what  are  often  called 
atomic  diameters,  but  which  are  more  properly  considered  as  the  distances 
between  the  centers  of  two  atoms  in  a  gas  during  a  collision,  as  determined 
from  the  kinetic  theory,  and  the  distances  between  the  centers  of  the  same 
atoms  in  their  positions  of  equilibrium  in  the  solid  or  liquid  state.  Such 
a  comparison  is  given  in  Table  V. 

Tablb  V. — ^Atomic  Diambthrs  of  Monatomic  Gasss  (Distance  b^twsbn  Atomic 

CSNTSRS  DUKUYG  COLLISION)  AS  DETERMINBD  FROM  THE  KlNSTlC  TbSORT,  AND 

THE  Distances  between  the  Centers  of  the  Atoms  in  Liquids  or  Solids. 

Number  of       Atomic  diameter 
eKternal        X  ](>•  cm.  ia  gaaea         Distance  X  10*  cm.  between  cen- 
Snbstance.  electrons.  at  0**  C.  -  D.  ters  of  atoms  in  solids  or  liqu  ids.  I'si/V. 

3  ■  38  ( — 258  ®  adsorbed  in  charcoal) 

He 2  1.7  3.94  (—271.5*)  0.085 

Ne 10  2.1  3.17  (calc.)  1.04 

A. 18  2.5  3.56  (Liq.,— 189**)  3.0 

*Xe... 54  3.2  3.94  Wq-.— 102**)  3.6 

Molecular  Diameters  of  Diatomic  Gases. 

Ht 2.1  3.12  ( — 252  **) 

Nj 2.8  3.56  (--252. 5 ^  solid) 

0» 2.6  3.33  ( — 252.5®,  solid) 

At  first  sight  it  might  seem  that  the  data  on  the  distance  between 
the  centers  of  the  atoms  in  gases  during  collisions  could  be  explained 
on  the  basis  that  the  lighter  atoms  approach  each  other  more  closely 
because  they  have  the  greater  velocities,  but  that  this  is  not  true  can  be 
seen  when  it  is  remembered  that  the  heavier  atoms  have  the  greater 
momentum,  so  the  closer  approach  of  the  lighter  atoms  of  the  helium 
group  is  due  to  the  fact  that  either  (i)  the  atoms  are  smaller,  or  (2)  that 
the  fields  of  force  .aroimd  them  are  less  intense  on  account  of  the  fact 
that  they  have  a  smaller  number  of  electrons  external  to  the  nucleus 
(as  well  as  a  higher  nuclear  charge).  Probably  each  of  these  factors 
plays  a  part.    Thus  if  the  number  of  external  electrons  is  equal  to  the 
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nudear  charge,  and  we  use  the  hypothesis  that  the  nudear  diarge  is  equal 
to  the  atomic  number,  then  it  might  reasonably  be  expected  that  the 
54  external  dectrons  of  xenon  would  both  occupy  more  space,  and  create 
a  more  intense  fidd  of  force  than  the  2  external  dectrons  of  helium.     If 

the  number  of  external  electrons  is  indicated  by  N,  then  —y^  =  3,   so 

that  if  the  distances  between  the  centers  of  like  atoms  during  collision 
were  proportional  to  the  cube  root  of  the  number  of  external  dectrons, 
then  since  this  distance  D  is  1.7  for  hdium  it  would  be  5.1  for  xenon, 
while  the  calculated  value  is  less  than  this,  or  3.2.  However,  the  m<»nen- 
tum  of  the  xenon  atom  is  5.7  that  of  the  helium  atom,  so  that  the  higher 
momentum  would  cause  the  atoms  to  approach  doser  than  a  distance 
of  5.1,  but  it  is  doubtful  if  even  a  momentum  5.7  times  as  great  would 
be  able  to  reduce  D  to  3.2.  In  Table  VA,  values  are  given  for  different 
roots  of  N,  the  momentum,  and  the  calculated  values  of  D  from  Table  V. 

Table  Vi4. 

Hdative  '     , ,  , .  , ,  • 

Atom.  momentum.   D  X  10«  cm.»  *iNV».         *»NV«.  faNV*.  N. 

He i.o  1.7  1.7  1.7  .1.7  2 

Ne 2.2  2.1  2.3  2.5  2.9  10 

A 3.15  2.5  2.6  3.9  3.5  18 

Xe 5.7  3.2  3.3  3.9  5.1  54 

The  table  shows  that  the  distance  of  approach  D  varies  quite  dosely  as 
the  fifth  root  of  the  ntunber  of  external  dectrons  N.  If  all  of  the  atoms 
at  o^  had  the  same  momentuim  this  might  be  thought  to  be  the  law  which 
conditions  their  approach,  but  since  the  momentum  increases  rapidly 
with  the  mass  of  the  atom,  it  is  probable  that  D  would  vary  more  nearly 
as  the  foiuth  or  third  root  if  the  momenta  were  the  same.  That  D  is 
found  to  vary  as  the  fifth  root  of  N,  when  the  momentum  is  involved 
in  addition  to  the  number  of  external  dectrons  N,  is  probably  due  to  the 
fact  that  the  momentum  is  a  function  of  the  atomic  weight,  which  is  a 
fimction  of  the  atomic  number,  or  N,  in  this  case  the  number  of  charges 

^  The  values  of  D  are  taken  from  Landolt-Bomstein-Meyerhoffer  Tabellen  and 

350  pg 
f  V2  im/i 

cules  per  cc.  at  o^**  and  760  mm.  Hg  »  2.705  X  10^*  cm.~~',  and  m  is  the  viscosity  of  the 
gas,  with  the  application  of  Sutherland's  correction  for  cohesional  force  {PhU.  Mag., 
17,  320  (1904)),  and  Jean's  correction  for  the  persistence  of  velocities.  The  constants 
involved  in  this  calculation  are  not  very  well  known,  and  may  vary  for  different  kinds 
of  atoms,  but  are  probably  the  same  for  atoms  of  the  same  kmd,  such  as  those  of  the 
helium  group.  In  a  table  prepared  by  the  General  Electric  Company  the  values  of 
D  are  given  as  follows:  He  =  1.905,  A  »  2.876,  and  these  numbers  are  in  the  same 
ratio  as  those  given  by  Landolt-Bdmstein.  On  account  of  the  tmcertainty  in  the 
constants,  it  has  not  been  thought  worth  while  to  recalculate  the  numbers,  since  the 
relative  values  would  not  be  affected. 


are  calculated  from  the  equation  D  =  -\/  f-^_J^  »  where  n  is  the  number  of  mole- 
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on  the  nucleus.     In  other  words  the  various  factors  involved  are  functions 
of  the  same  variable. 

If  the  heavier  helium  group  atoms  are  larger  it  may  seem  surprising 
that  in  the  liquid  state  the  distance  between  the  atomic  centers  is  practi- 
cally the  same,  but  this  is  due  to  the  fact,  as  is  shown  by  the  last  column 
in  Table  V,  that  the  cohesion  increases  very  rapidly  with  the  atomic 
number.  At  present  little  is  known  as  to  the  actual  dimensions  of  atoms, 
and  it  seems  probable  that  their  dimensions  are  smaller,  rather  than  larger 
than  those  usually  cited.  It  is  somewhat  difficult  to  know  what  is  meant 
by  the  atomic  diameter,  since  in  a  simple  atom,  such  as  hydrogen,  it 
might  be  expected  that  the  diameters  would  be  very  different  in  the 
different  directions. 

In  the  calculation  the  number  of  gram  molecules  per  gram  molecular 
weight  was  taken  as  6.062  X  10".  According  to  the  table  the  centers 
of  the  atoms  in  Uquids  or  solids  are  much  farther  apart  than  the  distance 
between  the  centers  in  gases  at  the  time  of  their  closest  approach  during 
collision.  Even  in  their  collisions  it  is  improbable  that  the  exterior  elec- 
trons come  very  closely  in  contact  in  comparison  with  their  dimensions. 
The  data  in  Table  V  are  in  accord  with  the  usual  assumption  that  a  large 
part  of  the  space  in  liquids  and  solids  is  outside  the  boundaries  of  the 
atoms,  though  the  interatomic  spaces  are  certainly  regions  in  which  the 
dectro-static  and  .electro-magnetic  forces  are  intense. 

Atomic  Frequencies. 

The  properties  of  the  elements  which  have  been  conddered  thus  far  are 
properties  of  the  atoms  in  bulk,  undoubtedly  conditioned  however,  by 
the  structure  of  the  single  atoms.  An  endeavor  has  been  made  to  find  some 
property  which  is  more  characteristic  of  the  atoms  themselves.  This  at- 
tempt has  met  with  success  in  the  discovery  that  the  atoms  of  solid  sub- 
stances have  characteristic  atomic  frequencies.  While  in  the  simple 
theory  the  atomic  frequency  may  be  considered  as  independent  of  the 
nature  of  the  substance,  this  is  not  altogether  true,  since,  for  example, 
there  is  f otmd  to  be  a  difference  in  the  values  obtained  for  diamond  and 
graphite.  On  the  other  hand,  it  is  remarkable,  as  has  been  pointed  out 
by  Nemst,  that  the  frequencies  of  sodium  atoms  in  metallic  sodium  and 
in  sodium  chloride,  though  not  exactly,  are  approximately  the  same,  so 
as  a  first  approximation  the  atomic  frequencies  may  be  considered  as  a 
property  of  the  atom. 

The  characteristic  equation  for  the  frequency  is  the  formula  for  the  sim- 
ple  pendulum 


I       /D 


2T     ^A 

where  A  is  the  atomic  weight,  and  D  is  the  directional  force.    The  fre- 
quencies for  the  different  atoms  are  given  in  Table  II,  and  in  Fig.  10. 
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However,  in  the  figure  the  reciprocals  of  the  frequencies  have  been  plotted 
instead  of  the  values  themselves,  since  the  change  makes  the  curve  com- 
parable with  those  representing  the  atomic  volumes,  compressibilities, 
coefficients  of  expansion,  and  reciprocals  of  the  melting  points,  as  plotted 
in  Pig.  8. 

The  different  equations  which  may  be  used  for  the  calculation  of  y 
have  been  discussed  by  Blom,^  who  has  compared  them  and  finds  that 
no  one  is  exclusively  better  than  the  others.  The  equations  are  given 
below,  where  the  symbols  have  the  following  meanings: 

Tm  =■  absolute  melting  point. 

d      ■«  density. 

V     «  atomic  weight. 

K     ■«  compressibility. 

a     »  linear  coefficient  of  expansicm. 

C^  and  C,  ^  atomic  heats. 

1.  Einstein's  equation.^ 

D  —  const.  •-— • 
K 

F  -  3.3  X  Io^A-^•J-^K-^ 

2.  Lindemann's  equation,'  derived  from  the  hypothesis  that  at  the 
melting  point  the  orbits  of  the  atoms  become  just  large  enough  so  that 
the  atoms  come  into  direct  contact,  and  that  on  account  of  the  consequent 
energy  exchange  between  the  atoms,  they  are  no  longer  able  to  hold  to  their 
positions  relative  to  the  space  lattice,  but  begin  to  slide  past  each  other. 

T 
D  «  const.  -37-. 


3-  X  xo".  V^, 


3.  Alterthum/  from  dimensional  considerations,  found  the  following: 

D  »  const,  ^^t 


y  =  4.2  X  10 


"V; 


'AaVV- 

4.  Benedicks*  considered  D  as  proportional  to  the  internal  pressure 
of  the  solid  as  determined  by  van  der  Waal's  equation. 

D  =  const.  — =7. 

3«V 

^  Ann.  Physik,  4a,  1 397-1416. 

•iWa.,  34*  170  (1911);  35t  679  (1911). 

'  Inaug.  diss,,  Berlin,  X9xx;  Physik,  Z,,  zz,  609-12  (1910). 

«  Verh.  deutsch,  physik,  Ges,,  15,  68  (1913)* 

*  Benedicks,  Ann,  Physik,  43,  154  (1913)- 
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V  ^   6.3  X  10*1  \^. 
^  a 

5.  Griineiseii's^  equation: 

D  =  const.  —^ 

F  =   2.9  X  'O^'V^^.  (S^-  ^^•>- 

6.  Debye's  well  known  equation  is 

I.  =  7.4  X  io^A-*/\cr*/*.K-^/\/(o)-'^ 
where /(o)  is  a  function  of  Poisson's  constant.  Debye  considers  v  to  have 
a  maximum  value,  which  is  the  one  given  by  the  equation.  The  other 
authorities  cited  consider  v  to  have  only  one  value  under  definite  condi- 
tions. Blom  finds,  however,  that -the  more  exact  equation  of  Debye  does 
not  give  better  values,  since  the  data  involved  are  not  so  good  as  those  re- 
quired by  some  of  the  other  equations. 

Of  all  the  equations  given,  only  that  of  Lindemann  can  be  used  if  a  com- 
parison including  nearly  all  of  the  elements  is  desired,  so  this  method 
of  calculation  has  been  chosen  for  the  data  plotted  in  Fig.  8.  About 
half  of  the  values  have  been  calculated  from  those  given  by  Biltz,^  who 
used  a  different  constant,  and  the  rest  have  been  calculated  from  the 
other  data  given  in  Table  II. 

The  figure  shows  that  the  curve  has  a  considerable  resemblance  to  that 
giving  the  reciprocals  of  the  melting  points  (Fig.  6).  The  greatest 
minimum  in  atomic  frequencies  (maximum  on  the  curve)  comes  at  helium, 
lesser  minima  at  neon  and  argon,  and  then  greater  minima  at  krypton* 
xenon  and  niton.  The  secondary  minima  come  at  gallium,  indium, 
mercury,  just  as  in  the  melting  point  curve.  The  maxima  occur  at  carbon, 
siUcon,  titanium  to  nickel,  eolumbium  to  ruthenium,  tantalum,  and 
thoritun  (U),  with  minor  maxima  at  germanium,  antimony,  and  thallium 
to  lead. 

As  has  been  pointed  out  by  Biltz,  carbon,  which  forms  the  greatest 
munber  of  compounds  of  any  of  the  elements,  many  of  them  very  com- 
plex, has  by  far  the  highest  atomic  frequency  (37.0),  and  silicon,  which 
does  the  same  to  a  lesser  degree,  is  also  at  a  peak  in  the  frequency  curve, 
but  with  a  value  only  about  one-third  of  that  of  carbon.  The  elements 
which  form  a  large  number  of  complex  ammonia  compounds,  occur  at 
maxima  in  the  frequency  cturve  (minima  in  the  reciprocal  curve).  Such 
elements  are  chromium,  cobalt,  platinmn,  etc.  Further,  elements  just 
to  the  right  of  these  maxima,  on  descending  branches  of  the  frequency  , 
cmve,  also  form  these  complexes.     Beryllimn,  which  forms  very  stable 

*  Gnineisen,  Ann,  Physik,  3O1  293  (1912). 

*  Z,  Eleklrochem.,  17,  170-4  (191 1). 
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hezammines,  has  a  very  high  frequency,  equal  to  23.4.  The  fact  that  on 
the  curve  hydrogen  has  the  same  relative  position  as  the  halogens,  is  taken 
by  Biltz^  to  indicate  that  it  belongs  to  the  halogen  group,  but  this  does 
not  prove  the  point,  since  in  chemical  behavior  hydrogen  is  not  like  the 
halogens.  A  study  of  the  frequency  curve  will  reveal  many  other  rela- 
tions which  cannot  be  discussed  here. 

According  to  Equations  i,  2,  3  and  5,  the  following  quantities  must 
be  proportional  to  each  other: 

I      T«      R  ^      Cp 

— ,   — ,   ,  ana    

K      V      saV  saV 

Blom^  considers  that  these  represent  the  cohesion  pressure.    He  plots 

the  logarithm  of  this  cohesion  pressure  for  each  of  these  ftmctions,  and 

all  of  the  curves  have  exactly  the  general  form  which  the  curve  of  the 

reciprocals  of  the  atomic    frequencies   would   have    (Fig.  8)  if  it  were 

inverted    A  comparison  of  the  above  functions  shows  the  relationships 

which  exist.    Thus  from  (2)  and  (3)  T^  =  const,  a  and  from  (2)  and  (5) 

T,  "-^ Cy/a.    A  number  of  these  relations  have  been  studied  by  Gr^eisen.^ 

From  (i)  and  (2)  it  may  be  fotmd  that  K  »  const.  V/T^.    Richards  finds 

empirically  that  this  rebition  does  not  contain  the  density  to  a  high  enough 

j^ 
power,  and  that  the  expression  K  =  const. ^  is  much  more 

exact.    In  order  to  correspond  more  closely  to  the  above  expressions 

V 

Richards'  equation  should  be  put  in  the  form  K  =  const.  -— -. 

^  ^  (T«-5o)  DOW 

This  equation  may  be  interpreted  to  mean  that  the  compressibility  varies 
not  only  as  the  atomic  volume,  and  as  the  reciprocal  of  the  melting  point, 
but  also  as  the  reciprocal  of  some  function  of  a  quantity  which  varies  very 
nearly  as  the  density.  It  is  possible  that  this  quantity  is  the  ntmiber 
of  external  negative  electrons  in  the  gram  atom  divided  by  the  atomic 
weight,  or  the  number  of  external  negative  electrons  per  tmit  volume. 
This  may  be  called  the  electronic  density  (dj.  Reasoning  from  the 
standpoint  of  modem  theories  of  atomic  structiu-e,  there  would  seem  to 
be  no  reason  why  the  density  oi  the  material  itself  should  enter  into  the 
theoretical  equation  as  a  modif3dng  factor  in  addition  to  its  occurrence 
in  the  atomic  voltune,  but  it  is  easily  apparent  that  the  electronic  density 
might  be  a  factor. 

An  empirical  equation  which  holds  as  well  as  that  given  by  Richards, 
for  the  sixteen  cases  for  which  he  calculates  the  values,'  and  which  is 
simpler,  is 

» Loc.  cU. 

»  Ann.  Physik,  33,  33,  65  (1910);  30,  300  (1912). 

»  This  Journal,  37,  1652  (1915). 
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K  =  const. . 

Which  equation  gives  better  results  in  general  has  not  been  tested. 

Hardness. 

The  hardness  of  the  dements^  has  been  studied  by  Rydberg,  who  finds 
that  the  curve  for  hardness  has  the  general  form  of  the  melting  point 
curve,  or  of  the  curve  which  represents  cohesion  (Fig.  12).  The  minor 
differences  in  the  two  sets  of  etudes  are  as  follows:  In  the  melting  point 
or  cohesion  curves  the  line  of  minor  minima  runs  gallium,  indium,  mer- 
cury, while  in  Rydberg's  ctu^e  of  hardness  it  runs  gallium,  indium, 
thallium,  but  this  difference  between  merctuy  and  thallium  is  probably 
due  to  the  temperature  at  which  the  hardness  of  the  mercury  was  deter- 
mined as  compared  with  that  at  which  the  thallium  was  meastu-ed.  An- 
other point  of  difference  is  that  chromium  stands  very  much  higher  in 
the  curve  of  hardness  than  in  either  of  the  other  curves.  The  data  for 
hardness  are  very  inaccurate,  but  the  conclusion  is  inevitable  that  the 
hardness  is  proportional  to  some  function  of  the  cohesion.  Traube^ 
finds  that  the  hardness  and  modulus  of  elasticity  also  run  parallel.  Blom' 
gives  curves  for  a  munber  of  oxides  of  the  t3rpe  RO,  and  shows  that 
when  the  mean  atomic  heat,  the  square  root  of  the  atomic  volume,  and 
the  softness  (reciprocal  of  the  hardness  on  Moh's  scale)  are  plotted,  as 
functions  of  the  atomic  weights,  the  three  curves  have  the  same  form. 
The  same  relation  is  found  to  hold  for  oxides  of  the  form  RsO|. 
The  Elastic  Properties  of  the  Elements. 

Johnston^  gives  tables  which  show  that  for  the  twelve  metals  which  he 
considers,  the  hardness,  modulus  of  elasticity  (Young's),  rigidity,  and 
tenacity,  all  increase  in  the  same  order,  and  in  the  order  in  which  the 
compressibility  decreases.  A  study  of  the  elements  as  a  whole,  shows 
that  somewhat  the  same  general  relations  hold  to  some  extent  for  elements 
which  are  not  metals,  but  the  exceptions  to  the  rule  are  numerous,  and 
the  magnitude  of  the  exception  is  often  considerable.  The  regularity 
of  the  behavior  of  the  metals  with  respect  to  these  properties  is  remarkable. 

Cohesion. 

A  very  simple  experiment  upon  isotopes  would  give  much  light  as  to 
which  part  of  the  atom  by  its  variation  in  structure  or  mass,  conditions 
the  changes  in  cohesion.  Fig.  12  shows  the  variation  in  the  values 
oi  T,„/V,  where  T,„  is  the  absolute  melting  point  and  V  the  atomic  vol- 
ume. Blom'  claims  that  the  values  of  this  ftmction  represent  the  cohe- 
sion.   In  the  curve  the  logarithm  of  the  function  is  plotted,  since  other- 

*  Z.  physik.  Chem,,  33,  359  (1900). 

*  Z.  anarg,  Chem,,  34,  420-4  (1903). 

*  hoc.  cit. 

*  Z,  anorg,  Chem.,  76,  365  and  367  (191 2). 
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wise  the  curve  for  the  function  itself  would  be  dif&cult  to  plot  on  one 
page.  Lindemann^  proves  by  thermodynamics,  on  the  basis  of  certain 
assumptions,  that  the  melting  points  of  isotopes  are  proportional  to  their 
atomic  weights.  According  to  this  conclusion  lead  from  thorium  should 
have  a  melting  point  about  six  d^rees  greater  than  that  of  lead  from 
radium.  Lindemann's  result  may  be  stated  as  follows  in  terms  of  recent 
atomic  theories:  Whenever  the  nuclear  charge  remains  constant  the 
melting  point  and  the  cohesion  vary  as  the  tdbss  of  the  nudeus.  He 
concludes,  therefore,  that  "the  forces  of  attraction  and  repulsion  between 
atoms,  the  interaction  of  which  results  in  the  solid  state,  have  their  origin 
in  the  nudeus."  Lindemann's  calculation,  however,  involves  several 
doubtful  assumptions,  so  it  is  not  certain  that  his  conclusion  is  correct, 
and  it  may  be  well  to  consider  the  question  from  another  point  of  view. 

Following  out  his  line  of  reasoning,  it  could  be  predicted  that  if  an 
isotope  of  carbon,  of  atomic  number  six  (and  possibly  of  nudear  charge 
six  also)  could  be  obtained  with  a  mass  of  14,  its  mdting  point  would  be 
about  4400  **.  If  this  should  then  undergo  a  beta  change,  it  would  be- 
come nitrogen,  with  a  mdting  point  of  63^,  or  of  about  one-seventieth  the 
melting  point  which  it  had  before  the  loss  of  the  one  negative  electron 
from  the  nudeus.  Presumably  when  the  nudeus  loses  a  negative  dec- 
tron,  the  number  of  external  dectrons  increases  by  one  in  the  formation 
of  the  neutral  atom.  If  this  is  true,  a  change  of  one  dectron  from  the 
nudeus  into  an  external  electron,  without  a  change  of  mass,  would  cause 
this  enormous  change  of  melting  point  amounting  to  more  than  4300^, 
or  of  six  thousand  per  cent,  when  ralmlated  on  the  basis  of  the  mdting 
point  of  nitrogen.  If  Lindemann's  idea  is  on  the  other  hand  incorrect, 
and  if  isotopes  have  the  same  mdting  points,  then  it  will  be  seen  that  the 
isotope  of  carbon  of  mass  14  would  have  a  mdting  point  of  about  3800^, 
and  the  mdting  point  would  be  changed  about  sixt3^old  by  the  change 
of  one  dectron  from  the  nudeus  to  the  external  region.  Changes  similar 
to  these  actually  occur  among  the  radioactive  dements,  but  the  changes 
of  mdting  point  with  these  heavier  atoms  are  not  so  striking.  A  single 
beta  change  (that  is  the  loss  of  an  dectron  by  the  nudeus,  and  the  re- 
sultant increase  of  one  in  the  nuclear  charge,  and  probably  in  the  number 
of  external  dectrons)  may  decrease  the  mdting  point,  for  example,  in 
the  beta  change  from  an  isotope  of  lead  to  an  isotope  of  bismuth  the  de- 
crease is  56**,  or  in  another  case,  such  as  the  beta  change  of  thorium,  it 
may  increase  the  mdting  point.  Thus  the  great  changes  of  cohesion 
which  oocur  inside  of  one  period  in  the  periodic  S3rstem,  whether  of  dectro- 
static  or  of  dectro-magnetic  origin,  and  more  probably  of  both,  must  de- 
pend much  more  on  the  arrangement  and  frequendes  of  the  particles, 
dther  in  the  nudeus,  or  in  the  external  region  of  the  atom,  than  they  do 
»  Nature,  95,  7  (1915). 
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Upon  the  changes  of  mass.  Thus,  in  the  first  period,  as  the  cohesion 
curve  shows,  there  occur  both  the  lowest  mjmnf^^m  and  the  highest  maxi- 
mum in  cohesion  in  heUum  and  carbon,  respectively,  elements  which  differ 
in  atomic  mass  by  only  eight.  It  is  evident  that  such  extreme  changes 
would  result  fr<»n  differences  in  arrangement  only  when  the  number  of 
electrons  is  small. 

The  question  under  consideration  here  is  not  the  origin  of  cohesion, 
but  of  its  variation  with  the  atomic  number.  This  variation  may  be 
caused  either  by  a  change  in  arrangement  or  frequency  in  the  nudeus« 
or  among  the  external  dectrons,  but  there  are  several  arguments  which 
seem  to  indicate  that  it  is  the  external  changes  which  are  the  important 
ones,  and  that  it  is  the  external  electrons  which  determine  the  spacing  of 
the  atoms,  and  therefore  the  atomic  volume.  It  is  evident,  of  course, 
that  it  is  the  nudear  charge  which  determines  the  number  of  these  elec- 
trons, and  therefore  their  arrangement.  There  is  a  very  dose  rdation 
between  the  variations  of  valence  in  the  periodic  system,  and  the  varia- 
tions in  cohesional  properties.  Since  the  valence  is  undoubtedly  condi- 
tioned by  electrons  external  to  the  nudeus,  it  is  probable  that  the  same  is 
true  of  the  related  cohesional  properties,  but  that  it  is  the  whole  system 
of  external  dectrcms  ^diich  is  effective  in  the  latter  case.  The  nudei 
of  atoms  fall  into  two  series,  which  differ  in  stability  according  as  the  atomic 
number  is  odd  or  even.  This  subject  will  be  more  fully  considered  in  a 
later  paper,  but  as  to  the  fact  there  is  no  doubt.  Now  neither  the  cbem* 
ical  nor  the  phjrsical  properties  of  the  dements  show  thi^  marked  distinc* 
tion  between  the  odd  and  even  numbered  dements,  which  would  seem  to 
indicate  that  it  is  not  the  dianges  in  the  nudeus  which  are  here  effective. 
On  the  other  hand,  it  must  be  realized  that  dectromagnetic  effects  caused 
by  the  rotation  of  the  nudeus,  or  of  its  parts,  may  have  an  effect  upon  the 
arrangement  of  these  external  dectrons. 

The  cohesion  is  not  a  function  of  the  properties  of  the  atoms  alone, 
but  it  is  also  conditioned  by  the  form  of  the  space-lattice  in  the  solid*  as 
is  evident  if  graphite  and  the  diamond  are  compared. 
Magnetic  Susceptibility. 

In  Pig.  II  the  susceptibiUties  of  the  elements  per  unit  mass  times 
lo^  have  been  plotted.  Most,  but  not  all,  of  the  data  were  taken  from 
a  paper  by  M,  Owen.^  The  maxima  for  the  dements  of  positive  suscepti- 
bility come  with  oxygen,  and  then  an  extremely  high  maximum  in  the 
first  dghth  group,  Fe,  Co,  and  Ni.  The  next  maximum  is  not  nearly 
so  high,  but  comes  in  the  eighth  group  again  with  Pd.  After  this  there  is  a 
high  maximum  in  the  rare  earths,  a  minor  maximum  in  the  eighth  group 
with  Pt,  and  a  maximum  of  moderate  hdght  at  uranium.  It  is  interest- 
ing that  the  highest  maximum  is  in  the  eighth  group  the  first  time  it  ap* 
1  Ann.  PhysiK  [4]  37f  657-99  (19"). 
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pears  in  the  system,  and  that  the  next  highest  maximntfi  comes -with  the 
FIRST  and  only  appearance  of  the  rare  earth  group.  Both  of  these  groups 
are  related  to  eadi  other  in  that  in  them  the  valence  remains  constant 
as  the  atomic  number  increases  Neon,  not  determined  by  Owen,  seems 
to  be  a  minimum  on  the  susceptibility  curve.  At  least  this  is  true  if  the 
experimental  work  is  trustworthy.  The  minima,  fbund  by  Owen  are  Be, 
P»  Zr,  Sb,  and  Bi.  A  rough  relationship  between  the  atomic  volume 
curve  and  the  susceptibiUty  curve  may  be  seen  by  bringing  the  two  to- 
gether, but  there  are  many  points  of  deviation  between  the  two.  A  plot 
showing  the  atomic  magnetism  would  of  course  greatly  exaggerate  the 
deviations  from  the  zero  line,  for  elements  of  high  atomic  weight. 

Fig.  XI  is  interesting  in  that  it  proves  conclusively  that  the  old  stand- 
ard rule  that  el^nents  of  the  even  series  are  paramagnetic,  and  that  ele^ 
ments  of  the  odd  series  are  diamagnetic,  is  not  entirely  correct,  and  that, 
for  example,  the  susceptibility  changes  from  positive  to  negative  in  a  sin- 
gle series.  The  fifth  series,  however,  seems  to  be  entirely  negative,  as  is 
also  the  seventh,  and  the  ninth,  as  far  as  it  is  known. 

Thus  in  the  short  periods  there  is  a  change  from  diamagnetic  to  para- 
magnetic ia  each  series,  but  in  the  long  periods  beginning  with  argon, 
-vehich  is  strongly  diamagnetic,  there  is  a  first  jump  to  a  slightly  para- 
magnetic substance  in  potassium.  Then  in  these  long  periods  the  ele- 
ments  on  the  front  of  the  outer  loop  and  the  back  of  the  inner  loop  are  para- 
magnetic;  those  on  the  front  of  the  inner  loop  and  the  back  of  the  outer  loop 
are  diamagnetic.  Beginning  with  the  long  periods,  the  iron  group  elements 
are  the  maxima  of  the  paramagnetic  elements  (with  an  additional  maximum 
in  the  rare  earths),  and  the  maxima  of  diamagnetism  in  all  probability  occur 
in  the  zero  group  elements.  Thus  the  zero  and  eighth  groups  form  the  two 
extremes  in  the  curve  representing  magnetic  properties,  just  as  they  do 
with  respect  to  atomic  volume,  cohesion,  smd  related  pr(^)erties.  This 
suggests  that  cohedon  is  partly  due  to  magnetic  forces.  That  it  is 
not  the  only  factor  involved  is,  however,  shown  by  the  many  deviations 
between  the  course  of  the  two  sets  of  curves.  Thus  carbon,  which  forms 
a  maximum  in  the  cohesion  curve,  is  very  far  from  the  maximum  on  the 
susceptibility  curve. 

The  Number  of  Lines  in  the  Spectrum  of  an  Element. 

On  pages  36  and  37  of  their  book  "Die  Spektren  der  Elemente  bei 
Normalem  Druck,"  Volume  i,  Exner  and  Haschek  give  curves  showing 
the  relationship  between  the  atomic  weight  and  the  number  of  lines  in 
the  spectrum  of  an  element.  It  is  somewhat  difi&cult  to  see  just  how  they 
have  decided  upon  the  niunber  of  lines  in  each  case,  as  they  give  only 
one  line  for  the  spark  spectrum,  and  none  for  the  are  spectnun  of  hydro- 
gaiy  and  only  one  line  for  the  arc  spectrum  of  carbon.  The  values  of  such 
results  depend  upon  their  method  of  choosing  the  lines  to  be  counted. 
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They  find  that  the  curve  giving  the  number  of  lines  in  the  spark  spectrum 
has  maxima  at  V,  Mo,  W,  and  U,  and  this  falls  very  nearly  along  the  line 
of  maximum  melting  points.  Secondary  maxima  occur  at  Pe,  Nd,  Br  and 
Ir.  Of  all  of  the  elements  they  find  uranium  with  the  heaviest  atom 
and  the  greatest  number  of  external  electrons,  to  give  the  most  lines. 
Complex  Compounds  of  the  Periodic  System. 

It  is  a  well-known  fact  that  the  elements  which  farm  the  greatest  number 
of  compounds^  such  as  carbon  and  silicon,  are  elements  of  low  atomic  vol^ 
ume.  Thus  they  are  elements  of  high  cohesion,  and  they  also  have  a  high 
valence. 

The  stability  of  a  particular  type  of  complex  compounds  has  been 
studied  carefully  by  Bphraim,  who  measured  the  temperature  at  which 
the  vapor  pressure  of  ammonia  from  complex  metal  ammonia  compounds 
of  the  type  MX9.6NHS,  becomes  equal  to  500  mm. 

Table  III.— Thmfsraturbs  at  Wmcn  thb  Vak)r  Prbssurbs  of  Hnx/JMitmB  Com* 
POUND  Bbcombs  Equal  to  500  mm. 


Atomic • . 

Metal.  volume.       T^i/V.  Chlorides.  Sulfates. 

Be 5.3  296.4  High  temp. 

Ni 6.7  258.0  165  39S 

Co 6.7  262.0  130  378.5 

Fe 7.1  254.0  106.5  369 

Cu 7.1  191. 3  95  364.5 

Mn 7.5  204.0  82  340 

Zn 9.2          75-4  51  299 

Cd 13. 1          45.3  50.5  323.5 

Mg 14.0          66  24.5 

Hg,  So,  Pb >  14  <42  Do   not   give  comparable   com* 

Ca,  Sr,  Ba pounds  at  room  temperatures. 

For  any  one  series  investigated,  Kphraim^  finds  that  the  product  of  the 
cube  root  of  the  atomic  volume  (V'^')  by  the  cube  root  of  the  tempera- 
ture of  decomposition  (T^  ^')  is  practically  a  constant.  In  the  case  of 
the  substituted  ammonia  compounds,  the  stability  of  the  ammine  seems 
to  depend  also  upon  the  molecular  volume  of  the  organic  base.  The 
nature  of  the  anion  influences  the  stability. 

The  elements  which  form  complex  ammonia  compounds  belong,  mostly, 
in  the  inner  loop  of  the  periodic  table  (Figs,  i  and  2)  and  are  sub-group 
elements.  On  the  whole,  the  elements  at  the  left  of  the  inner  loop  form 
the  greatest  number  of  these  compounds.  That  the  stability  increases 
as  the  atomic  volume  of  the  metal  decreases,  is  apparent  from  Table  III, 
though  there  are  some  minor  exceptions  to  the  rule.  Thus  cadmitun, 
with  an  atomic  volume  of  13 .  i,  seems  to  form  a  more  stable  hexammino- 
sulfate  than  zinc,  with  an  atomic  volume  of  9.2.  However,  the  ammino- 
1  Ber.,  45,  1323  (1912);  2.  physik.  Chem.,  81, 513.  539  {X9U);  83,  196  (1913). 
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chlorides  of  these  elements  follow  the  usual  rule.  The  values  of  T^/V 
for  the  elements  which  represent  the  cohesion,  seem  to  be  in  as  dose  a  rela- 
tion to  the  dissociation  temperatures  of  the  chlorides  as  the  atomic 
volumes. 

Valence  and  BlectnMiflbiity. 

The  important  subject  of  the  relation  between  the  periodic  system  and 
electroaffinity  has  been  so  thoroughly  treated  in  the  classic  papers  of 
Abegg  and  Bodlander,^  and  Abegg,*  that  it  need  not  be  considered  here. 
It  may  be  pointed  out  that  while  in  general,  in  any  one  group,  the  positive 
character  of  the  elements  increases  as  they  go  down  the  rod  on  which  they 
lie  in  the  table,  this  rule  is  reversed  for  those  elements  which  are  at  the 
left  (iron  group)  and  on  the  front  of  the  inner  loop  and  for  the  rare  earths. 
Thus  copper,  silver  and  gold  are  progressively  more  negative,  and  the 
same  is  true  of  iron,  ruthenium,  and  osmium,  and  also  of  zinc,  cadmium, 
and  mercury. 

Other  Properties  of  the  Biemeiits. 

According  to  Cary  Lea,'  the  maxima  for  color  in  the  ions  formed  by  the 
elements  are  in  the  three-eighth  groups  and  in  the  rare  earth  group,  with 
a  final  maximum  at  uranium.  This  is  interesting  in  so  far  as  it  is  true, 
in  that  this  relationship  is  similar  to  that  found  for  the  maxima  of  suscepti- 
bility, for  in  both  cases  the  maxima  occur  in  the  groups  where  the  valence 
remains  constant  as  the  atomic  ntunber  rises. 

Other  properties  of  the  elements,  beside  those  discussed  in  this  paper, 
which  vary  in  a  more  or  less  regular  way  with  their  position  in  the 
periodic  system,  are  given  in  the  following  list,  which,  however,  is  not 
complete: 

Blectrical  conductivity^  Electrode  potentials^ 

Conductivity  for  heat  Changes  of  volume  on  fusion* 

Boiling  points*  Solubility' 

Heats  of  chemical  combination*,^  Latent  heat  of  fusion^^ 

*  L.  Abegg,  "Die  Valenz  und  das  periodische  System  Versuch  einer  Theorie  dcr 
Molekularverbindungen/'  Z.  anorg.  Chem.,  39,  330-80  (1904). 

'  Abegg  and  Bodlander,  Ibid.,  20,  453-99. 

*  Chem.  News,  73,  203,  260-2  (1896);  Z.  anorg.  Chem.,  9,  312-28  (1895);  Am.  J, 
Set.,  bl  49f  357  (1895)- 

*  Sander,  Elektrochem.  Z.,  6,  133. 

*  CameUey»    Numerous  papers  in  Trans.  Chem.  Sac.,  Proc.  Roy.  Soc.  and  PhU. 
Mag.,  from  1876  on. 

*  Laurie,  Phil,  Mag.,  [5]  i5»  4^  (1883);  Richards,  Trans.  Chem.  Soc.,  99,  1201 
(191 1);  CameUcy,  PhU.  Mag.,  [5]  18,  1-22  (1884). 

'  Abegg,  Z.  anorg.  Chem.,  39,  330-80  (1904). 
»  Topler,  Wied.  Ann.,  53,  343  (1894). 

*  Abegg  and  Bodlander,  Am.  Chem.  /.,  aS,  220-8  (1902);  Locke,  Am.  Chem.  J., 
ao,  581-92  (1898);  a6,  166^85,  332-45  (1901);  a7,  455-81  (1902). 

»•  Rudorf,  "Das  Periodische  Gesetz/'  pp.  143-9. 
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Ionic  mobilities^  Refractive  indices* 

Ultraviolet  vibration  frequencies'  Spectra' 

Mechanical  properties^ 

Summary. 

1.  In  this  paper  a  periodic  table  has  been  presented,  which  shows  graph- 
ically the  relations  between  the  main  and  the  sub-groups  of  elements. 
The  main  defect  of  the  periodic  tables  which  have  been  designed  formerly^ 
is  that  they  do  not  show  these  relations  correctly. 

2.  The  table  arranges  the  elements  in  the  exact  order  of  their  atomic 
numbers,  and  gives  no  blanks  for  unknown  elements  which  do  not  corre- 
spond to  atomic  numbers  as  determined  by  Mosdey's  work  on  the  X-ray 
spectroscopy  of  the  elements. 

3.  It  also  plots  the  elements  according  to  their  atomic  weights,  so  the 
isotopic  forms  of  an  element  may  be  shown  graphically  on  the  table, 
and  the  alpha  and  beta  decompositions  of  the  radioactive  elements  may 
also  be  plainly  depicted. 

4.  Both  the  zero  and  the  eighth  groups  fit  nattu'ally  into  the  system. 

5.  The  table  may  be  best  represented  as  a  helix  in  space,  but  may  be 
shown  as  a  spiral  in  a  plane.  The  space  form  is  represented  by  its  vertical 
projection  on  a  plane,  but  drawn  with  line  perspective  so  that  it  may 
easily  be  visualized. 

6.  Beginning  at  the  zero  group,  the  maximum  positive  valence  of  a 
group  is  found  by  counting  toward  the  front  and  toward  the  right,  lA  =  i. 
Be  =  2,  etc.,  and  negative  valence  by  counting  toward  the  back,  Fe  =  — x^ 
O  =  — 2,  N  =  —3,  etc. 

7.  The  elements  in  the  table  divide  themselves  into  cycles, 

Cydeo 

Cyde  I  —  4*  dements 
Cyde  2  «■  6*  dements 
Cyde  3  —  8*  dements 

but  the  latter  part  of  the  third  cyde  is  missing.    The  cycles  are  eadi 
divided  into  two  periods.    The  periods  are  as  follows: 

Period  Oi 
Period  Oi 
Period  j  «  2  X  2* 
2  =  2  X  2« 
3-2X3* 
4-2X3' 
5-2X4* 
6  «  2  X  4* 
^  Bredig»  Z.  physik.  Chem.,  13,  289  (1894). 
'  Ibid.,  149-57;  Bishop,  Am.  Chem,  J.,  35,  84  (1906). 

*  Ibid,,  157-171;  Baly,  "Spectroscopy." 

*  Ibid,,  187-^6. 

*  Byk,  Ann,  Physik,  [4]  4a,  1417-53  (1913). 
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These  relations  are  undoubtedly  a  numerical  expression  of  a  function 
connected  in  some  way  with  the  system  according  to  which  the  nuclei 
of  the  elements  have  been  built  up. 

8.  Whenever  the  valence  drops,  in  passing  along  the  continuous  line 
connecting  the  elements  in  the  order  of  their  atomic  numbers,  it  always 
drops  by  seven,  either  from  seven  to  zero,  or  from  eight  to  one.  In  the 
latter  case  there  is  evidenced  a  certain  sluggishness  in  the  drop,  so  that  it 
is  not  entirely  complete,  so  that  copper,  silver  and  gold,  the  members  of 
which  should  have  the  maximtun  valence  one,  often  exhibits  a  higher 
valency,  such  as  two  for  copper  and  three  for  gold. 

9.  The  table  arranges  the  groups  into  5  divisions,  numbered  o,  i,  2, 
3,  4.    These  divisions  comprise  the  following  groups: 

Division o  i  2  3  4 

Groups 0.8        1.7        2.6        3.5        4.4 

The  two  groups  of  one  division  are  said  to  be  complementary.  The  sum 
of  the  group  munbers  of  two  complementary  groups  is  always  8,  as  is  also 
the  sum  of  the  maximum  valences.  The  algebraic  sum  of  their  charac* 
teristic  valences  is,  on  the  other  hand,  always  zero.  Thus  the  characteris- 
tic valence  for  Group  i  is  + 1,  and  for  Group  7  is  — i.  The  characteristic 
valence  of  the  eighth  group  needs  to  be  defined  in  this  sense,  and  must  be 
•  taken  as  — o,  which  accords  with  Abegg's  valence  system. 

10.  Another  very  important  relationship  given  graphically  in  this  table, 
and  not  at  all  by  any  other  which  the  writers  have  found,  is  that  between 
the  main  and  the  sub-groups  in  any  one  division.  Whenever  the  group 
numbers  in  any  one  division  differ  considerably,  as  is  the  case  in  divisions 
o  and  I,  then  the  elements  in  the  sub-groups  are  quite  different  chemically 
from  the  members  of  the  main  group,  although  they  are  in  general  alike 
in  valence.  As  the  group  numbers  in  the  division  approach  each  other 
in  magnitude,  the  elements  of  the  sub-group  become  chemically  much 
like  those  of  the  main  group.  This  is  true  of  groups  4A  and  B,  where  the 
group  numbers  are  the  same,  and  the  two  groups  are  practically  indistin-. 
guishable  in  their  general  chemical  nature. 

11.  On  the  outer  cylinder  the  main  Groups  i,  2,  3  become  less  positive 
as  the  group  number  increases,  while  the  corresponding  sub-groups  be- 
come MORE  positive. 

12.  Whenever  the  atomic  volume  of  a  main-group  element  is  large, 
that  of  the  corresponding  sub-group  element  is  small,  and  as  the  atomic 
volume  of  the  main  group  element  decreases,  that  of  the  sub-group  in- 
creases, imtil  the  values  become  about  the  same  in  Groups  4A  and  4B. 

13.  The  rare  earths  are  put  in  the  third  group,  since  their  valence  is 
three,  and  since  if  they  are  distributed  around  the  table  there  are  not 
enough  known  and  undiscovered  elements  together  to  go  around.  Cerium 
may  be  classified  either  with  the  third  or  the  fourth  group.    A  discussion 
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of  this  minor  question  is  given.  The  elements  of  the  rare  earth  group  (not 
including  yttrium  or  cerium)  decrease  in  basic  properties  as  the  atomic 
weight  increases,  which  is  exactly  the  opposite  of  the  general  rule.  As 
has  been  explained  in  the  paper,  in  the  rare  earths  the  atomic  number, 
and  therefore  the  nuclear  charge,  keeps  .on  increasing,  while  the  valence 
remains  constant.  On  the  other  hand,  it  seems  probable  that  the  atomic 
volume  tends  to  keep  on  as  it  usually  does,  but  this  tendency  is  masked 
partly  by  another  influence  which  tends  to  keep  the  atomic  volume  con- 
stant. The  rare  earths  lie  on  the  front  of  the  table,  where  the  elements  in 
general  become  less  basic  as  the  atomic  number  increases,  so  they,  in  this 
case,  as  they  probably  do  with  atomic  volumes,  effect  a  compromise  be- 
tween this  tendency  and  that  which  seeks  to  cause  the  elements  in  a  single 
group  to  become  more  basic  with  increase  in  atomic  weight.  The  resultant 
effect  is  that  they  become  less  basic  as  the  atomic  number  increases,  but 
not  with  anything  like  the  rapidity  which  would  be  shown  if  they  were 
to  go  around  the  table  in  the  usual  manner.  In  this  sense  the  rare  earth 
group  forms  a  loop  of  its  own,  but  a  loop  of  practically  constant  valence. 

14.  The  periodic  table  shows  the  relation  between  the  properties  of 
the  elements  and  the  nuclear  charge,  and  this  is  presumably  equal  to  the 
number  of  external  electrons.  It  is  probably  the  spacing  and  arrange- 
ment of  these  electrons  which  determines  the  chemical  and  most  of  the 
physical  properties  of  the  elements. 

15.  In  Table  II  it  may  be  seen  that  the  spiral  forms  a  series  of  lines 
which  in  any  part  of  the  table  lie  very  nearly  parallel.  This  is  a  graphical 
expression  of  the  well-known  fact  that  the  atomic  weights  increase  in  a 
very  regular  way  in  any  one  group,  and  at  about  the  same  rate  in  all  of 
the  groups.  This  regularity  may  be  explained  on  the  basis  of  the  theory 
of  Harkins  and  Wilson,  that  the  nuclei  of  the  elements  are  built  up  from 
hydrogen  and  helium  nuclei,  according  to  a  regular  system,  according  to 
which  the  differences  in  mass  in  any  one  group  are  generally  due  wholly 
tp  differences  in  the  number  of  helium  nuclei  present,  at  least  in  the  case 
of  the  lighter  elements. 

.  16.  In  Fig.  4  and  5  the  relations  of  the  radioactive  elements  to  the 
periodic  table  have  been  given.    The  nature  of  isotopes  is  discussed. 

17.  A  number  of  figures  and  tables  have  been  given  to  illustrate  the  re- 
lationship between  the  cohesional  properties  of  ^  the  elements  and  the 
periodic  system.  The  following  properties  have  been  plotted  graphically; 
Melting  points,  with  lines  of  maxima  and  primary  and  secondary  minima, 
atomic  volumes,  density,  cubic  coefficients  of  expansion,  compressibility, 
susceptibility,  atomic  frequency,  elastic  properties,  cohesion  and  hardness. 
For  the  discussion  of  the  relations  between  these  properties  the  body  of 
the  paper  should  be  consulted* 
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i8.  A  theory  as  to  the  factors  conditioning  variations  of  cohesion  is  given. 

19.  The  ordinary  theory,  that  the  atoms  in  solids  do  not  occupy  all  of 
the  space  is  supported. 

Several  problems  related  to  the  periodic  system  are  now  imder  in- 
vestigation in  this  laboratory.  One  of  these  is  the  endeavor  to  prove 
whether  or  not  the  exceptional  atomic  weight  of  chlorine  is  due  to  its 
existence  in  two  isotopic  forms.  This  is  a  very  important  problem  in 
its  bearing  on  the  theory  of  complex  atoms,  whatever  may  be  the  facts. 
Work  is  also  being  done  upon  the  melting  point  of  lead  derived  from  rad- 
ium. A  third  problem  is  the  attempt  to  prove  whether  ordinary  lead  is  or 
is  not  a  mixture  of  isotopes. 

The  writers  wish  to  thank  Mr.  W.  A.  Roberts  for  aid  in  the  construc- 
tion of  the  model  of  the  periodic  system. 

The  next  paper  in  this  series  will  be  on  **The  Evolution  of  the  Elements 
and  the  Stability  of  Complex  Atoms." 


[Contribution  from  thb  Wolcott  Gibbs  Memorial  Laboratory  of  Harvard 

Univbrsity.] 

THE  DENSITY  OF  LEAD  FROM  RADIOACTIVE  MINERALS. 

Bt  Tbbodors  W.  Richards  and  Charlss  Wadsworth,  3rd. 
Received  December  4,  1915. 

The  startling  (Merences  observed  by  several  investigators^  in  the  atomic 
weight  of  lead  from  radioactive  som"ces  obviously  suggest  that  other 
properties  also  may  vary  in  dilBFerent  specimens;  and  the  comparison 
of  these  may  be  of  service  in  tracing  the  true  causes  of  the  differences 
in  atomic  weight.  The  phenomena  are  of  interest  whether  or  not  one 
accepts  the  plausible  hypothesis  of  Soddy  and  Fajans  concerning  the 
"isotopes."  In  a  new  field  of  this  sort,  of  course,  as  great  a  variety  of 
facts  as  possible  is  peculiarly  important. 

The  present  paper  details  one  of  a  number  of  lines  of  research  in  this 
direction  which  are  in  progress  in  this  laboratory,  with  the  idea  of  finding 
out  more  about  the  substance  admixed  with  ordinary  lead  in  radioactive 
minerals — ^a  substance  so  like  ordinary  lead  that  the  usual  modes  of  puri- 
fication do  not  separate  it,  and  that  it  produces  no  change  in  the  ultra- 
violet spectrum. 

The  first  among  the  properties  to  be  studied  was  density.^    The  densi- 

^  Richards  and  Lembert,  Tms  Journal,  36,  819  (19 14);  Honigschmid  and  St. 
Horovitz,  Compi.  rend.,  158,  1798  (1914);  M.  Curie,  Compt.  rend.,  158,  1676  (1914); 
Soddy  and  Hyman,  /.  Chem.  Soc.,  105,  1402  (1914);  also  especially,  Honigschmid, 
Sitzb.  k.  Akad.  Wiss.  Wien.,  123,  Ila  (Dec.  1914). 

*  The  density  of  lead  from  thorianite  has  already  been  studied  by  Soddy,  and  dis- 
cussed by  Lindemann,  respectively.  Nature,  94,  615  and  95,  7  (1915).  Professor  F. 
W.  Clarke  has  kindly  called  otu-  attention  to  the  desirability  of  studying  also  several 
other  properties. 
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ties  of  the  elements  have  assumed  peculiar  interest  ever  since  Mendd&flF 
and  Lothar  Meyer,  in  1869,  showed  this  property  to  be  a  periodic  func- 
tion of  the  atomic  weight.  If  the  various  isotopes  have,  as  would  be 
expected  from  the  atomic  voliune  curve,  nearly  if  not  quite  the  same 
atomic  volume,  then  of  course  the  isotope  with  less  atomic  weight  should 
have  less  density.  The  matter  was,  therefore,  inevitably  approached 
with  a  preconceived  opinion,  but  during  the  experimental  work  the  in- 
vestigators tried  to  make  themselves  as  independent  as  possible  of  any 
preconceived  notions.  Preliminary  experiments  gave  evidence  that  a 
difference  in  density  reaUy  exists;  hence  the  matter  seemed  worthy  of  the 
more  careful  experiments  detailed  below. 

Apparatus. 

Among  the  various  forms  of  pycnometer  available  for  determining 

the  density,  a  form  was  chosen  which  for  many  years  has  been  in  use 

at  Harvard,  having  been  designed  by  one  of  us  in  1898.    No  adequate 

description  of  this  apparatus  has  ever  been  given,  however,  hence  a  brief 

-^CSjjgi;^^      j^SSSSSSSSSSSSm  ^^^^^^^^  ^^  ^^  ^^  ^^^  "^  place.     It 

11      if  consists   in  principle   simply  of   an 

II  1HV  Ostwald-Sprengel  pycnometer  modi- 

11^^^  fied  for  use  with  soUds  by  the  intro- 

I  ^V  duction  of  a  glass  stopper,  as  indi- 

/  \  cated  in  the  diagram,  and  has  the  ease 

I  I  of  adjustment  famiUar  to  those  who 

V^  m^  have  used  the  Ostwald  form.    Several 

details  concerning  it  should  be  mentioned.     In  the  first  place,  the  stopper 

should  not  be  too  nearly  cyUndrical.     In  a  stopper  8  mm.  high  the  upper 

diameter  should  be  8  mm.  and  the  lower  7.    With  this  angle  the  stopper 

attains  on  successive  settings  almost  precisely  the  same  point,  but  is  not 

so  conical  as  to  fall  out  easily.    When  the  joint  is  very  thoroughly  ground, 

it  is  suflSdently  watertight  for  long  periods  even  without  a  lubricant,  but 

certainty  of  closure  is  increased  by  spreading  about  0.5  mg.  of  a  lubricant 

(such  as  a  mixture  of  hard  and  soft  paraffin  and  melted  rubber)  upon 

the  ground  joint.    This  precaution  was  adopted  in  the  present  research. 

For  the  best  results,  the  pycnometer  should  of  course  be  but  little  larger 

than  the  bulk  of  the  substance  to  be  studied;  and  the  internal  diameter  of 

its  tubes  should  not  exceed  i  mm.    Both  of   these  specifications  have 

been  recently  imheeded  by  a  German  firm  which  has  advertised  it. 

To  determine  its  volume  the  instrument  was  filled  either  with  hot  water, 
or  else  in  an  evacuated  apparatus  with  cold  previously  boiled  water.  The 
two  methods  gave  identical  results.  It  was  then  left  for  a  long  time  in  an 
acciu-ately  adjusted  thermostat  kept  at  19.94°. 

Before  weighing,  the  pycnometer  was  always  wiped  with  a  clean,  lint- 
free  doth  and  was  weighed  in  a  balance  case  containing  no  drying  agent. 
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Twenty  minutes  in  the  balance  case  sufficed  amply  for  the  attainment  of 
constant  weight,  which  did  not  change  on  standing  twenty  minutes  more. 
The  following  readings  of  the  weight  of  water  contained  in  the  pycnom- 
eter — ^two  settings  and  weighings  for  each  of  three  adjustments  of  the 
stopper — show  how  accurately  the  instrument  serves  its  purpose: 

Tablb  I. — ^Weights  of  Water  Rbduced  to  Vacutm  Standard. 

Tbmfsrature  19.94  ^ 

5.7264  5.7264  5.7264 

5.7264  5.7263  5.7264. 

Five  of  these  six  weighings  were  identical  and  the  other  differed  only  by 
o-i  mg. 

The  pycnometer  was  used  with  the  lead  in  the  same  way  as  with  water 
alone.  After  drying  in  an  air-bath  a  thin  coating  of  the  lubricant  was 
smeared  upon  the  groimd  glass  stopper.  A  carefully  weighed  quantity 
of  lead,  prepared  in  a  manner  to  be  described  later,  was  introduced  after 
weighing  the  pycnometer  with  its  lubricant;  and  in  the  first  series  of 
experiments  (called  **ist  method"  in  the  table  below)  the  vessel  was  filled 
through  the  pointed  jet  with  pure  hot  water,  which,  if  previously  boiled, 
was  fotmd  to  be  without  action  on  the  lead.  The  pycnometer  was  then 
placed  in  the  water  of  a  dean  thermostat  carefully  regulated  to  within 
one-hundredth  of  a  degree  and  allowed  to  come  to  thermal  equiUbriiun. 
After  the  setting  of  the  meniscus,  the  pycnometer  was  removed,  and  care- 
fully dried* and  reweighed — ^just  as  it  had  been  when  containing  water 
alone.  In  the  experiments  designated  "2nd  method"  in  the  table  below, 
the  filling  was  conducted  with  cold  boiled  water  in  a  vacuum  according  to 
the  method  used  by  Kahlbaum  and  others.^  This  is  by  far  the  more 
trustworthy  method  with  a  porous  substance,  but  it  will  be  seen  that  in 
the  present  simple  case  the  two  methods  gave  essentially  identical  results. 

Preparation  of  Materials. 

The  best  method  of  purifying  lead  salts  is  by  crystallization  of  the  ni- 
trate.* A  large  quantity  of  lead  from  radioactive  sources  (obtained  through 
the  kindness  of  Mr.  S.  Radcliff  and  Mr.  £.  R.  Bubb,  of  the  Radium 
Hill  Co.  of  Australia)  was  dissolved  in  nitric  acid  and  the  nitrate  was 
recrystallized  five  times  by  dissolving  the  crystals  in  hot  water  and  add- 
ing a  large  excess  of  nitric  acid.  In  this  way  the  crystals  separated  from 
a  large  volume  of  mother  liquor  and  the  purification  was  very  rapid.  The 
pure  nitrate  was  then  divided  into  several  portions,  of  which  one  was 
immediately  afterward  electrolyzed  in  quartz  vessels  from  hot  solution, 
using  electrodes  of  platintun  wire.  This  procedure  gives  a  very  beautiful 
crystalline  deposit,  which  is  easier  to  wash  and  for  this  reason  ptu-er  than 

1  Z.  anorg.  Chem.,  29,  237  (1901). 

»  Baxter  and  Grover,  Tms  Journai.,  37,  5  (1915). 
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the  somewhat  spongy  deposits  obtained  from  cold  solution.  The  subse- 
quent treatment  of  these  crystals  will  be  described  later.     (Sample  C.) 

Another  portion  of  the  pure  lead  nitrate  was  precipitated  as  chloride 
by  pure  hot  hydrochloric  add  obtained  by  distilling  pure  add  of  constant 
boiHng  point.  The  precipitate  was  thoroughly  washed  and  recrystallized 
as  chloride  four  times.  This  chloride  was  then  dectrolyzed,  using  a  fine- 
grained porous  cup  to  siUTOund  the  anode,  in  hot,  slightly  add  solution; 
and  the  crystals  of  lead  thus  obtained  were  thoroughly  washed  and  treated 
like  the  preceding.     (Sample  D.) 

Finally,  samples  of  ordinary  lead  chloride,  which  had  been  carefully 
purified  by  Dr.  J.  W.  Shipley,  were  treated  in  the  same  way.  This  lead 
chloride  had.  been  twice  recrystallized  after  predpitation  from  a  solution 
of  the  acetate  which  had  itself  been  several  times  recrystallized.  The 
electrolytic  crystals  of  pure  ordinary  lead  were  thoroughly  washed  and 
treated  like  the  radioactive  metal.  Two  such  preparations  were  made  and 
designated  A  and  B. 

Each  of  these  samples  of  dean  lead  crystals  was  finally  fused  in  a  mould 
of  pure  sugar  charcoal  made  for  the  piupose.  This  mould  or  boat  had 
been  made  from  a  paste  of  powdered  sugar  charcoal,  sugar  and  water, 
packed  into  an  **alundum"  boat,  moulded  into  the  desired  shape,  heated 
cautiously  in  an  air  bath,  and  when  dry  thoroughly  ignited  before  the 
lead  was  placed  upon  it.  Upon  the  hard,  smooth  siuiace  of  this  charcoal 
boat  each  bar  of  lead  was  mdted,  the  boat  having  been  placecl  in  a  hard 
glass  tube,  in  a  current  of  pure,  dry  hydrogen.  This,  in  turn,  was  made 
from  the  electrolysis  of  sodium  hydroxide  containing  some  baryta,  passed 
over  red  hot  copper,  and  finally  dried  by  potassium  hydroxide  previously 
fused  with  a  Uttle  permanganate.  The  resulting  bars  of  lead  were  beauti- 
fully bright  and  dean.  After  cooling,  each  was  removed,  carefully  freed 
from  adhering  carbon,  cut  into  small  pieces  and  hammered  on  a  polished 
anvil  with  a  dean  sted  hammer.  Finally  these  hammered  bars  were 
scrubbed  with  dean  sea-sand,  dried  and  polished  with  a  dean  cloth 
and  placed  in  a  desiccator  over  fused  potash.  Each  of  the  three 
samples  was  subjected  to  precisdy  the  same  treatment,  so  that  no 
difference  in  density  could  arise  from  any  difference  in  the  preparation  of 
the  metal. 

With  each  of  these  varieties  at  least  four  determinations  of  the  density 
were  made,  using  different  amounts  of  material,  so  as  to  be  sure  that  no 
systematic  error  existed  in  the  method.  The  data  are  given  bdow  in  full, 
the  wdghings  both  in  air  and  corrected  to  vacuum  bdng  recorded.  It 
will  be  remembered  that  the  wdght  of  water  contained  by  this  pycnom- 
eter  was  5.7264  g.  in  vacuum,*  the  average  amount  in  air  being  5.7203. 
The  temperature  was  in  every  case  19.94°. 
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Density 
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11.333 
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Ptirified  by  5  recrystallizations  of  nitrate. 
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Av.,     1 1 .  289 
Hence  the  results  are  as  follows: 

Density  of  ordinary  lead 11 .337 

Density  of  radioactive  lead  from  nitrate 11 .288 

Density  of  radioactive  lead  from  chloride 11 .289 

Evidently  the  density  of  the  lead  from  radioactive  sources  is  0.049 
that  is  to  say,  0.43%  lower  than  that  of  ordinary  lead — ^a  very  striking 
difference,  in  the  sense  which  was  expected. 

Before  considering  these  results  further,  the  results  of  others  on  the 
density  of  ordinary  lead  may  receive  a  moment's  consideration.  As 
usual,  these  are  highly  conflicting,  for  the  determination  of  the  density  of 
solids  has  been  highly  uncertain;  good  results  are  rare.  Earlier  values  for 
the  density  of  lead  have  varied  from  11. 19  to  11.37.^  The  most  accurate 
of  these  seems  to  have  been  that  of  Kahlbaum,  Roth  and  Siedler,  who, 
however,  used  only  distillation  as  a  means  of  purifying  their  metal.  Their 
values  were  1 1.341  and  1 1.347  for  unpressed  and  pressed  lead,  respectively.* 
As  they  themselves  showed  that  the  common  metallic  impurities  in  lead 
were  easily  volatile  under  the  conditions  which  they  employed,  and,  there- 
fore, might  have  contaminated  their  distillate,  their  result,  although  good, 
cannot  be  deemed  certainly  accurate.  The  quaUtative  experiment  in 
^  See,  for  example,  Kahlbatun  and  others;  Z.  anorg.  Chem.,  29,  278  (1901). 
*  Z.  anorg.  Chem,,  ag,  280  (1901). 
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which  they  distilled  a  ten-pfennig  piece  is  hardly  convincing  as  evidence 
of  precision.^  Of  course  these  criticisms  do  not  apply  to  their  inter- 
esting conclusions  about  the  effect  of  pressure,  except  insofar  as  possible 
impurities  might  affect  the  crystalline  habit  of  the  solid  metal,  and  per- 
haps cause  small  vacant  spaces  in  the  structure. 

The  difference  between  the  result  of  Kahlbaum  and  his  collaborators, 
1 1. 341,  and  our  result,  11.337,  for  ordinary  lead,  is  only  0.004  ^^  0.04%. 
As  density  determinations  go,  this  is  a  good  agreement.  The  only  im- 
purities likely  to  have  been  in  our  sample  are  hydrogen  and  carbon,  which 
might  possibly  cause  a  deviation  of  this  magnitude,  although  we  have  no 
definite  evidence  that  either  of  these  elements  is  soluble  in  melted  lead 
to  an  appreciable  extent.  Another  possible  cause  of  difference  lies  in  a 
conceivable  allotropy  in  the  metal.* 

Whatever  may  be  the  cause  of  this  slight  difference,  it  does  not  affect 
the  arguments  to  be  drawn  from  our  comparative  results,  for  each  of  our 
samples  of  metal  was  treated  precisely  in  the  same  way.  Hence  each 
sample  of  lead  must  have  been  equally  saturated  with  carbon  and  hydrogen, 
if  any  dissolved,  and  each  must  have  been  of  the  same  modification.  It 
will  be  noted  that  the  greatest  deviation  from  the  mean  is  0.004  ^  ^^ 
case  of  the  common  lead  and  only  0.003  ^^  ^^  case  of  each  sample  of  radio- 
active lead.  The  difference,  on  the  other  hand,  between  ordinary  lead 
and  the  mean  of  the  two  samples  of  radioactive  lead  is,  as  has  been  said, 
0.049,  over  twelve  times  the  greatest  deviation  from  the  mean  and  over 
twdve  times  the  difference  between  our  pure  lead  and  that  of  Kahlbaum 
and  his  collaborators.  There  can  be  no  question,  therefore,  that  these  results 
show  a  real  difference  between 'the  two  kinds  of  lead,  which  must  be  re- 
ferred to  the  admixture  causing  the  low  atomic  weight  of  radioactive  lead. 

Furthermore,  it  should  be  noted  that  the  five  additional  recrystalliza- 
tions  of  the  second  radioactive  sample  (D)  as  chloride  produced  no  essential 
change  in  the  purity  of  the  lead,  as  indicated  by  its  density.  Hence 
it  is  clear  that  more  drastic  means  than  recrystallization  must  be  taken 
to  separate  the  modifications. 

It  is  interesting  to  compare  these  results  with  those  of  Soddy,  who 
found  in  lead  from  thorite  sUghtly  higher  density  than  that  of  ordinary . 
lead' — ^just  the  opposite  to  the  phenomenon  described  in  this  paper. 
Soddy  earlier  found  in  lead  from  thorite  (presumably  a  similar  sample) 
also  an  atomic  weight  higher  than  that  or  ordinary  lead,  whereas  the 
atomic  weight  of  our  Australian  radioactive  lead  has  been  found,  in  ex- 
periments not  yet  published,  to  be  much  lower  than  that  of  ordinary  lead, 
namely  206.3  instead  of  207.2.     Hence  Soddy's  results  are  not  inconsistent 

^  Lac,  ciL,  p.  195. 

*  Cohen  and  Inouye,  Chem.  Weekblad,  XQXO,  p.  i. 

» Loc.  cit. 
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with  ours.  They  seem  rather  to  mdicate  that  a  different  admixture  was 
present  in  his  material. 

Returning  to  our  results,  it  is  interesting  to  note  that  the  atomic  volume 
of  the  Australian  radioactive  lead  is  very  nearly  the  same  as  that  of  ordi- 
nary lead,  because  206.3/1 1.288  ^  18.276,  whereas  for  ordinary  lead 
207.2/1 1.337  =  18.277.  The  difference  between  these  values  for  the  atomic 
volume  is  so  small  as  to  be  no  greater  than  the  probable  limit  of  error 
of  the  experiment.  Hence  it  is  clear  that  the  atomic  volume  of  radio- 
active lead  is  essentially  equal  to  that  of  ordinary  lead. 

Of  course,  no  one  knows  as  yet  what  proportion  of  impurity  exists  in 
this  radioactive  sample,  which  doubtless  contains  some  ordinary  lead. 
If  the  true  atomic  weight  of  the  pure  isotope  is  really  206,  this  sample 
must  have  consisted  chiefly  of  the  isotope,  and  the  atomic  volume  of  the 
pure  isotope  must  be  very  nearly  18.3.  On  the  other  hand,  it  is  possi* 
ble  that  the  theory  is  incomplete  and  that  the  lowering  of  atomic  weight 
and  density  is  due  to  the  admixture  of  a  much  smaller  amount  of  a  sub- 
stance with  much  lower  atomic  weight.  In  that  case  the  atomic  volume 
of  the  admixture  is,  of  course,  less  certain,  but  it  probably  is  near  18. 

It  is  a  pleasiu-e  to  express  our  indebtedness  to  the  Carnegie  Institution 
of  Washington  for  generous  pecuniary  support  in  this  investigation. 

Sumniary. 
The  density  of  ordinary  lead  (having  an  atomic  weight  of  207.2)  and  of 
lead  from  Australian  radioactive  sources  (having  an  atomic  weight  of 
206.3)  was  carefully  determined  in  a  convenient  pycnometer  which  is 
described  in  detail  for  the  first  time,  although  long  in  use.  The  density 
of  ordinary  lead  reduced  to  the  vacuum  standard  was  found  to  be  11.337, 
and  that  of  radioactive  lead  11.288.  Continued  fractionation  produced 
no  change  in  this  low  density,  and  it  could  not  have  been  due  to  any 
irregularity  in  preparing  the  metal  since  the  samples  were  all  prepared  in  the 
same  way.  This  difference  in  density  is  especially  interesting,  because 
it  almost  exactly  parallels  the  difference  in  atomic  weight.  Thus  the  atomic 
voltmie  of  radioactive  lead  is  found  to  be  almost  exactly  equal  to  that  of 
ordinary  lead,  the  figures  being  each  very  nearly  18.28. 

Cambudoh,  Mass. 
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FURTHER  NOTE.i 

By  E.  C.  C.  Baly. 
Received  December  26,  1915. 

In  the  addenda  to  his  original  criticism,  Dr.  Dehn  has  carried  the  mat* 
ter  no  further.    I  will  therefore  only  add  very  few  words. 

^  This  reply  was  received  too  late  to  be  published  in  the  January  number  of  Tms 
JouBNAL  as  was  originally  intended. — ^Editor. 
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In  the  first  place,  Dr.  Dehn  makes  a  statement  that  is  absolutely  un- 
true and  to  which  I  give  unhesitating  and  categorical  denial.  He  says 
that  I  devote  more  than  half  of  my  reply  to  '*  discussing  new  physical  data 
not  published  by  him  (Baly)  when  his  theory  appeared  in  This  Journai^." 
These  data  were  published  in  the  Philosophical  Magazine  many  months 
before  the  paper  under  discussion.^  Dr.  Dehn's  accusation  is  all  the 
more  strange  in  view  of  the  fact  that  he  includes  these  two  papers  in  his 
list  of  my  publications. 

In  the  second  place,  referring  to  the  changes  in  absorption  with  concen- 
tration, Dr.  Dehn  makes  the  siuprising  statement  that  ''we  must  assume 
not  only  an  infinite  series  of  absorption  curves  but  an  infinite  series  of 
reactivities.  *  ♦  ♦  *  *  These  results  of  course  are  contrary  to 
fact  as  acknowledged  by  Baly  in  his  reply.*'  I  pointed  out  in  my  first  re- 
ply that  Dr.  Dehn  had  got  very  mixed  in  his  ideas  as  regards  the  effect 
of  concentration  and  by  the  misuse  of  the  word  "band"  where  "band 
group"  is  meant.  I  said  that  his  criticism  therdEore  falls  to  the  ground 
and  that  his  statement  is  absurd.  The  only  notice  he  takes  of  this  is  to 
add  the  words  which  I  have  italicized  above.  I  am  accused  of  a  great 
sense  of  humor  by  Dr.  Dehn,  but  I  am  sadly  afraid  that  it  is  not  as  great 
as  his. 

In  the  third  place,  the  new  paragraph  added  by  Dr.  Dehn  beginning 
"There  can  be  no  quibble  that  Baly  beUeves,  etc.,"  and  indeed  also  the 
succeeding  paragraphs  reveal  such  a  serious  nmnber  of  misconceptions 
and  misconstructions,  which  I  can  no  longer  beUeve  to  be  withour  preju- 
dice, that  fiurther  discussion  has  become  valueless. 

ThB   UNIVHRSITY,    LfVSRPOOL. 


[CONTIUBUTION    PROM    TH^    K^NT    ChBMICAI«    LABORATORY    OP    TKB    UniVBRSITY    OP 

Chicago.  ] 

THE  DROP  WEIGHT  METHOD  FOR  THE  DETERMINATION 

OF  SURFACE  TENSION.^ 

(SURFACE  TENSION  I.) 

By  Wxixiam  D.  Harxims  and  H.  C.  HumphbryI* 

Received  October  22,  1915. 

The  two  methods  in  most  general  use  for  the  determination  of  the 
capillary  constants  of  liquids  are  the  capillary  tube  and  the  drop  weight 
methods.  Of  these  two,  the  first  is  much  the  more  sensitive  to  the  action 
of  impurities,  since  the  surface  of  the  liquid  involved  in  the  measurement 
is  made  very  small,  while  in  the  drop  weight  method  the  surface  is  not 

1  PhU.  Mag.,  27,  652  (1914).  and  29,  223  (1915)- 

'  Read  befo/e  the  National  Academy  of  Sciences,  December  7,  19 14. 

'  This  series  of  papers  on  surface  tension  has  been  presented  to  the  University  of 

Chicago  by  E.  C.  Humphery  as  a  dissertation  in  part  fulfilment  of  the  requirements  for 

the  degree  of  Doctor  of  Philosophy. 
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only  made  relatively  large  but  it  is  also  renewed  much  more  easily.  It  is 
not  surprising,  therefore,  that  the  most  concordant  results  on  the  surface 
tension  of  a  single  liquid  are  obtained  by  the  drop  weight  method,  and 
that  duplicates  run  by  this  method,  when  it  is  properly  applied,  show  a 
most  remarkable  agreement.  However,  when  the  results  obtained  by 
different  workers  on  different  liquids  by  this  method  are  compared  with 
determinations  made  by  other  methods,  it  is  found  that  they  show  just 
as  remarkable  a  disagreement,  the  deviation  in  some  cases  rising  to  20%, 
or  even  40%.  These  very  bad  results  are  due  however,  not  to  any  in- 
herent fault  in  the  method,  but  to  the  application  of  a  very  faulty  theory. 
Thus  many  .workers  have  used  the  equation 

W    =    2xra,  (i) 

where  W  is  the  weight  of  the  drop,  r  the  radius  of  the  tip  of  the  dropping 
tube,  and  a  the  siniace  tension.  This  equation  would  be  true  only  when 
the  pendant  drop  is  supported  entirely  by  the  siuiace  tension  of  the 
surface  film  at  the  edge  of  the  tip,  and  when  all  of  the  pendant  drop  falls, 
but  this  is  very  far  from  the  truth,  for  the  drop  which  falls  is  nowhere 
nearly  all  of  the  pendant  drop. 

The  most  complete  treatment  of  the  mathematical  theory  of  the  re- 
lation between  the  forms  of  drops  and  surface  tension  is  given  in  a  book 
published  in  1883  by  Bashforth  and  Adams.  ^  Much  later  than  this,  in 
1906,  Lohnstein*  applied  the  general  theory  to  the  special  case  of  the  hang- 
ing drop  just  before  its  fall,  and  the  residue  left  after  the  fall,  and  from  the 
difference  he  obtained  the  magnitude  of  the  falling  drop  itself.  By  doing 
this  he  was  able  to  reduce  the  problem,  which  would  otherwise  be  of  a 
kinetic  form,  to  the  solution  of  problems  in  statics.  In  solving  the  prob- 
lem it  was  necessary  for  Lohnstein  to  make  an  asstunption  in  regard  to 
a  relationship  between  the  form  of  the  drop  just  before  it  falls,  and  that 
of  the  residual  drop  left  immediately  after  the  fall.  The  cross  sections  of 
the  drop  as  it  increases  in  size  give  a  family  of  curves  which  have  different 
values  of  a  variable  parameter.  Two  values  of  this  parameter  give  two 
curves  which  have  the  same  tangent  at  the  point  of  contact  with  the  tip. 
Lohnstein  assumed  that  the  drop  which  remained  after  the  fall  had  a  cross 
section  which  gave  a  curve  with  the  same  angle  of  contact  with  the  tip 
as  the  drop  just  before  it  fell.  In  calculating  the  size  of  the  falling  drop, 
then,  he  subtracted  the  voliune  of  the  drop  with  the  parameter  p  from 
the  voliune  of  the  drop  with  the  parameter  p\  where  the  two  curves,  due 
to  these  different  parameters,  have  the  same  tangent  at  the  point  in  which 
the  drop  meets  the  tip.  The  curve  with  the  parameter  p'  gives  the  form 
of  the  drop  before  the  fall,  and  the  curve  with  the  parameter  p  gives  the 
form  of  the  drop  remaining  after  the  fall. 

»  "Capillary  Action,"  Cambridge  University  Press  (1883). 

^  Ann.  Physik,  [4]  20,  237-68,  606-18(1906);   Z.  physik.  Chem.,  64,  686  (1908); 
84,  410  {1913.) 
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The  equation  obtained  by  Lohnstein  for  the  weight  of  the  falling  drop 
is 

W  =  2irfa/(r/a),  (2) 

where  r  is  the  radius  of  the  tip  and  a  is  the  square  root  of  the  capillary 
constant,  and  f{r/a)  represents  a  function  of  r/a.  The  surface  tension 
is  given  by  the  equation 

a  =  W/2irr/(r/a),  (3) 

and  since  f (r/a)  varies  from  i.o  to  0.6,  it  is  evident  that  results  obtained 
by  the  older  equation  (i)  may  be  increased  by  as  much  as  65%  by  the 
application  of  this  correction.  Lohnstein  determined  the  values  of  the 
fimction  of  r/a  for  different  values  of  r/a^  and  his  calculation  of  these 
corrections  from  a  theoretical  standpoint  makes  it  possible  to  use  the  drop 
weight  method  for  the  determination  of  surface  tension,  and,  since,  as 
has  been  stated,  this  is  the  most  exact  from  an  experimental  standpoint 
of  the  methods  used  in  work  on  capillarity,  Lohnstein's  work  represents 
a  great  advance  in  our  knowledge  of  this  fundamental  subject. 

Unfortimately,  however,  when  it  becomes  desirable  to  determine  the 
surface  tension  by  this  method,  it  is  found  that  Lohnstein  did  not  carry 
his  calculations  of  these  corrections  to  a  sufficient  degree  of  accuracy 
to  make  this  method  available  for  determinations  where  an  accuracy 
greater  than  4%  is  desired.  It  is  therefore  important  that  this  correction, 
which  is  a  very  fundamental  one  in  work  on  capillarity,  should  be  de- 
termined with  a  greater  degree  of  accuracy.  For  this  purpose  the  apparatus 
devised  by  the  writers^  seemed  to  make  it  possible  to  make  determina- 
tions of  this  correction  under  conditions  which  are  more  nearly  ideal  than 
is  possible  by  the  ordinary  methods.  Thus  the  substitution  of  work 
on  the  liquid-liquid  interface  for  the  ordinary  method  in  which  a  liquid- 
air  interface  is  used  makes  it  possible  to  compare  the  drop  weight  recults 
with  those  obtained  in  a  capillary  tube  of  large  bore  (1.4  mm.)  when  the 
capillary  rise  is  great  enough  (78.0  mm.)  to  give  accurate  measurements. 
Not  only  can  the  diameter  of  the  large  capillary  be  determined  more  ac- 
curately than  that  of  the  smaller  tube  used  for  meastu'ements  on  a  single 
Uquid,  but  in  addition  it  is  much  easier  in  the  large  tube  to  keep  the  surface 
of  the  meniscus  in  a  pure  condition.  Then  in  the  drop  weight  determina- 
tion itself,  the  drop  falls  very  much  more  slowly  when  it  falls  into  a  liquid 
than  when  it  falls  into  a  gas,  so  that  there  is  less  disturbance  in  the  drop 
at  the  time  of  fall  than  when  it  breaks  away  at  a  relatively  high  speed. 
The  corrections  determined  in  this  way  are  given  in  Table  I,  and  are 
shown  in  the  form  of  a  curve  in  Fig.  i.  In  the  figure  the  ordinates  repre- 
sent the  values  of  the  function  of  r/a,  and  the  abscissae  give  the  values 
of  r/a.  The  circles  which  are  inked  in  represent  Lohnstein's  theoreti- 
cally determined  values,  while  the  circles  given  in  outline  give  the  new 
^  Described  in  the  paper  which  follows. 
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values  determined  experimentally.  The  figure  shows  that  the  experi- 
mental values  give  with  Lohnstein's  first  two  points  for  small  values 
of  rla^  a  much  smoother  curve  than  is  given  by  his  own  theoretical  values. 
The  experimental  values  were  determined  by  the  use  of  a  number  of  dif- 
ferent liquids,  and  measurements  were  made  both  upon  liquid  interfaces, 
and  at  the  surface  of  a  single  liquid.  Table  II  gives  a  list  of  the  corrections 
for  round  values  of  ria. 

TaBLB  I.— BxpBRIMBNTAL  CORKBCTION  FOR  DROP  WSlGHTS. 


Point  No. 

r/a. 

Kf/a). 

Interface. 

Temperature 

I 

0.281 

0.709 

Water— Ethyl  carbonate 

(as') 

2 

0.366 

0.685 

Water— Benzene  S.  T. 

(25') 

3 

0.441 

0.672 

Water— DimethylaniHne 

(25") 

4 

0.484 

0.654 

Wata— EtCO, 

(»5') 

5 

0.592 

0.639 

Water — ^Benzene 

(10°) 

6 

0.621 

0.636 

Water — ^Benzene 

(20  •) 

7 

0.633 

0.632 

Water— Xylene 

(as') 

8 

0.636 

0.634 

Water— Benzene 

(as') 

9 

0.648 

0.634 

Water— Benzene 

(30») 

ID 

0.649 

0.632 

Water— Toluene 

(»5') 

II 

0.709 

0.620 

Water- Air 

(as*) 

12 

0.837 

0.615 

Water— Hexane 

(as*) 

13 

0.845 

0.616 

NaCl  SohL— Benzene 

(as°) 

H 

1. 071 

0.612 

Benzene — Air 

(as') 

15 

1.387 

0.620 

SrBrj  Sohi.— Hexane 

(as') 

Tabl«  II.— Corrections 

FOR  Drop  Wbioht— Prom  Curve. 

r/a. 

fir/a). 

r/o. 

/(r/«). 

CO 

1. 000 

O.I 

0.805 

0.9 

0.614 

0.2 

0.741 

I.O 

0.612 

0.3 

0.703 

I.I 

0.612 

0.4 

0.676 

1.2 

0.613 

0.5 

0.655 

1.3 

0.615 

0.6 

0.637 

1.4 

0.620 

0.7 

0.625 

1.5 

0.629 

0.8 

0.618  See  note  0)           1.6 

0.641 

The  correspondence  between  the  experimental  results  and  the  smooth 
curve  drawn  through  Lohnstein's  first  two  points,  and  the  additional 
fact  that  the  ^perimental  curve  follows  the  general  trend  of  Lohnstein's 
values,  shows  that  the  relationship  thus  developed  theoretically  by  Lohn- 
stein  must  be,  on  the  whole,  the  correct  one.  However,  some  prominent 
^  For  values  of  r/a  greater  than  0.7  the  values  are  only  approximate,  since  enough 
determinations  have  not  been  made  in  this  region  to  fix  these  values  with  certainty. 
The  indications  are  that  if  any  change  is  shown  by  further  experiments  the  change 
will  be  such  as  to  decrease  the  values  here  given.  They  already  represent  a  considerable 
decrease  in  comparison  with  the  results  obtained  by  Morgan,  when  he  uses  the  work 
of  Ramsay  and  Shields  and  other  investigators  in  order  to  obtain  the  constant  in  this 
equation. 
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workers  on  surface  tension  still  refuse  to  accept  the  validity  of  Lohn- 
stem's  work  and  prefer  to  use  in  place  of  his  relationship  the  so-called 
law  of  Tate.  The  law  of  Tate  states  that  the  weight  of  a  drop  falling  from 
a  tnbe  is  proportional  to  the  radius  of  the  tube  and  to  the  surface  tension 
of  the  liquid.  Thus  Morgan,  in  a  paper  printed  in  1915  and  entitled 
"Das  Tatesche  Gesetz,  Eine  Antwort  an  Herm  Lohnstein,*'  states  as 
the  conclusion  of  one  of  his  sentences 

"Man  muss  folgern*  dass  die  form  des  Tateschen  Gesetzes  y  »  Kw  ffir  die  benutzten 
MandstJlcke  ein  wahres  und  strenges  Gesetz  ist." 

If  Tate's  law  holds  the  ratio  ^^^  -^'?*'-  =  K. 

Tip  diameter 

Morgan  gives  the  results  of  work  upon  16  tips  var^ring  in  diameter 

from  3.05  to  7.86  mm.  in  confirmation  of  this  law.     In  order  to  see  the 

relation  of  this  work  to  the  experimental  correction  curve,  the  corrections 

have  been  calculated  from  Morgan's  values  (Table  III)  and  plotted  in 

TablB  in. — Cai,cuu^tion  of  /  {.r/a)  from  Morgan's  Rssults. 

Benzene.           Quinoline.  Pyridine.     Carbon  tetrachloride.      Ether. 
S.  T.  -  26.92. 

/  =  27.8.  S.  T.  =  42.66.  S.  T.  *  35.33.      S.  T.  -  24.89.      S.  T.  «  15.33. 

d  =  0.87059.  d  «  1.08755.  d  =«  0.97365.        d  =  1.57528.         d  «  0.7045. 

a  -  2.51 17.       a  =  2.829.  <»  ■=  2.708.  a  «  1.795.           ^  «=  2.107. 

r/a.       f(r/a),  r/a.        fir/a).  r/a.        f  (r/a),        r/a,        fir/9).        r/a.       f  ir/9). 

0.607     0.6595  0.539     0.673  0.5605  0.6573     0.8494  0.6377     0.7238  0.6569 

0.782     0.636  0.6946    0.6434  0.7222  0.6425      1.095     0.6273     0.9326  0.636 

0.796     0.6356  0.707     0.643  0.7355  0.636        I. 114     0.6268     0.9749  0.6359 

0.8978  0.6237  0.797     0.624  0.8288  0.623        1.256     0.6237      1.070     0.6234 

0.9356  0.6226  0.880     0.624  0.9x5     0.623        1.309     0.6275     I.1B2     0.623 

0.9913  0.6227  0.972    0.624  i.oii    0.6225     1.387    0.631       1.305    0.6227 

1.057    0.6227  1.006    0.624  1.022    0.622       1.479    0.6376     1.350    0.626 

1.095    0.6223  1.034    0.6213  1.075    0.622      1.532    0.643  •  1.388    0.6264 

1. 133    0.622  1.096    0.6215  1.204    0.622      1.585    0.651      1.554    0.642 

1. 165    0.621  1. 158    0.622  1.257    0.6224     I '639    0.658      1.623    0.647 

1.234    0.6223  1.209    0.6214  1-352     0.6257     1.727     0.660       1.754    0.6613 

1.304    0.6256  1.306     0.6248  1.444    0.630       1.824     0.6636     1.865     0.6757 

1.362     0'.6297  1.392     0.6294     1.905     0.671        

1. 471     0.639  

1.565     0.6465  

Fig.  2.  Morgan  has  not,  in  any  of  these  cases,  determined  the  absolute 
!  surface  tension  himself,  since  his  work  gives  only  relative  values,  so  the 
j  vertical  position  of  his  curves  as  a  whole  is  dependent  upon  the  value 
which  he  chooses  as  the  surface  tension  of  his  standard  liquid.  Now 
the  values  of  these  stuiace  tensions  are  taken  from  the  work  of  others, 
and  are  usually  the  result  of  work  by  the  capillary  tube  method.  It  is 
therefore  evident  that  the  curves  representing  Morgan's  work  as  given  in 
Pig.  2  may  be  brought  down  to  the  same  general  level  as  the  experimental 
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correction  curve,  but  the  curves  cannot  be  made  coincident.  The  law 
of  Tate  might  be  said  to  hold  over  the  region  where  the  correction  curve 
is  horizontal,  but  this  is  the  case  only  where  the  curve  and  its  horizontal 
tangent  become  the  same.  This  is  not  strictly  the  case  for  any  part  of 
the  correction  curve,  but  when  the  corrections  are  determined  £rom 
Morgan's  work  it  is  seen  that  a  large  number  of  the  points  do  lie  on  a 
straight  horizontal  line;  on  the  other  hand  a  large  number  of  points  lie 
very  far  from  this  straight  line.  In  comparing  the  two  results  it  should 
be  remembered  that  the  lower  the  correction  factor,  and  therefore  the 
lower  the  curve,  the  higher  the  siuiace  tension,  so  that  values  obtained 
from  the  correction  curve  determined  by  the  writers  would  be  higher 
than  those  corresponding  to  Morgan's  values.* 

Such  great  care  has  been  taken  by  Morgan  in  his  work  that  it  would 
seem  worth  while  to  endeavor  to  find  a  cause  for  the  fact  that  the  correction 
curve  determined  by  us  is  so  closely  in  accord  with  Lohnstein's  theoretical 
work,  and  that  the  values  given  by  Morgan  for  small  values  of  rla  deviate 
so  widely  from  the  general  form  6f  the  correction  curve.  This  work  is 
now  being  done  by  Mr.  E.  D.  Wilson  in  this  laboratory.  He  is  beginning 
the  work  with  the  aim  of  making  more  complete  calculations  than  those 
of  Lohnstein,  and  at  the  same  time  to  introduce  into  the  equations  such 
factors  as  viscosity,  in  order  to  see  what  would  be  the  result  of  variations 
in  these  properties.  The  deviations  in  Morgan's  work  do  not  follow  the 
order  which  would  be  given  them  by  a  variation  of  any  one  of  the  follow- 
ing properties  of  the  liquids:  viscosity,  vapor  pressure,  density;  but  it 
is  of  course  possible  that  more  than  one  of  these  may  be  effective  at  the 
same  time.  The  effect  of  differences  of  vapor  pressure  in  changing  the 
volatility  of  the  liquid  should  not  enter  into  the  equations,  since  such 
effects 'should  be  eliminated  by  the  experimental  methods. 

The  use  of  very  small  tips  makes  the  value  of  the  function  of  rla  ap- 
proach the  value  one,  but  the  slope  of  the  curve  for  these  very  small  values  of 
r/a  is  so  great  that  it  is  difl&cult  to  tell  exactly  what  correction  to  apply. 
This  is  illustrated  by  the  irregularity  in  the  corrected  results  of  Antonow 

^  That  our  Umer  values  for  the  correction  factor,  that  is,  the  HiJMf  values  for  sur- 
face tension  are  more  apt  to  be  the  better,  is  confirmed  by  the  recent  work  of  Richards 
and  Coombs,  Tms  Journai^,  July,  1915,  who  obtain  surface-tension  values  for  benzene 
which  are  considerably  higher  than  those  found  by  the  capillary-tube  method  by  Ram- 
say ajid  Shields,  Renard  and  Guye,  and  Walden  and  Swinne.  The  deviation  is  of  the 
order  of  3%.  The  fact  that  Morgan's  results  give  a  higher  correction  factor  than  ours 
does  not  mean,  therefore,  that  his  drop  weights  are  as  a  whole  too  low,  but  it  indicates 
that  the  capiUary-hdght  method  has  in  the  past  given  results  which  are  In  general  too 
low,  for  Morgan  has  not  used  any  capillary-height  measurements  of  his  own,  but  seems 
to  have  determined  the  constant  of  his  equation  from  the  average  capillary*  height 
determinations  of  other  investigators.  The  discrepancy  is  therefore  due,  in  all  prob- 
ability, to  errors  in  the  capillary-height  methods  and,  not  to  deviations  in  the  weights 
of  the  drops  themselves. 
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oa  the  surface  tension  at  the  interface  water-benzene,  as  given  in  Table 
IV,  where  the  variation  amounts  to  8%  of  the  maximum  value. 

Tabids  IV. — ^ANtoNow's  DsTBRunrAnoNS  of  th«  Surface  Tbnsion  at  thb  Bsnzens- 
Watbr  Intbrfacr  by  th»  Usb  of  Eztrsmbly  SuAi,h  Tips. 

Radius  in  nun 0.13  0.175  0.350  0.630 

axa*  corrected 34-93  36.04  37-97  35-40* 

The  value  obtained  by  the  writers  with  larger  tips  is  34.18  dynes. 

The  correction  curve  is  now  most  accurately  known  between  the  values 
of  r/a  from  0.3  to  0.8,  since  that  is  the  more  common  range  for  the  tips 
which  have  been  available  for  work  on  the  liquid-liquid  interface.  Seven 
new  tips  are  now  available  for  use  and  the  corrections  from  0.8  to  larger 
values  of  r/a  will  be  made  more  accurate  by  further  work. 

The  writers  wish  to  express  their  indebtedness  to  the  American  Academy 
of  Sciences,  Arts,  and  Letters  for  a  grant  of  three  hundred  dollars  from 
the  C.  M.  Warren  Fund.  The  grant  will  be  used  in  a  continuation  of 
this  research.  The  work  described  in  papers  II,  III,  and  IV  of  this  series 
has  been  accomplished  by  the  use  of  this  fund. 

Cbicaoo,  III. 
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APPARATUS   FOR  THE  DETERMINATION  OF  THE   SURFACE 
TENSION  AT  THE  INTERFACE  BETWEEN  TWO  LIQUIDS. 

(SURFACE  TENSION  U.) 

By  Willlam  D.  Harkins  and  B.  C.  Humphsry. 
Received  October  22.  1915. 

The  surface  tension  at  the  interface  between  two  liquids  has  been  de- 
tennined  by  a  number  of  different  methods,^  but  of  these  only  two,  the 
method  of  the  falling  drop,  and  the  capillary-tube  method,  seem  well 
adapted  for  general  use.  The  importance  of  the  interfacial  tension  in 
work  in  colloidal  chemistry  and  in  biological  research,  makes  it  essential 
that  the  apparatus  for  the  determination  of  the  surface  tension  should 
be  of  better  design  than  that  which  has  been  used  in  most  of  the  research 
work  on  this  subject. 

The  Drop-Weight  Apparatus. 

The  most  essential  features  of  a  drop-weight  apparatus  are  that  the 
tip  shall  be  ground  almost  perfectly  round,  with  very  sharp  edges,  and 
that  the  diameter  of  the  tip  shall  be  of  the  proper  magnitude  to  give  a 
ratio  between  the  radius  of  the  tip  (r)  and  (a)  the  square  root  of  the  capil- 
lary constant,  such  that  the  Lohnstein  correction^  for  the  particular  value 

^  For  a  critical  account  of  twenty  methods  see  "A  critical  paper  by  Pergtison/' 
Science  Progress,  Jan.,  zgi5,  p.  428. 

*  For  an  explanation  of  the  Lohnstein  correction  see  the  paper  which  precedes  this 
one. 
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of  r/a  may  be  one  which  has  been  accurately  detemimed,  and  also  sndi 
that  this  correction  shall  not  vary  rapidly  with  the  radius.  The  neglect 
of  these  essential  conditions  has  been  so  general  that  this  method  in  prac- 
tically all  of  the  previous  work  on  interfadal  tension  has  been  very  in- 
accurate. Thus  Antonow  in  his  fundamental  work  on  the  relation  be- 
tween the  tension  at  the  interface  and  that  of  the  separate  phases,  evidently 
in  the  endeavor  to  make  the  correction  factor  dose  to  unity,  chose  tips 
with  very  small  diameters.  This  does,  as  a  matter  of  fact,  make  the  factor 
►  much  doser  to  unity  than  if  larger  tips  were  to  be  used,  but  it  also  makes 
the  correction  vary  greatly  as  the  value  of  rja  changes.  Thus  the  correc- 
tion factor  changes  its  value  from  i.poo  for  r/a  =  o  to  0.741  for  rja  =■ 
0.2,  or  a  variation  of  25.9%  over  a  range  of  0.2.  On  the  other  hand, 
when  larger  tips  are  taken  a  variation  of  ria  from  0.9  to  1.2  changes  the 
correction  by  only  0.2%  as  a  maximum  for  a  change  of  0.3  in  the  values 
of  rfa.  For  dropping  water  into  other  Uquids  the  tip  which  has  been  used 
most  largely  has  a  diameter  of  9.5  mm.,  which  is  very  satisfactory,  though 
when  dropping  water  downward  into  other  liquids,  the  diameter  should 
be  somewhat  greater  if  it  is  desired  that  the  correction  factor  shall  be  as 
constant  as  possible  for  different  liquids.  This  is,  however,  not  necessary, 
since  the  correction  curve  has  a  slight  slope  and  is  well  determined  in 
the  range  where  this  tip  is  used. 

The  apparatus,  but  not  its  supporting  stand,  is  shown  in  Pig.  3.  It 
consists  of  a  pipet  of  a  capadty  of  10  cc.  which  for  convenience  should 
be  made  smaller  if  much  smaller  drops  are  to  be  obtained,  either  on  ac- 
count of  the  use  of  a  smaller  tip,  or  because  of  a  greater  difference  of 
density  between  the  two  liquids.  Above  and  bdow  the  bulb  of  the  pipet 
the  stem  is  graduated  to  o.i  cc.  so  that  readings  may  be  made  to  o.oi  cc. 
In  order  to  give  a  better  control  of  the  drop  the  long  vertical  capillary 
tube  at  the  right  is  made  as  small  as  a  diameter  of  0.3  mm. 

The  short  arm  H  at  the  right  which  has  the  tip  at  its  lower  end  is 
sealed  into  a  large  glass  stopper,  £.  The  glass  beaker  P,  which  is  used 
to  hold  the  lighter  Uquid,  is  fastened  to  the  glass  stopper  by  means  of  a 
ground  joint  which  is  made  with  a  very  slight  slope,  and  a  longer  line  of 
contact  than  is  shown  in  the  figure.  The  apparatus  is  supported  by  a 
thick  sheet  of  aluminium  used  as  a  back,  and  on  the  top  of  this  rests  a 
platform  which  supports  a  level.  The  level  is  set  on  adjusting  screws, 
90  that  the  end  of  the  tip  may  be  set  horizontal.  The  back  and  the  plat- 
form are  supported  by  heavy  horizontal  rods  which  are  clamped  to  a 
vertical  30  mm.  rod.  This  is  fitted  into  a  heavy  tripod  with  three  leveling 
screws. 

The  lighter  of  the  two  liquids  used  in  the  determination  is  not  usually 
put  directly  into  the  beaker  P  but  into  a  smaller  glass  cyUnder  which 
rests  on  the  bottom  of  the  beaker,  since  the  beaker  is  so  large  that  it  re- 
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quires  a  large  amount  of  liquid.  The  apparatus  is  suppcnted  in  a  thermo- 
stat with  the  water  level  at  L.  The  tube  G  is  used  to  connect  the  beaker 
with  the  apparatus  used  for  the  production  of  a  sufficient  decrease  of  pres- 
sure so  that  the  drop  may  be 
drawn  over.  This  apparatus, 
C®  ®  I  while  extremely  simple,  should 
be  such  as  to  give  perfect  control 
of|the  drop.  It  consists  of  a 
buret  with  two  connecting  tubes . 
sealed  on  at  the  top.  Bach  of 
these  connecting  tubes  is  fitted 
with  a  glass  stopcock.^ 

The  procedure  used  in  making 
the  determination  is  to  first  fiU 
the  pipet  by  suction  imtil  the 
liquid  rises  to  the  0.2  or  0.3  mark 
on  the  upper  graduation,  the 
A  liquid  is  then  allowed  to  run  out 

until  it  stands  at  about  the  0.0 
cc.  mark,  when  a  damp  on  the 
rubber  tube  fastened  on  the  glass 
tube  at  A,  is  closed. 

Then  the  cylinder  containing 
the  lighter  liquid  is  adjusted  in 
the  beaker  P  and  the  metal  shelf 
on  which  the  beaker  rests  is 
lifted  to  hold  it.  Care  should  be 
taken  that  a  sufficient  amount 
of  the  liquid  is  used  to  raise  its 
level  about  i  cm.  above  the  lower 
edge  of  the  tip  when  the  beaker 
is  placed  in  its  final  position. 

The  apparatus  is  then  lowered 
into  the  thermostat,  and  allowed 
to  stand  from  35  to  50  minutes 
before  beginning  the  run.  When 
the  liquids  have  come  to  con- 
stant temperature  the  damp  at 
A   is   opened   and    the   heavier 

«.  ^,  *     r  J  •  ux  ^       liquid    sucked    back    into    the 

Fig.  3. — Glass  parts  of  drop  weight  apparatus,     "M"*^       " 

for  determinations  at  a  liquid-Uquid  inter-    pipet    until    its    surface   IS    jUst 
face.  beginning  to  enter  the  mouth  of 

'  For  a  description  of  this  apparatus  see  paper  by  Harldns  and  Brown,  p.  250. 
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the  tip.  The  height  of  the  liquid  in  the  upper  graduated  tube  is 
read  off.  The  tube  G  is  then  connected  by  a  rubber  tube  with  the 
suction  apparatus,  which  is  filled  with  mercury,  and  enough  mercury 
is  at  once  nm  out  so  that  the  drop  will  fall  in  from  3  to  2^/2  min- 
utes. This  causes  the  drop  to  form  rapidly  at  first,  and  with  extreme 
slowness  just  before  the  drop  falls.  If  it  is  seen  toward  the  end  of  the 
formation  of  the  drop  that  the  suction  is  insufficient  to  cause  it  to  fall, 
the  stopcock  at  the  bottom  of  the  suction  buret  is  rotated  quickly,  thus 
allowing  a  very  small  amount  of  merciuy  to  escape.  The  tube  at  the 
bottom  of  this  buret  is  drawn  down  to  a  capillary  in  order  to  help  keep  this 
amount  of  mercury  small.  These  precautions  are  taken  so  that  the  liquid 
in  the  drop,  just  before  its  fall,  may  be  as  free  from  currents,  and  from 
motion  as  a  whole,  as  is  possible.  It  is,  of  course,  impossible  to  reduce 
the  actual  dropping  of  the  drop  to  a  static  phenomenon. 

As  soon  as  the  liquid  in  the  pipet  falls  until  its  upper  siuiace  stands 
in  the  lower  graduated  tube,  it  is  drawn  back  until  it  again  just  begins 
to  enter  the  mouth  of  the  tip,  and  the  final  reading  of  volume  is  taken 
under  the  same  conditions  as  at  the  beginning  of  the  determination. 

In  order  that  the  volume  of  the  drop  may  be  converted  into  its  weight 
in  the  lighter  liquid,  the  densities  of  both  liquids  must  be  determined 
with  a  degree  of  accuracy  which  shoidd  be  increased  as  the  two  approach 
each  other  in  density.  For  the  more  accurate  determinations  a  new 
form  of  pycnometer  was  devised,  and  this  will  be  described  in  a  later  paper. 
Apparatus  for  the  Determination  of  the  Surface-Tension  at  the  Inter- 
face between  Two  Liquids  by  the  Capillary-Tube  Method. 

The  apparatus  used  for  the  determination  of  the  siuiace  tension  at 
the  interface  between  two  liquids  by  the  capillary-tube  method,  is  shown 


Fig.  4A. 
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in  Pig.  4^4,  B,  and  C.  The  base  of  the  stand  A  is  filled  with  lead  so  that 
it  may  rest  upon  a  supporting  pillar  and  still  support  the  capillary  tube 
in  the  thermostat.  The  stand  is  provided  with  levels  which  are  adjusted 
so  that  when  they  are  level  the  capillary  tube  is  vertical.  The  capillary 
tube  is  made  from  Jena  capillary  tubing  and  fits 
TtTj  through  the  holes  D,  D.     Its  top  rests  against  the 

•*  stop  E.    The  top  of  the  tube  serves  only  as  a  sup- 

port for  the  lower  part  and  may  therefore  be  re- 
placed by  a  metal  tube  or  rod.  The  support  B  is 
first  fastened  in  its  supporting  stand  at  I»  and  is 
fastened  by  the  set  screws  S,  S»  against  I,  which  is 
ground  so  that  both  surfaces  which  come  together 
at  I  are  flat. 

The  procedure  will  be  described  for  the  case 
where  water  is  taken  as  the  heavier  of  the  two 
liquids.  In  this  case  the  tube  C  is  filled  with  water 
until  H  is  completely  full  and  the  bulb  C^  is  also 


nearly  f ull»  but  not  so  full  that  the  large  meniscus 
which  forms  strikes  the  top  of  this  bulb.  The  capil- 
lary tube  is  steamed  out  for  some  time  before  it  is 
used.  This  precaution,  while  seemingly  very  simple, 
is  essential  if  the  best  results  are  to  be  obtained, 
since  it  puts  the  surface  of  the  glass  in  a  better  con- 
dition than  cleaning  by  a  cleaning  mixture,  or  the 
use  of  adds,  alkalies,  or  organic  solvents.  Any  of 
these  may  be  used  first  if  it  is  considered  advisable. 
The  capillary  tube  is  then  set  into  the  tube  M, 
and  lowered  by  the  ratchet  screw  R,  until  the 
top  opening  in  the  capillary  is  underneath  the 
surface  of  the  water,  and  all  of  the  air  is  dis- 
placed by  the  water.  The  upper  tubes  are  then 
filled  with  the  lighter  liquid  {e.  g.,  benzene)  and  after  the  liquids 
come  to  the  proper  temperature  in  the  thermostat,  the  capillary  tube 
is  raised  until  the  water-benzene  meniscus  falls  to  one  of  the  gradua- 
tions on  the  tube.  The  point  P,  which  is  made  of  platinum  and  should 
be  sharp,  is  lowered  until  it  touches  the  mirror  surface  of  the  benzene- 
water  interface  in  the  bulb  C.  If  the  slides  in  B  move  with  just  the  right 
amoimt  of  friction  this  adjustment  may  be  made  with  extreme  accuracy 
since  the  point  P  approaches  its  image  in  the  interface  and  the  moment 
the  two  touch,  the  water  surface  gives  a  slight  jtmip  upward.  The  ver- 
tical distance  between  the  platintmi  point  and  the  graduation  on  the  tube 

>  The  bulb  C  is  about  lOo  mm.  in  diameter,  and  has  therefore  a  much  larger  free 
liquid  surface  than  has  been  used  in  most  other  work  on  capillarity. 


Fig.  45.        Fig.  4C. 
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may  then  be  read  off  on  the  millimeter  scale  by  means  of  the  verniers, 
or  a  cathetometer  may  be  used  to  determine  the  distance.  The  ad- 
vantages in  the  use  of  this  instrument  are  (i)  that  it  holds  the  capillary 
tube  firmly  in  a  vertical  position,  and  (2)  that  the  ratchet  screws  allow  the 
adjustment  of  the  point  P  to  be  made  with  great  ease,  and  also  make  it 
easy  to  lower  the  capillary  tube  into  the  water  phase  and  then  raise  it 
until  the  meniscus  is  at  one  of  the  graduations  on  the  tube.  A  cathetom- 
eter may,  of  course,  be  used  to  measure  off  directly  the  distance  between 
the  upper  and  the  lower  meniscus,  and  the  work  recorded  here  has  been 
checked  by  measurements  made  in  this  way. 

The  results  obtained  by  the  use  of  this  method  are  much  more  concordant 
than  the  determinations  made  with  a  single  Uquid.  This  is  due  largely 
to  the  fact  that  with  water-benzene  a  1.4  mm.  tube  cotdd  be  used  and 
still  give  a  capillary  rise  of  78  mm.,  while  with  water  alone  in  a  tube  of 
2.0  mm.  diameter  the  rise  was  only  about  14  mm.,  so  that,  where  a  con- 
siderable height  of  the  capillary  column  is  desirable,  a  much  larger  tube 
may  be  used  for  the  determination  of  the  interfacial  tension.  This  is 
advantageous,  since  not  only  can  the  tube  be  cleaned  more  readily  and 
the  meniscus  kept  more  free  from  those  impurities  which  easily  collect 
on  a  small  stuiace  and  thus  vitiate  the  results,  but  in  addition  the  diameter 
of  the  tube  can  be  determined  more  accurately. 

The  Standard  Tube. 

One  difBculty  in  the  determination  of  the  surface  tension  of  a  single 
liquid  by  the  capillary  tube  method  is  that  the  diameter  of  the  tube  must, 
in  general,  be  determined  by  a  mercury  calibration,  and  this  is  tmsatis- 
factory  unless  extreme  care  is  taken  in  the  selection  of  the  capillary  tube, 
since  it  is  difficult  to  find  a  tube  which  has  the  same  diameter  at  different 
points  along  its  axis,  so  that  the  diameter  determined  by  the  calibration 
is  usually  not  that  of  the  tube  at  the  point  where  the  meniscus  stands, 
and  in  addition  the  tubes  are  not  round.  Two  methods  of  surmounting 
this  difficulty  suggested  themselves:  (i)  to  use  in  the  place  of  the  tube 
two  plates  of  optical  glass  with  flat  surfaces  practically  parallel  to  each 
other;  and  (2)  to  enlarge  the  hole  in  a  capillary  tube  by  turning  it  out 
on  a  very  acctu'ate  lathe,  and  thus  make  it  practically  round  and  of  the 
same  diameter  for  a  distance  of  a  few  centimeters.  This  latter  alter- 
native, seemingly  the  more  difficult  of  the  two,  is  the  only  one  which  has 
been  used  up  to  the  present  time.  The  tube  was  made  in  a  very  skillful 
way  by  Captain  A.  de  Khotinsky,  the  instrument  maker  for  this  labora- 
tory, and  by  whom  the  eight  tips  used  for  the  drop- weight  method  were 
ground.  These  tips  are  sharper  and  more  nearly  round  than  those  which 
may  be  purchased  from  the  makers  of  the  Morgan  drop-weight  apparatus, 
which  is,  however,  used  for  a  different  purpose  than  that  described  in  this 
paper. 

CmcAoo,  luu 
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THB  SURFACE  TENSION  AT  THE  INTERFACE  BETWEEN  TWO 

LIQUIDS,  AND  THE  EFFECT  OF  ACIDS,  SALTS  AND 

BASES  UPON  THE  INTERFACIAL  TENSION. 

(SURFACE  TENSION  IIL) 

.  By  William  D.  Haxkehs  and  B.  C.  HfTMPiRKY. 

RecdTcd  October  22.  1915. 

Only  a  very  few  accurate  measurements  have  been  made  upon  the 
interfadal  tension  between  two  liquids.  Table  I  gives  the  new  results 
which  have  been  obtained  by  the  use  of  the  capillary-tube  method.  The 
surface  tension  at  the  interface  water-benzene  between  o°  and  40°,  is 
given  by  the  equation 

«  -  35-54  (i  —  0.056O. 

The  effect  of  adds,  bases,  and  salts  upon  interfadal  tension  is  of  great 
interest  on  account  of  the  importance  of  this  effect  in  relation  to  colloids, 
and  therefore  it  is  also  of  great  interest  in  the  study  of  the  physiology 
of  plants  and  animals.  It  is  well  known  that  when  a  musde  is  at  rest 
it  gives  a  neutral  reaction,  but  when  it  becomes  active  the  reaction  changes 
to  add.  One  of  the  theories  of  muscular  motion  is  that  the  production 
of  carbonic,  lactic,  or  other  adds  is  caused  by  a  partial  decomposition 
of  chemical  compotmds  in  the  musdes,  that  this  production  of  add  causes 
a  change  in  the  electromotive  force  between  the  fibrilles  and  the  sarco- 
plasma,  and  that  this  in  turn  causes  a  change  in  the  surface  tension  at 
the  boundary  between  the  two  phases  which  is  sufiident  to  account  for 
the  motion  of  the  musdes.  Experiments  by  Haber  and  Ellemendewicz 
show  that  this  change  of  dectromotive  force,  if  produced  in  the  system 
benzene-water,  is  of  no  small  magnitude,  but  may  be  nearly  as  much  as 
one  volt  for  a  small  change  of  concentration  from  basic  to  add  near  the 
neutral  point.  Although  the  relation  between  the  chemical  change  and 
the  dectromotive  force  at  the  interface  is  thus  very  simple,  the  relaticms 
with  surface  tension  are  very  much  complicated  and  obscure.    The 

Tabls  I.— ^urfacb  Tensions  of  Watbr— -Liquid  X. 

Bensene. 


car- 

Di- 

bonate. 

methyl                 Tolu- 

Hex- 

25«. 

anillne.  Xylene,    ene. 

ane. 

Uquid.  10*.        20».        25«        30«        40*' 

Surf .  Tens.  (Dynes) . .34-98  3452   34x8  33-82   33.22    13.00   25.78  37.60  36.10  4954 

effect  of  different  concentrations  of  a  number  of  adds,  bases,  and  salts 
upon  the  interfadal  tension  benzene-water  is  shown  by  data 
given  in  Table  II  and  in  Pig.  5.  As  will  be  seen  from  this 
table,  the  inorganic  adds  have  only  a  small  effect  upon  the 
interfadal  tension,  but  the  organic  adds  have  a  considerable  effect, 
which  increases   with   the  change   from   formic   toward  but3rric  add. 
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The  data  are  given  for  only  one  base,  ammonium  hydroxide.  A  large 
number  of  determinations  have  been  made  by  the  drop-weight  method 
of  the  effect  of  highly  ionized  bases,  such  as  sodium  or  potassium  hydroxide. 
These  bases  lower  the  surface  tension  slightly,  and  the  results  obtained 
at  any  one  time  T^hen  the  same  solution  of  the  base  is  used,  agree  well, 
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Concentration  in  equivalents  per  liter. 

Pig.  5. — Surface  tensions  at  the  interface:    Aqueous  solution — ^Benzene. 

but  when  different  solutions  of  the  base  are  used,  or  when  the  solution 
has  been  allowed  to  stand  for  some  time,  the  results  vary.  The  capillary- 
tube  method  as  used  by  von  Lerch,'  is  extremely  inaccurate  when  a  highly 
ionized  base  is  present  in  the  aqueous  phase.  The  work  upon  the  strong 
bases  is  still  incomplete,  and  the  data  obtained  will  be  reserved  until  later. 

Tabls  II.— -Water  Soi*ution — ^Bbnzbnb. 
Hydrochloric  Add. 

Cone,  normal 0.000      0.0049    0.0098    0.0492    0.0980    0.987 

Surface  tension 34- 18      34-22      3421       34- 17      3423      3435 

Sulphuric  Add. 

Cone,  normal 0.000   0.0122     0.0242     0.0604    0.1208    0.2416    0.604     i-2o8 

Surface  tension  ...34.18    34- 16       3417       34-15       34-15       34- 18      3429    34-39 

Sodium  Chloride. 

Cone,  normal 0.000     0.0061   0.0123  0.0614  0.1228  0.2507  0.5205    1.034 

Surface  tension...  34.18     34-2i     3425     3433     34-49     3475      34-99     35-67 

Watbr  Solution— tBbnzbnb. 
Formic  Add. 

Cone,  normal 0.00    0.005  o.oio  0.0505  o.ioi  0.1935  0.2525  0.5275  0.881 

Surface  tension 34- 18  34- 19  34-22  3401     33-84  33-46    33-32     32.49     31-39 

1  Ann.  Phynk,  9>  434-41(1902). 
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Tabls  II  {continued). 
Acetic  Add. 

Cone,  normal o.ooo      0.103      0492        0.1034        0.2068        0.508 

Stuiace  tension...  34«i8      34. 01       33.56        33.02  31.99  29.24 

Butyric  Acid. 
Cone,  normal..^ . .     0.000      o.oio      0.020      o.ioo    0.200    0.300    0.500 
Surface  tension. ..  34.18      33.01       32.17      28.37     25.63     23.89    22.45 

Water  Solution — ^Bsnzsns. 
Ammonium  Hydroxide. 

Cone,  normal 0.000  0.0078  0.390  0.780 

Surf  ace  tension 34- 18  34.00  33.25  32.83 

Summary  of  Papers  I,  II,  and  HE. 

1.  The  capillary  tube  method  of  determining  surface  tension  has  been 
found  to  be  inaccurate  whenever  aqueous  solutions  of  bases  are  used, 
but  the  drop-weight  method  gives  accurate  results.  The  difference  is 
due  to  the  fact  that  in  the  capillary  tube  method  the  surface  of  the  liquid 
is  very  small,  which  makes  it  very  sensitive  to  the  action  of  impurities. 
In  this  method  too,  there  is  always  the  doubt  as  to  the  magnitude  of  the 
contact  angle.  The  surface  of  a  drop  such  as  is  used  in  drop-weight  de- 
terminations is,  on  the  other  hand,  relatively  large,  and  may  also  be 
formed  very  quickly,  thus  giving  a  fresh  surface,  and  the  theory  of  the 
form  of  the  drop  gives  no  indication  that  the  angle  of  contact  is  dependent 
upon  the  material  of  the  tip  if  the  tip  has  the  proper  form. 

2.  Lohnstein's  theory  as  to  the  form  of  the  function  which  must  be  in- 
serted in  the  equation  giving  the  siuf ace  tension  a  in  terms  of  the  weight 
of  the  falling  drop  (W),  has  been  tested  experimentally  at  the  interface 
between  two  liquids.  This  is  an  ideal  method  from  the  standpoint  of 
the  theory  of  the  formation  of  the  drop,  since  in  a  liquid  the  drop  falls 
much  more  slowly  than  in  a  gas.  Lohnstein  calculated  the  values  of  the 
function  of  r/a  in  the  equation  a  =  W[2Trf{r/a)].  When  Lohnstein's 
values  of  the  fimction  are  plotted  together  with  the  experimental  values 
as  in  Fig.  i,  it  is  seen  that  the  two  curves  have  exactly  the  same  form, 
especially  at  the  beginning  of  the  ctnr^e  where  fir/a)  =  i,  and  r/a  =  o. 
For  the  larger  values  of  r/a  the  experimental  curve  is  smooth,  while  the 
Lohnstein  curve  becomes  sinuous.  This  sinuosity  is  probably  the  effect 
of  a  failure  to  carry  the  integrations  to  a  sufficient  completeness,  which 
probably  resulted  from  the  extreme  laboriousness  of  a  complete  calcula- 
tion. Lohnstein's  values  are  not  accurate  to  a  greater  degree  than  4%, 
so  they  cannot  be  used  as  a  basis  for  accurate  work,  but  his  work  has  the 
great  value  that  it  proves  that  such  laws  as  that  of  Tate  are  only  approx- 
imations. The  experimental  curve  is  undoubtedly  more  accurate  than 
that  of  Lohnstein. 

3.  The  sinface  tension  ciu-ve  is  somewhat  flat  at  the  bottom,  and  Tate's 
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law  assumes  that  the  horizontal  tangent  is  the  same  as  the  curve.  How- 
ever, it  can  be  seen  from  the  form  of  the  curve  that  other  tangents  can  be 
drawn  which  approximate  the  curve  as  closely  as  that  which  is  horizontal, 
so  that  on  this  basis  laws  could  be  formulated,  each  as  good  as  that  of 
Tate  though  not  so  simple,  and  as  numerous  as  the  tangents  to  the  curve. 

4.  The  correction  curve  found  experimentally  is  lower  than  corresponds 
to  the  values  given  by  Morgan.  This  does  not  mean  that  Morgan's 
drop  weights  are  incorrect,  but  that  the  values  of  the  surface  tension  as 
determined  by  Ramsay  and  Shields  and  other  workers  by  the  capillary 
tube  method  are  too  low,  since  these  are  the  results  used  by  Morgan 
for  the  determination  of  the  constant  of  his  equation. 

5.  The  correction  factor  used  in  the  determination  of  surface  tension 
by  the  drop-weight  method  may  be  brought  very  close  to  the  value  one 
by  the  use  of  extremely  narrow  tips,  as  was  done  by  Antonow,  but 
this  is  very  inadvisable,  as  bis  results  show,  since  they  vary  by  8%. 

6.  A  surface  tension  apparatus  has  been  devised  for  the  accurate  de- 
termination oi  surface  tension  at  a  liquid-liquid  interface.  This  apparatus 
is  very  simple  to  set  up  and  easy  to  use.  It  can  be  used  for  the  determina- 
tion of  the  surface  tension  of  a  single  Uquid,  but  the  apparatus  described 
in  the  foiuth  paper  of  this  series  is  better  suited  for  this  purpose.  An- 
other apparatus  (Fig.  4),  designed  for  the  determination  of  the  surface 
tension  by  the '  capillary  tube  method,  is  described.  The  tube  which 
contained  the  large  meniscus  (Fig.  4C)  was  10  cm.  in  diameter,  and  to 
check  the  results  the  large  meniscus  was  made  about  15  centimeters  in 
a  glass  cylinder.  By  the  use  of  such  large  tubes  the  most  common  error 
in  capillary  height  measurements  was  avoided.  The  use  of  a  very  large 
lower  meniscus,  advocated  by  one  of  the  writers  at  the  Boston  meeting 
of  the  American  Chemical  Society,  in  1909,  and  also  in  this  paper  as 
read  before  the  National  Academy  in  December,  19 14,  is  considered  by 
Richards  and  Coombs  to  be  responsible  for  a  large  part  of  the  increase  in 
the  values  of  the  surface  tension  which  they  find  in  their  work  as  compared 
with  the  older  work  of  Ramsay  and  Shields  and  other  workers. 

7.  The  surface  tension  has  been  determined  at  the  interfaces  between 
water  and  the  following  liquids:  benzene,  ethyl  carbonate,  dimethyl 
aniline,  xylene,  toluene,  and  hexane.  The  results  at  the  interface  water- 
benzene  are  about  6%  higher  than  those  obtained  formerly  by  von  Letch 
or  by  Antonow.  This  is  interesting  in  that  it  is  a  change  in  the  same  di- 
rection as  that  found  by  Richards  and  Coombs  for  the  siniace  tension 
of  single  liquids. 

8.  The  eflfects  of  acids,  bases  and  salts  upon  the  surface  tension  at  the 
water-benzene  ^interface,  have  been  studied,  and  the  results  are  shown 
graphically  in  Fig.  5.  The  ejBFect  of  bases  is  much  smaller  than  was 
found  by  von  Lerdi,  for  example,  the  new  results  are  in  some  cases  as  much 
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as  35%  higher  than  the  older  ones.    The  diflFerence  in  the  results  is  due 
to  a  change  from  the  capillary  tube  to  the  drop-weight  method. 

Cbscaoo,  Iia. 
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The  importance  of  the  values  of  the  surface  tension  of  a  liquid  in  con- 
nection with  work  in  colloidal  chemistry,  on  molecular  association,  and 
such  technical  work  as  the  testing  of  soap,  makes  it  important  to  devise 
apparatus  for  the  determination  of  the  capillary  constant  which  is  at  the 
same  time  easy  to  use,  and  capable  of  giving  very  accurate  res.ilts.  The 
aim  of  the  designers  of  the  apparatus  here  described  has  been  to  construct 
an  apparatus  as  easy  or  easier  to  use  than  the  stalagmometer  of  Traube, 
or  of  Donnan,  and  also  so  well  designed  that  it  will  give  results  of  the  highest 
accuracy. 

The  new  apparatus  has  the  following  advantages:  The  surface  tension 
tips  are  very  perfectly  ground,  and  are  made  from  Jena  glass,  monel  metal, 
or  quartz;  no  cement  is  used  in  setting  in  the  tip,  so  the  danger  of  con- 
tamination is  eliminated;  the  apparatus  is  very  rigid;  one  tip  may  be 
taken  out,  and  another  one  substituted  in  less  than  five  minutes;  the  ap- 
paratus is  already  provided  with  a  leveling  arrangement  which  is  ex- 
tremely easy  to  set,  and  it  is  not  fragile.  Perhaps  the  greatest  advantage 
over  the  Morgan'  apparatus  lies  in  the  substitution  of  a  metal  construction 
for  glass,  and  the  consequent  elimination  of  cements,  amalgams,  linseed 
oil  and  plaster  of  Paris  mixtures,  and  wooden  or  glass  blocks.  The  setting . 
of  these  requires  a  great  amount  of  time,  and  this  is  apt  to  discourage 
the  worker  from  replacing  one  surface  tension  tip  by  a  more  suitable  one. 
In  the  new  apparatus  the  weighing  bottles  are  protected  from  the  water 
of  the  thermostat  by  a  nickel  plated  brass  box,  fastened  to  its  top  by 
thumb  screws,  and  with  a  joint  made  waterproof  by  a  rubber  gasket, 
R  (Figs.  I  and  2).  In  the  apparatus  as  described,  monel  metal  stoppers 
are  used  but  glass  stoppers  may  be  substituted  for  these  if  a  slight  change 
is  made  in  the  design,  as  indicated  in  the  last  part  of  the  paper. 

^  This  is  the  first  of  a  series  of  papers  on  surface  tension  to  be  presented  to  the 
University  of  Chicago  by  P.  E.  Brown  as  a  dissertation  m  part  fulfilment  of  the  re> 
quirements  for  the  Ph.D.  degree. 

*  Tms  Journal,  33, 349  (i9xx)- 
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Description  of  the  Apparatus. 
The  ftmdamental  requirements  of  a  first-class  drop-weight  apparatus 
are  that  the  glass  or  metal  tip  from  which  the  drop  is  suspended  must  be 
as  nearly  as  is  possible  a  perfect  circle,  and  that  the  edges  of  the  tip  must 
be  sharp.  ^  Above  the  tip  the  glass  capillary  is  ground  to  fit  into  a  monel 
metal  stopper,  which  in  turn  fits  into  the  weighing  bottle  into  which  the 


Fig.  I. 

drops  are  caused  to  fill.  This  glass  capillary  tube  is  bent  in  the  shape  of 
an  inverted  U,  and  the  other  limb  of  this  tube  is  inserted  through  a  second 
monel  metal  stopper  and  passes  down  into  a  second  weighing  bottle  which 
contains  the  liquid  whose  surface  tension  is  to  be  determined. 

The  two  weighing  bottles  with  their  two  monel  metal  stoppers  and  the 
dropping  tube  and  tip  are  supported  inside  of  a  rectangtdar  metal  box 
about  10  X  12  cm.  of  nickel  plated  brass,  with  two  large  glass  windows 
on  opposite  sides  so  that  the  interior  may  be  easily  observed.  The  ap- 
paratus is  kept  supported  in  a  water  filled  thermostat  during  a  measure- 
ment, and  this  outer  box  is  necessary  to  keep  the  weighing  bottles  dry; 
The  apparatus  is  supported  by  an  arm,  P,  which  is  a  part  of  the  column  B. 
The  arm  is  hollow  and  slides  on  the  rod  of  the  suitable  laboratory  support 
which  should  have  a  tripod  base  with  3  leveling  screws.  The  vertical  rod 
of  this  support  should  be  at  least  30  mm.  in  diameter. 

The  top  part  of  the  colmnn  B  terminates  in  a  circular  platform  with 

two  leveling  screws  and  a  resting  point  on  which  the  cross  level  L  is  placed. 

*  The  glass  tips  ground  by  the  instrument  maker  of  this  laboratory.  Captain  A.  de 

Khotinsky,  are  much  more  perfect  than  the  [writers  had  been  able  to  obtain  from  any 

other  source. 
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The  level,  by  means  of  the  two  leveling  screws,  can  be  easily  set  parallel 
to  the  drop  surface  of  the  surface  tension  tip  D,  thus  insuring  a  correct 
position  of  the  tip  whenever  the  instrument  is  leveled  by  means  of  the 
screws  in  the  base  of  the  support.  Two  tubes,  C,  C,  are  placed  in  the  cover 
and  these  are  made  of  sufficient  length  to  prevent  leakage  of  water  from 
the  constant  temperature  bath  into  the  apparatus  when  this  is  submerged 
5  cm.  below  the  water  line.  Through  these  tubes  are  fitted  two  smaller 
tubes,  one,  S,  a  suction  tube  for  drawing  air  out  from  the  weighing  bottle 

which  contains  the  dropping  tip.  This 
tube  is  fitted  at  the  top  with  a  corrugated 
tip  for  attaching  the  rubber  tube  which 
runs  to  a  buret  filled  with  mercury,  by 
means  of  which  air  may  be  drawn  from 
the  apparatus,  thus  causing  the  drop  to 
form  and  fall.  The  second  small  tube  A 
is  used  to  admit  air  to  the  other  weigh- 
ing bottle.  Attached  to  the  bottom  of 
each  of  these  small  tubes  is  the  slightly 
tapering  noncorrosive  monel  metal  stop- 
per which  fits  one  of  the  weighing  bottles. 
These  stoppers  have  two  holes  through 
them,  which  are  arranged  in  the  same 
R  way  as  in  a  two-hole  rubber  stopper  as 
sold  commercially,  except  that  the  hole 
which  carries  the  tip  is  as  close  to  the 
center  as  is  possible.  One  of  these  holes 
is  attached  to  the  small  metal  tube  just 
described,  and  into  the  other  is  fitted  the 
glass  capillary  tube  which  carries  the  tip. 
To  set  up  the  apparatus  and  make  a  sur- 
face tension  measurement  the  box  is  re- 
moved from  its  cover.  This  is  easily  done 
by  loosening  the  thumb  screws  (Fig.  i)  at 
ig.  2.       rop-weig  ^^  ^p  which  hold  it  tight  against  a  rub- 

ber gasket.  The  ground  tip  of  the  U  tube  is  then  inserted  in  the  stopper  to 
which  the  suction  tube  is  attached.  The  joint  is  air-tight.  The  top  of  the 
suction  rod  S  is  then  pushed  up  through  the  tube  C  until  the  top  bend  of 
the  surface  tension  tube  nearly  touches  the  cover  of  the  apparatus.  The 
atmospheric  tube  A  with  its  attached  monel  metal  stopper,  is  inserted  in 
the  tube  C  in  such  a  way  that  the  other  arm  of  the  surface  tension  tube 
passes  through  the  second  hole  of  the  stopper.  The  eccentric  arrangement 
of  the  supporting  tube  and  the  second  hole  in  the  stopper  makes  it  easy 
to  accommodate  any  inacctu-ades  in  the  bending  of  the  surface  tension  tube. 
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To  level  the  surface  tension  tip,  a  square  cover  glass  is  moistened  with 
glycerine  and  placed  on  the  grotmd  tip.  Then  the  apparatus  is  adjusted 
so  that  when  the  cover  sHp  is  viewed  from  one  comer  through  the  cathe- 
tometer  telescope,  the  three  visible  comers  are  in  a  straight  line.  Now 
the  leveling  screws  are  so  manipulated  that  both  bubbles  of  the  cross 
level  rest  at  zero,  and  then  they  are  clamped  in  this  position. 

A  weighing  bottle,  which  fits  the  stopper  provided  with  the  atmospheric 
tube,  is  filled  about  two-thirds  full  of  the  liquid  whose  — 

surface  tension  is  to  be  measured  and  set  on  the  stop- 
per. Friction  alone  will  easily  hold  it  if  it  is  properly 
groimd,^  and  this  is  very  easily  done,  since  the  sides  of 
the  stoppers  are  made  at  a' very  slight  angle  in  order  to 
give  a  long  line  of  contact.  One  advantage  of  the 
monel  metal  stoppers  is  that  they  are  so  hard  that  a 
large  number  of  weighing  bottles  may  be  ground  on  one 
stopper  without  any  appreciable  effect  upon  the  stop- 
per. Another  weighing  bottle  is  weighed  with  its  glass 
stopper,  and  is  then  fitted  on  the  monel  metal  stopper 
which  carries  the  surface  tension  tip.  A  mbber  tube 
is  attached  to  the  suction  tube,  and  is  connected  with 
the  special  buret  used  for  reducing  the  pressure. 

The  modification  in  the  design  of  the  stoppers  when 
they  are  made  from  glass,  is  shown  in  Fig.  3. 

The  Control  of  the  Drop. — In  the  determination  of 
surface  tension  by  the  drop-weight  method  it  is  very 
important  that  the  detachment  of  the  drop  from  the 
tip  shall  be  as  slow  as  is  possible,  since  in  no  other 
way  is  it  possible  to  obtain  a  considerable  degree  of 
constancy  in  the  weight  of  the  drop,  and  furthermore, 
the  simple  theory  developed  by  Lohnstein  for  the  cor- 
rection of  drop-weight  results,  is  based  upon  the  de- 
tachment of  the  drop  while  it  is  increasing  in  size  at 
only  an  infinitesimal  rate.  Fig-  3- — Glass  stop - 

The  apparatus  which  has  been  developed  for  the  J^^,;  ^^.^^e  ^'^^^^^^ 
control  of  the  drop  is  extremely  shnple,  and  consists  werght\ppara'tus'^'^^ 
of  a  dropping  tube  (Fig.  4)  fitted  with  three  stop- 
cocks. The  tube  is  filled  with  mercury  by  means  of  the  fimnel  C,  and 
is  attached  to  the  suction  tube  of  the  drop-weight  apparatus  by  a 
rubber  tube  connected  at  A.  *  When  it  is  desired  that  a  drop  be  formed, 
the  stopcocks  B  and  E  are  opened  and  D  is  closed.    The  merciuy  then 

*  Thus  an  experiment  showed  that  a  weight  of  1 100  g.  was  held  up  in  this 
way  when  the  weighing  bottle  was  set  on  only  moderately  tight*  so  that  it  could  be 
taken  off  with  a  fair  degree  of  ease.    There  is  therefore  no  need  of  any  other  support. 
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runs  in  a  stream  from  the  very  fine  tip  of  the  tube  at  P.    When  enough 
mercury  has  been  run  out  to  cause  the  drop  to  form  rather  rapidly,  the 

stopcock  £  is  dosed.  The  correct 
amount  to  run  out  depends  upon 
the  size  of  the  drop.  When  the 
drop  is  fully  formed  and  ready  to 
fall,  which  condition  is  readily  rec- 
ognized by  an  experienced  worker, 
the  stopcock  D  is  opened  to  bting 
the  apparatus  to  atmospheric  pres- 
sure, and  then  it  is  dosed.  The 
speed  of 'formation 
of  the  drop  is  thus 
reduced  to  prac- 
tically zero  in  a 
very  short  time. 
Then  the  stopcock 
£  is  rotated  half 
way  round  rather 
rapidly,  thus  allow- 
ing a  very  small 
amount  of  mercury 
to  escape  through 
the  fine  opening  F. 
The  extremely 
sUght  reduction  of 
pressure  which  re- 
sults, is  suffident 
under  these  circum- 
stances, to  cause 
the  drop  to  detach 
itself  from  the  tip  chanP^We  metal 
-      -  .  tips     for      drop- 

as  slowly  as  is  pos-  ^^^^  apparatus, 
sible. 

Interchangeable  Monel  Metal 
Tips. — Pig.  5  shows  a  mond  metal 
tip,  T,  and  the  method  of  holding 
it  on  the  glass  tip-holding  tube  G. 
The  glass  tube  is  ground  exactly  to 
fit  the  mond  metal  tip,  and  with 
such  a  sUght  angle  that  friction 
Pig.  4.-Apparatus  to  control  the  forma-  holds  on  the  tip  very  firmly.  Any 
tion  of  drops.  ntunber  of  tips  of  different  sizes  may 


Inter- 
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be  turned  to  fit  the  one  glass  tube.  The  tip  depicted  in  the  figure  is  2  cm. 
in  diameter,  and  is  for  use  in  the  apparatus  designed  by  Harkins  and 
Humphery  for  the  determination  of  the 
surf acet  ension  at  the  interface  between 
two  liquids.  When  used  with  the  appa- 
ratus described  in  this  paper  the  tip  is 
made  shorter.  These  shorter  tips  may  be 
used  in  either  form  of  the  apparatus. 

When  such  large  tips  are  used  the  Uquid 
will  not  completely  wet  the  tip  unless  the 
bottom  is  made  with  a  fine  grain.  If  the 
grain  is  coarse  the  diameter  of  the  tip  is 
affected  but  with  large  tips  it  should  not 
be  made  too  fine,  or  the  liquid  will  not 
spread  over  it.  To  prevent  spreading  the 
vertical  sides  of  the  tip  are  always  made 
with  a  high  poUsh. 

The  Thermoregulator. — In  some  sur-  j 

face  tension  work  it  is  desirable  to  have 
a  thermostat  whose  temperature  may  be 
varied  as  rapidly  as  possible,  and  with  a 
thermoregulator  which  is  accurate,  and 
which  can  also  be  set  at  once  to  regulate 
to  any  temperature  within  the  range  for 
which  it  was  designed. 

The  regulator  used  in  this  laboratory 
for  this  piupose  (Fig.  6)  was  designed  by 
Captain  d^e  Khotinsky,  and  possesses  a 
number  of  advantages  over  the  usual 
thermoregulator.  In  order  to  reduce  the 
lag,  and  make  it  respond  quickly  to 
changes  of  temperature,  it  is  made  from 
nickel  plated  steel  and  is  filled  with  mer- 
cury. The  great  advantage  of  the  steel 
tube  is  that  steel  has  about  66  times  the 
thermal  conductivity  of  glass.  While  or- 
dinary steel  has  a  higher  coefiicient  of  ex- 
pansion than  glass,  steels  high  in  nickel 
have  a  lower  coefficient,  and  steels  have 
been  made  even  with  a  negative  coef- 
ficient. Toluene,  which  is  often  used  to 
fill  thermoregulators,  is  about  sixty  times 
as  poor  a  conductor  of  heat  as  mercury.     I^ig.  6.— Metal  tbermoresulatof . 
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Its  supposed  advantage  comes  from  the  fact  that  it  has  about  twice  as 
great  a  coefficient  of  expansion,  but  this  is  not  an  advantage  after  all, 
since  the  heat  is  conducted  through  the  toluene  so  slowly  that  only  a  thin 
film  of  the  toluene  next  to  the  material  of  the  regulator,  changes  its  tempera- 
ture, so  the  effective  expansion  is  usually  less  than  that  of  mercury.  The 
following  approximate  data  make  it  easy  to  compare  these  different  ma- 
terials. 

Linear  coefficient  Thermal 

of  expanson.  conductivity. 

Liquids: 

Toluene 0.000366  0.000307 

Merciuy 0.000x82  0.0177 

Solids: 

Soft  glass 0.0000094  0.0015 

Jena  hard  glass 0.0000073  

Iron 0.00000118  .... 

Nickel  steel,  high  in  Ni 0.0000050  o.  100 

At  the  suggestion  of  one  of  the  writers  Captain  de  Khotinsky  has  pro- 
vided this  thermoregulator  with  a  glass  capillary  tube,  B,  which  makes 
visible  the  contact  between  the  platinum  point  and  the  small  mercury 
meniscus.  This  capillary  is  ground  to  fit  exactly  the  metal  parts,  and  this 
gives  the  advantage  that  the  platinum  contact  point  is  exactly  centered, 
which  is  very  important. 

This  regulator  can  be  set  very  quickly  at  any  temperature  from  i** 
to  97°  by  turning  the  regulating  screw  A.  For  the  more  delicate  ad- 
justment the  screw  F  is  turned  and  the  check  nut  H  is  set.  The  apparatus 
may  be  filled  by  releasing  the  set  screw  K,  unscrewing  the  thermoregu- 
lating  head-screw  A,  and  adding  mercury  up  to  within  10  mm.  from  the 
top  G.  The  regulating  head-screw  is  then  replaced  and  turned  until  the 
milled  head  A  comes  to  within  i  mm.  of  the  shoulder  G.  Next  the  cap 
D  is  unscrewed  and  all  the  mercury  above  the  capillary  glass  tube  B  is 
removed.  The  meniscus  is  brought  into  the  proper  position  in  the  capil- 
lary by  turning  the  head-screw  A.  The  capillary  may  be  cleaned  by  un- 
screwing the  head-screw,  and  pushing  a  small  ball  of  absorbent  cotton 
through  the  capillary.  It  is  important  that  the  hollow  cones  at  E  and  T 
be  cut  into  the  top  and  bottom  of  the  capillary  tube. 

At  N  is  screwed  on  the  steel  tube  containing  the  greater  part  of  the 
mercury..  When  a  very  deUcate  regulation  of  the  temperature  is  de- 
sired, several  tubes  joined  together  at  the  top  are  substituted  for  this  one 
tube. 

The  writers  wish  to  express  their  indebtedness  to  the  Warren  Fund  of  the 
American  Academy  of  Arts  and  Sciences  for  financial  aid  in  the  develop- 
ment of  the  surface  tension  apparatus. 
CmcAoo,  IhL. 
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[CoMTRiBin'iQN  ntOM  THB  SCHOOL  OP  Chbiostrt,  UNivSKsmr  OP  Virginia.] 

THE  DIFFUSION  OF  IODINE  IN  POTASSIUM  IODIDE 
SOLUTIONS.* 

By  Obahak  Bdoar  and  Stsklimo  H.  Dioos. 
Rccehred  October  22.  1915. 

A  few  years  ago  a  series  of  papers  appeared  in  the  American  Journal  of 
Science,  by  Van  Name  and  his  co-workers,*  dealing  with  the  rates  of  re- 
action of  metals  with  halogens  dissolved  in  solutions  of  metallic  halides. 
In  these  papers  it  was  shown  that  numerous  metals  react  with  a  given 
solution  of,  say,  iodine  dissolved  in  potassium  iodide  solution,  at  a  rate 
which  is  independent  of  the  nature  of  the  metal.  This  is  in  harmony 
with  the  diffusion  theory  of  heterogeneous  reaction,'  according  to  which 
the  rate  of  such  reactions  is  determined  by  the  rate  of  diffusion  of  the 
iodine  to  the  metal  and  is  independent  of  the  metal.  In  the  above  papers, 
however,  a  fact  was  brought  out  which  seemed  to  merit  further  investi- 
gation. This  was  the  unexpected  result  that  the  rate  of  reaction  of  iodine 
with  metals  was  markedly  influenced  by  the  concentration  of  the  po- 
tassium iodide  in  which  the  iodine  was  dissolved,  an  increase  in  the  con- 
centration of  the  potassium  iodide  producing  a  marked  increase  in  the 
rate  of  the  reaction.  This  would  be  in  accord  with  the  diffusion  theory 
only  if  iodine  diffuses  more  rapidly  in  a  concentrated  solution  of  potassium 
iodide  than  in  a  dilute  one.  No  reUable  data  on  this  point  were  available, 
and  the  present  paper  deals  with  the  experimental  investigation  of  the 
subject. 

Apparatus  and  Technique. 

The  first  determinations  were  made  in  a  diffusion  cylinder  similar  to 
that  employed  by  Scheffer,*  and  Stefan,  *  using  a  four-layer  system,  and 
calculating  the  .diffusion  constant  with  the  aid  of  the  tables  of  Stefan. 
This  method  proved  unsatisfactory  in  the  case  of  the  solutions  investi- 
gated, partially  because  of  the  very  slight  difference  in  specific  gravity 
of  the  layers,  and  partially  because  of  the  length  of  time  necessary  for 
the  completion  of  a  single  experiment  (about  8  days);  during  which  any 
variation  of  temperature,  or  any  jarring  would  cause  a  complete  loss. 
The  method  finally  employed  was  a  two-layer  system,  and  the  method 
of  employing  it  will  be  described  in  some  detail.  Glass  diffusion  cylinders 
were  used,  of  a  capacity  about  35  cc,  and  a  length  about  8  cm.    They 

1  The  data  given  in  this  paper  are  taken  from  Bull.  Philosophical  Soc.,  University 
of  Virginia,  Scientific  Series,  Vol.  1,  pp.  477-512  (19 14). 

*  .Van  Name  and  Edgar,  i4m.  J.  Set.,  29,  237;  Van  Name  and  Bosworth,  Ibid,,  32, 
207;  Van  Name  and  Hill,  Ibid.,  Jan.,  19x4. 

>  Nemst  and  Brunner,  Z.  phys.  Chem.,  47,  52  and  56;  Van  Name  and  Edgar,  loc, 

*  Z.  physik.  Chem.,  a,  390. 

*  Wiener,  Abad.  Btr.,  79,  161. 
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were  made  with  very  flat  bottoms  and  true  cylindrical  sides.     These 
cylinders  were  fitted  with  tightly  fitting  corks,  through  which  passed 
a  separatory  funnel  terminating  in  a  fine  capillary,  and  a  bent  capillary 
tube  through  which  to  remove  the  layers.    Fig.  i  is  self  explanatory. 
A  determination  was  carried  out  as  follows:   The  cylinder  was  rigidly 
supported  in  a  sensitive  thermostat  and  allowed  to  reach 
the  temperattu-e  of  the  bath  (usually  25°).    About  15  cc. 
of  pure  potassium  iodide  solution  was  then  carefully  in- 
troduced through  the  separatory  funnel  and  run  into  the 
cylinder.    After  a  few  minutes,  exactly  the  same  amount 
of  a  solution  of  iodine  in  potassium  iodide  was  introduced 
in  the  same  way,  being  run  in  under  the  first  layer. 
,    The  concentration  of  potassium  iodide  in  the  two  layers 
was  identical.    After  three  or  foiu-  days  the  two  layers 
were  removed  for  analysis.    This  was  accomplished  by 
very  carefully  running  a  concentrated  solution  of  potas- 
sium iodide  into  the  cylinder  under  the  two  layers  and 
gradually  raising  the  level  tmtil  the  top  layer  had  just 
appeared  at  the  mouth  of  the  exit  tube  at  a.     Any  liquid 
remaining  in  the  separatory  funnel  was  then  carefully 
removed  with  a  roll  of  filter  paper,  and  an  amount  of 
concentrated  potassium  iodide  solution  exactly  equal  to 
the  volume  of  the  first  layer  was  measured  into  the  funnel 
*^  '  r  d*  "^°"  ^^^  ^^^  ^^^  ^^^  cylinder,  thus  displacing  at  a  the  liquid 
in  the  top  layer.    This  was  then  analyzed  for  iodine  by 
titration  with  dilute  sodium  thiosulfate  solution.    The  iodine  in  the  bot- 
tom layer  was  determined  by  subtracting  that  in  the  top  layer  from  the 
total  amount  originally  introduced  (also  determined  by  titration).    The 
diffusion  constant  is  calculated  from  these  data  with  the  aid  of  the  fol- 
lowing formula : 

r*  2.30  -       8.        Vo 


K  =  V  -  -  log  ^ 


t         TC  "     TT^    Vo   —  Vl 

where  r  is  the  total  length  of  the  liquid  column  in  the  cylinder;  /  the  time 
of  diffusion,  in  days;  V©  the  total  amount  of  iodine  in  the  cylinder,  and 
Vi  the  iodine  in  the  top  layer.  The  derivation  of  this  formula  is  given 
in  full  in  Bull.  Philosoph.  Soc,^  U.  Va.,  referred  to  above. 

Even  with  the  improved  method,  numerous  determinations  came  to 
grief  through  accidental  errors  of  technique,  fluctuations  of  the  thermo- 
stat temperature  caused  by  breaks  in  the  city  electric  current,  vibration 
of  the  building,  and  other  sources.  The  tables  give  all  of  the  results 
which  the  authors  believe  to  be  free  from  other  than  average  experimental 
error.  In  all  cases  duplicate  results  were  obtained,  usually  four  cylinders 
being  run  at  the  same  time.    This  is  quite  jiecessary,  as  a  two-layer 
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system  giv£S  no  check  with  the  lower  layer,  while  the  four-layer  system 
should  give  three  checks  on  each  determination. 

In  addition  to  the  diffusion  data,  the  fluidity  of  the  potassitun  iodide 
solutions  used  was  measured  for  piuposes  of  comparison.  The  measure- 
ments of  fluidity  were  carried  out  in  the  usual  Ostwald  viscosity  tube, 
no  especial  care  being  taken  to  achieve  the  highest  degree  of  acctu-acy, 
since  the  purpose  of  the  measurements  was  purely  for  comparison. 

The  diffusion  of  iodine  (about  0.05  N  in  ah  cases)  was  measured  in 
potassium  iodide  solutions  of  concentrations  0.25  N,  0.5  N,  N,  2  N,  3  N, 
and  4.5  N.  The  fluidity  of  all  of  the  potassium  iodide  solutions  was  also 
measured.    The  results  follow. 


Tablb    I. — Diffusion    of    Iodinb    in 
Potassium  Iodids Solution  (2$"*). 

Normality  of  Kli,  Vto.    Normality  of  Kl, 
0.25. 


ja- 
ws . 
a  9  a 


i« 


7.60  58.0  3.70  49.05  14.40  1.083 
7-57  57.3  3.70  49.05  14.50  1.080 
7.57  57.3  3.70  49.05  14.50  1.080 


Tabls   JII. — Diffusion   of   Iodinb   in 
Potassium    Iodidb    Solution. 

.Normality  of  Kit,  */io.      Normality  of 
Kl,  I. 

♦  /.  fi.  days.  Vo.  Vi.  Temp.  K.  25  •. 
^  7-54  56.9  3.72  26.20  8.18  25.0®  1.20  1.20 
b  7.56  57.2  3.73  26.20  8.18  25.0*  1. 19     1. 19 

a  7.5456.94.01  26.508.51  24.8''  1. 175  1. 18* 

*  7-56  57.2  4.o!2  26.50  8.54  24.8®  1. 183  1.19^ 
c  7.60  58.0  4.02  26.50  8.52  24.8  ^  1 .  194 1 .20* 

Mean,   1.195 


Mean,   1.08 


Tabus    II. — Diffusion    of'  Iodinb    in 
Potassium  loDmB  Solution  (25*). 

Normality   of   Kit,    Vto.  Normality   of 
Kl,  0.5. 
•      I.         IK         t.         Vo.        Vi.        K. 

a'  7.48  56.2 '3.68  39.00  11.80  I. 10 

«    7.57  57.3  3.69  39.00  11.50  1.09 

^    7.57  57.3  3.75  39.40  11.70  1.07 

«    7.57  57.3  3.75  39.40  11.70  1.07 

c    7.60  58.0  3.73  42.00  12.40  1.07 

^    7-57  57-3  3.73  42.00  12.50  1.08 

*    7.57  57.3  3.73  42.00  12.50  1.08 

Mean,  1.08 

•  Asterisk  refers  to  the  particular  cylinder 
used. 


Tablb   IV. — Diffusion    of   Iodinb   in 
Potassium    Iodidb    Solution     (25®). 


Normality   of   Kit,    Vto. 
KI,  2. 


Normality   of 


♦  /.  I*.        t.         Vo.         Vi.  K&2S\ 

a'  7.48  56.2  2.94  35.32  10.20  1.25 
c  7.60  58.0  2.94  35.32  10.15  1.26 
d      7.57  57.3  2.94  3532  10.26  1.27 

Mean,  1.26 

^  Calculated  by  extrapolation,  with  the 
aid  of  the  formula  of  Nemst. 
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Tabxa    v.— DnfifusiON    of    Iodinb    in     Table 
Potassium    Iodidb    Solution    (25°). 


VII. — ^Fluidity    of 
Iodidb  Solution. 


POTASSXUIC 


Normality    of 


Nonnality    of   Kit,    ^ 
KI,  3. 

♦  /.         /«.         /.         Vo.  Vi.    K@25*. 

c  7.60  58.0  3.21   48.30  14.30  1.255 

a'  7.48  56.2  3.74  48.60  15.85  1.285 

c  7.60  58.0  3.74  48.60  15.75  1.300 

d  7.57  573  3.74  48.60  15.50  1.250 

a'  7.48  56.2  3.06  48.90  14.45  1.275 

c  7.60  58.0  3.06  48.90  14.30  1.286 

d  7.57  57-3  3.06  48.90  14.30  1.275 

e  7.57  57.3  3.06  48.90  14.30  1.275 

a'  7.48  56.2  2.92  51.00  14.95  1.268 

Mean,*  x.275 

Tablb   VI. — Diffusion   of   Iodinb   pj 
Potassium    Iodidb    Solution    (25"). 

Normality   of   KI»,    V«o.    Nonnality   of 
KI,  4.5. 

•  /.  l\         L         Vo.         Vi.      K^25^ 

a'  7.48  56.2  3.15  44.75  13.501  (1.29) 

1.28 
c  7.60  58.0  3.15  44.7s  I3-20  1.27 
d    7.57  57.3  3.15  44.75  13.30   1.27 

Mean,  1.275 
^  In  this  case  2  drops  too  much  were 
drawn  off  with  the  layer  titrated.    Making 
the  correction,  we  obtain  the  unbracketed 
value  for  K  given  above. 


Normality. 
KL 

0.125 

0.250 

0.500 

0.750 

1. 000 

1.500 

2.000 

2.500 

3.000 

3.500 

4.000 

4.500 

5.000 


Time  of    Fluidity 
flow.      (rel.  25  «0. 


44.4 
43.8 
41.8 
40.2 
38.6 
36.2 
34.2 
32.6 

31.4 


1. 010 
1. 0x0 
1.025 

1.035 
1.050 
1.060 
1.070 
1.070 
1.070 
1.060 
1.042 
1.020 
0.996 


Tablb  VIII. 


Density. 
I. 0125 
1 .0275 
1.0580 
1.0890 
I.II80 
I. 1760 
1.2360 
I . 2950 
1.3520 
I. 4165 
1.4680 
1.5260 
1.5830 


Normal- 
ity. KI. 

0.250 

0.500 

0.600 

1. 000 

1.200 

2.000 

2.400 

3.000 

4.500 

^  Mean 
Taken  from 


Fluidity 

(rel.25<*).  Di£F.  const.  React,  yel. 
KI.        Ifl  in  KI.   censtants.1 


1. 010 

1.080 

1.025 

1.080 

8.75 

1.050 

1. 195 

9.58 

1.070 

1.260 

10.15 

1.070 

1.280 

1.020 

1.280 

for  Hg,   Cu,   Cd,   and  Zn. 
Van  Name,  Edgar,  loc.  cU, 


Discussion  of  Results. 

Tables  I  to  VI  contain  diffusion  data  for  iodine  diffusing  in  Ell  solutions 
0.25 iV,  0.5 N,  N,  2N,^N and  4.5 N.  Table  VII  contains  measurements 
of  fluidity  of  KI  solutions.  Table  VIII  contains  a  summary  of  the  data 
obtained,  and  a  comparison  of  the  rates  of  diffusion  and  of  reaction  of 
iodine  solutions,  with  their  fluidity. 

(1)  The  Relation  of  the  Reaction  Velocity  of  Iodine  Solutions  to 
Their  Rates  of  Diffusion. — A  brief  survey  of  Table  VIII  shows  that 
the  results  obtained  for  the  rate  of  diffusion  of  iodine  in  solutions 
of  KI  of  different  concentrations  are  quite  in  accord  with  the  re- 
sults for  reaction  velocity  of  these  solutions  obtained  by  Van  Name 
and  his  co-workers.  The  rate  of  diffusion  increases  with  the 
concentration  of  the  KI  during  the  range  of  concentrations  through 
which    Van    Name    worked,    and    furthermore,     the    amount    of    in- 
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crease  is  distinctly  of  the  same  order  of  magnitude  as  the  increase  in  the 
velocity  constants,  so  that  we  can  say  that  the  results  are  thoroughly 
in  accord  with  the  diffusion  theory  of  heterogeneous  reactions,  insofar  as 
this  theory  applies  to  the  reaction  between  iodine  solutions  and  the  metals 
studied  by  Van  Name. 

(2)  The  Reasons  for  the  Influence  of  KI  on  the  Rate  of  Diffusion  of 
Iodine. — ^This  subject  must  be  considered  much  more  carefully,  and  will  be 
treated  under  several  heads. 

(a)  The  Condition  of  the  Dissolved  Iodine. — ^The  work  of  Leblanc  and 
Noyes,^  Jakowkin,*  A.  A.  Noyes'  and  others  has  shown  that  practically 
no  iodine  is  present  as  such  in  potassium  iodide  solutions,  practically 
all  of  it  combining  with  the  KI  to  form  EJ3.  In  solutions  containing 
a  large  excess  of  El,  such  as  were  dealt  with  in  this  investigation  the  free 
iodine  in  the  solution  may  be  neglected,  as  having  no  influence  on  the 
change  in  the  rate  of  diffusion. 

KI»  in  dilute  solution  is  probably  largely  dissociated  into  K+  and  I3"", 
and  this  dissociation  must  necessarily  be  somewhat  less  in  the  concen- 
trated solutions  of  KI  than  in  the  more  dilute  ones,  due  to  the  effect  of 
the  excess  of  the  common  K  ion.  We  are  therefore  dealing  with  the 
diffusion  of  KU  and  h"  ions,  and  not  with  free  iodine. 

(b)  The  Influence  of  KI  on  the  Diffusion  of  KU  and  h'- — Concerning 
the  influence  of  ELI  on  the  rate  of  diffusion  of  undissodated  KI«  we  can 
say  very  little,  though  it  seems  most  probable  that  it  must  be  indirect — 
a^  for  example,  by  influencing  the  fluidity  of  the  solution,  a  factor  which 
will  be  treated  later.  Concerning  the  actual  rate  of  diffusion  of  undis- 
sociated  KIs  as  compared  with  that  of  Is~  ions  and  K+  ions,  we  can  only 
say  that,  in  general,  the  rate  of  diffusion  of  an  un-iomzed  molecule  is 
considerably  less  than  that  of  its  ions.  Any  increase  in  the  relative 
amount  of  Kh  in  the  more  concentrated  KI  solutions  would  therefore 
have  the  effect  of  decreasing  the  total  rate  of  diffusion  of  the  iodine,  aU 
other  forces  being  equal. 

The  influence  of  KI  on  the  rate  of  diffusion  of  Is~  ions  may  be  discussed 
according  to  the  principles  laid  down  by  Abegg  and  Bose^  on  the  sub- 
ject of  the  influence  of  a  common  ion  on  the  rate  of  diffusion  of  an  electro- 
lyte. The  authors  show  that  for  many  substances  the  rate  of  diffusion 
of  an  electrolyte  is  decreased  by  the  addition  of  an  electrolyte  containing 
a  conmion  ion  if  the  common  ion  is  the  faster  of  the  two,  and  increased  if 
the  common  ion  is  the  slower  of  the  two.  In  our  case  the  common  K+ 
ion  with  its  migration  velocity^  of  about  74.8  is  much  faster  than  the  Is" 

^  Z.  pkysik.  Chem,,  6, 401. 
'  Ibid,,  20,  19. 
» Jhid.,  37,  357. 

*  Z.  pkysik,  Chem.,  30,  545. 

*  Bray  and  MacKay«  Tms  Jottrkai^,  32,  914  (1910). 


Digitized  by  VjOOQIC 


258  GRAHAM  EDGAR  AND  STIRLING  H.  DIGGS. 

ion  with  its  migration  velocity  of  about  41.0,  so  that  the  influence  of 
increasing  the  concentration  of  the  KI  should  decrease  that  rate  of  diffusion 
of  the  Is",  if  Abegg  and  Bose's  theory  be  correct. 

(f)  The  Influence  of  the  Fluidity  of  the  Solution.— That  fluidity  has  a 
marked  effect  upon  rates  of  diffusion  is  well  known,  and  since  solutions  of 
potassium  salts  in  general  have  high  fluidity,  it  might  be  expected  that 
this  influence  alone  would  account  for  the  observed  increase  in  the  rate 
of  diffusion  of  the  iodine  with  increasing  KI  concentration.  An  examina- 
tion of  Table  VIII,  however,  will  show  that  this  is  not  the  case.  The 
fluidity  of  0.25  N  KI  is  i.oio  at  25**,  and  this  increases  steadily  imtil  a 
maximum  is  reached  at  about  2.5  N,  where  the  value  is  1.070.  After 
this  the  fluidity  drops  rapidly,  so  that  at  4.5  N  the  value  is  1.020,  and  at 
5  N  only  0.996.  On  the  other  hand,  the  diffusion  constant  rises  much 
more  rapidly  and  becomes  uniform  at  about  2.5  N.  The  value  of  the 
diffusion  constant  at  3  iV  is  nearly  20%  higher  than  that  at  0.50  N,  while 
the  corresponding  rise  in  the  fluidity  curve  is  only  about  5%.  A  still 
more  strildng  illustration  of  the  fact  that  fluidity  alone  will  not  account 
for  the  increasing  diffusion  rate  is  found  by  comparing  the  figures  for 
fluidity  and  diffusion  in  concentrations  of  KI  0.5  iV,  and  4.5  N.  The 
fluidities  are  almost  identical,  the  more  dilute  solution  being  slightly 
higher,  while  there  is  an  increase  in  the  diffusion  constant  of  almost  20%. 
It  is  thus  obvious  that  the  effect  of  increasing  KI  concentration  on  the 
rate  of  diffusion  of  iodine  cannot  be  explained  by  the  increase  in  fluidity 
alone.  Recapitulating,  we  may  say  that  factors  b  and  c,  treated  above, 
seem  entirely  inadequate  to  explain  the  increase  in  the  rate  of  diffusion 
of  iodine  with  increasing  KI  concentration  which  is  shown  in  Tables 
I  to  VII.  Factor  b  should  work  in  the  opposite  direction,  if  at  all,  and  factor 
c  seems  entirely  inadequate  to  account  for  the  results.  The  authors 
do  not,  at  the  present  time,  attempt  to  offer  any  explanation  for  the 
observed  facts.  It  would  be  interesting  to  investigate  other  metallic 
iodides  in  a  similar  way,  and  perhaps  sufficient  data  might  be  obtained 
in  this  way  to  enable  a  sound  theory  to  be  advanced  to  accoimt  for  the 
facts  given  in  this  article. 

Summary. 

1.  The  rate  of  diffusion  of  iodine  dissolved  in  potassium  iodide  solu- 
tions of  different  concentrations  has  been  measured  at  25°.  Increase 
in  the  concentration  of  the  KI  causes,  in  general,  a  marked  increase  in 
the  rate  of  diffusion  of  the  iodine.  The  fluidity  curve  of  KI  has  also 
been  determined  at  25  °  for  a  wide  range  of  concentration. 

2.  The  results  bear  on  the  work  of  Van  Name  and  others  on  the  rate 
of  solution  of  metals  in  iodine  solutions,  and  entirely  corroborate  the 
conclusions  of  these  writers  that  these  reactions  are  governed  by  the 
rate  of  diffusion  of  the  iodine,  under  the  conditions  of  their  experiments. 
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3.  No  satisfactory  explanation  of  the  influence  of  the  KI  on  the  6iSn- 
sion  of  iodine,  is  offered,  though  ^several  possible  explanations  are  con- 
sidered. 

UrnvKsaiTTp  VnoDfiA. 
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Harvard  Coiasgs.] 

THE  DENSITIES  AND  CUBICAL  COEFFICIENTS  OF  EXPANSION 
OF  THE  HALOGEN  SALTS  OF  SODIUM,  POTAS- 
SIUM, RUBIDIUM  AND  CESIUM. 

By  Gbboosy  Paul  Baztbk  and  Curtis  Cu^ytoii  Waiaach. 
Recdved  November  IS.  1915. 

For  purposes  of  computation  in  the  preceding  paper  upon  ''Changes 
in  Volume  upon  Solution  in  Water  of  the  Halogen  Salts  of  Alkalis"  it 
was  necessary  to  know  the  densities  of  the  solid  salts  at  different  tempera- 
tures. Since  neither  these  values  nor  the  coefficients  of  expansion  of  the 
salts  have  been  f otmd  with  acciu-acy,  the  problem  of  determining  the  densi- 
ties over  the  necessary  range  in  temperature,  and  thus  the  coefficients 
of  expansion,  was  undertaken. 

The  method  employed  was  that  of  displacement  of  toluene.  In  order 
to  reduce  the  effect  of  the  errors  of  experiment,  a  very  considerable  quantity 
of  salt  was  used.  Furthermore,  especial  pains  were  taken,  first  in  dr3ring 
the  salt,  and  second,  in  freeing  it  as  far  as  possible  from  entangled  air 
when  immersed  in  toluene  in  the  pycnometer. 

The  pycnometer  itself,  instead  of  being  of  the  ordinary  stoppered  form 
for  solids,  was  merely  a  25  cc.  graduated  flask,  the  neck  of  which  was  very 
much  constricted  at  one  point  to  increase  accuracy  in  adjusting  the  volume 
of  its  contents.  The  diameter  of  the  constriction  was  about  2.5  mm. 
which  secured  an  acctu-acy  in  setting  of  about  0.3  mg.  of  toluene.  This 
form  of  pycnometer  has  the  advantages,  first  that  the  ground  surface  is 
not  wet  with  liqtiid  and  hence  there  is  no  difficulty  from  evaporation, 
second  that  the  neck  of  the  flask  serves  as  a  reservoir  when  used  at  low 
temperatures. 

The  volume  of  the  flask  at  different  temperatures  was  found  by  weighing 
it  full  of  water  after  the  liquid  had  been  set  at  the  mark  in  the  thermostats 
used  for  finding  the  densities  of  the  solutions  in  the  preceding  paper. 
The  neck  of  the  flask  was  dried  beforefthejmeniscus  was  set.  Preparatory 
to  being  weighed,  the  outside  of  the  flask  was  washed  with  dilute  ammonia 
solution,  wiped  with  a  clean,  slightly  damp,  cotton  coth,  and  was  allowed 
to  stand  in  the  balance  room  for  at  least  one  hour.  In  order  to  find 
the  densities  of  the  different  specimens  of  toluene,  the  flask  was  weighed 
after  being  filled  with  toluene  at  the  temperatures  used.  No  attempt 
was  made  to  purify  the  toluene  beyond  drying  it  over  metallic  soditun  for 
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some  time  and  distilling  without  fractionation.  In  computing  the  volumes 
of  the  flasks  the  assumption  is  made  that  an  ''apparent"  gram  of  water 
occupies 

1.02378  cc.  at  70.19®  1.01315  cc.  at  50.04®  1.00400  cc.  at  25.00**  1.001190c.  at  0.00°. 
The  weights  were  carefully  standardized  to  tenths  of  a  milligram  and 
the  thermometer  readings  were  corrected  by  comparison  with  a  standard 
thermometer  as  described  in  the  preceding  paper.  The  weights  of  toluene 
are  corrected  to  the  vacuum  standard  by  adding  0.00126  g.  for  each  gram 
of  substance. 

Tabids  I. 
Densities  of  Toluene  Samples. 

Temperatures.  70. 19*.  50.04*.  25.00*.  0.00*. 

Apparent  wt.  of  water 24.3184    24.5605     24.7671     24.8186 

Volume  of  flask  I 24.8994    24.8838    24.8662     24.8482 

Wt.  of  toluene  I  in  vac 20.3888    20.8746    21. 4661     2a  .0473 

Density  of  toluene  I  ref.  to  water  at  4'' 0.81885    0.83888    0.86327    0.88728 

Wt.  of  toluene  II  in  vac 20.8488    21.4222    21.9848 

Density  of  toluene  II  ref.  to  water  at  4* o .  83784    o .  86150    o .  88477 

Apparent  wt.  of  water 48.407      48.892      49.299      49.406 

Volume  of  flask  11 49*563       49-535       49-495       49-465 

Wt.  of  toluene  III  in  vac 40.538      41.478      42.616      43.741 

Density  of  toluene  III  ref.  to  water  at  4*^ 0.81790    0.83734    0.87100    0.88428 

Coefficients  of  Expansion  of  Flasks  and  Toluol. 

Tempcratute  interval.  70.19*-50.04*  50.04^25.00*.  2S.00*-O.00* 

Flask  1 0.0431  o.Of28  0.O429 

Flask  II 0.0435  0.0429  o.o«28 

Toluene  1 0.001198        0.001144  0.001098 

Toluene  n 0.001114  0.001066 

Toluene  III 0.001167        0.001113  0.001066 

It  is  noticeable  not  only  that  the  density  of  Sample  I  of  toluene  is  mark* 
edly  higher  than  those  of  the  other  two  samples,  but  also  that  the  coefladent 
of  expansion  of  this  sample  is  highest,  although  the  change  in  coeflSdent 
of  expansion  with  change  in  temperature  is  the  same  for  all  three  samples.^ 
The  coefKdents  of  expansion  of  the  flasks  are  discussed  in  the  preceding 
paper. 

The  salts*  were  purified  as  described  in  the  preceding  paper.  In  the 
case  of  potassium  chloride,  potassium  iodide  and  rubidium  iodide  the 
specimens  of  salt  used  in  the  duphcate  determinations  were  prepared  at 
different  times.    They  were  thoroughly  dried  by  fusion — the  chlorides 

^  In  Landolt-BOmstein,  TabelUn,  1912,  the  density  of  toluene  at  o^  referred  to 
water  at  4^  is  given  as  0.8845  and  its  cubical  coefficient  of  expansion  at  20^  as  0.001099. 
This  value  for  the  density  corresponds  closely  to  those  found  for  Samples  II  and  III 
but  the  above  value  for  the  cubical  coefficient  of  expansion  is  almost  identical  with 
that  found  for  Samples  I. 

*  Professor  H.  L.  Wells  of  Yale  University  very  kindly  loaned  us  very  pure  cesium 
material.    See  a  preceding  paper. 
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in  platintun  crucibles  in  air,  the  bromides  and  iodides  in  a  platintun  boat 
contained  in  a  porcelain  tube  in  a  current  of  pure,  dry  electrolytic  hydrogen. 
Portions  of  the  fused  salts  after  solution  in  water  were  found  to  give  es- 
sentially neutral  solutions. 

Since,  almost  invariably,  fused  salts  contain  cavities,  owing  probably 
to  contraction  during  cooling,  all  of  the  salts  were  ground  in  an  agate 
mortar  before  use  and  the  powdered  material  was  again  dried  at  250^ 
in  an  air-bath  and  preserved  in  a  desiccator  until  used. 

A  series  of  experiments  was  carried  put  as  follows:  The  dried  salt  was 
transferred  to  a  dean,  dry  flask  which  was  weighed  with  its  contents.  Tolu- 
ene sufficient  to  cover  the  salt  was  then  added  and  the  flask  was  exhausted 
until  the  toluene  boiled  gently.  The  boiling  was  allowed  to  continue 
several  moments  in  order  to  ensure  removal  of  air  from  the  interstices. 
Next  the  flask  was  nearly  filled  with  toluene  and  brought  to  constant 
temperature  in  the  thermostat,  at  the  highest  temperature  employed. 
After  it  had  been  brought  to  room  temperature,  it  was  cleaned,  dried  and 
weighed  as  described  above.  The  operations  were  then  repeated  at  lower 
temperatures  successively. 

Vacuum  corrections  were  computed  from  the  densities  as  finally  de- 
termined and  are  employed  in  the  tables  as  follows: 


NaCl 

+  0 

.00042 

NaBr  +  0.00025              Nal     H-  0 

00019 

KCl 

+  0 

.00046 

KBr 

-f-  0.00030              KI        +  0 

00024 

RbCl 

+  0 

.00029 

RbBr 

+  0.00022               Rbl      H-  0 

00020 

CsCl 

+  0 

.00016 

CsBr 

+  0.00013               Csl      -f-  0 

00013 

Tablz  II. 

Salt. 

Te»P. 

Wt.  salt 
in  vac 
Grains. 

Wt.  toluene     Density 
displaced     of  toluene 
in  vac.            ref.  to 
Grams.       HiO  at  4«. 

Density 

of  salt 

ref.  to 

H.O  at  4«. 

Cubical  coeff. 

of  expan- 
sion of  salt. 

NaCli.... 

70. 19** 

50.04 

25.00 

0.00 

8.6156 

3.2782        0.81885 
3.3524       0.83888 
3.4410       0.86327 
3.5255       0.88728 

2.1521 

2 .  1559 
2.1615 
2.1683 

0.000088 
0.000103 
0.000126 

70.19 

14.0885 

5.3586       0.81885 

2.1528 

0.000060 

50.04 

... 

5.4830       0.83888 

2.1554 

0.000109 

25.00 

5.6271        0.86327 

2.1613 

0.000124 

0.00 

.  .  > 

5.7659       0.88728 

2.1680 

^  Previous  determinations  of  the  densities  of  these  salts  are  as  follows: 

NaCl:    Clarke,  "Constants  of  Nature,"  1873, 1 '2.06-2.16 

Retgers,  Z.  pkysik.  Chem.,  3,  289  (1889) 17  *  2 .  167 

Krickmeyer,  Ibid.,  ax,  53  (1896) 20 V4*  2 .  174 
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Temp. 
Sidt.  *a 

NaBr* 5004 

25.00 

0.00 
Nal* 5004 

25.00 

0.00 
50.04 

25.00 

0.00 

Ka« 70.19 

50.04 

25.00 

0.00 
50.04 

25.00 

Crystals 50.04 

25.00 
KBr* 50.04 

25.00 


Tablb  n  (conHnued). 

Wt.  totuene  Density  Demlty 

Wt.  salt        displaced  of  toluene  of  salt 

in  vac.  in  vac  ref.  to  ref.  to 

Grams.  Ofams.  HK)  at  4*.  HiO  at  4*. 

21.1619   5 -55 14  0.83784  3.1939 

5.6910  0.86150  3.2034 


16.5363 


26 . 7938 


16.316 


5.8270  0.88477  3.2132 

3.8217  0.83784  3.6253 

3.9160  0.86150  3.6380 

4.0081  0.88477  3.6499 

6.1686  0.83784  3.6387 

6.3228  0.86150  3.6507 


6.4715   0.88477 
6.748    0.81790 


17.6589 
13.6465 
16.6637 


6.897 

7.067 

7. .243 
7.4797 


0.83734 
0.86100 

0.88428 
0.83888 


7.6752  0.86327 

5.7972  0.83888 

5.9515  0.86327 

5.0955  0.83784 


3.6631 
1.9776 

1.9809 

1.9878 

1.9920 
1.9806 

1.9863 
1.9747 

1.9794 
a. 7399 


5.2231   0.86150   2.7485 


Cubical  coeff. 
of  expan- 
sion ol  salt 


O.OOOII9 
0.000122 

O.OOOI4X 
0.000132 

0.000133 
0.000137 

0.000083 
0.000139 
0.000084 

O.OOOI16 

0.000096 

0.000125 
O.O00II2 


»  NaBr:   Schiflf,  Ann,,  zo8,  21  (1858) 

Kremers,  Jahresb,,  zo,  67  (1857) 17 

Tschermak,  SitMungsb.  d.  k.  Akad.  Wien,,  45,  603 . . 

Pavre  and  Valson,  Compi,  rend.,  77,  579  (1873). . . .     17 
*  Nal:      Schrdder,  Ann.,  192,  295  (1878) 

Pilhol,  Ann.  chim.  phys.,  [3]  az,  415  (1847) 

Pavre  and  Valson,  Loc.  cU 18 


2.952 

5*  3.079 

3011 

3*  3.198 

3.55 
3.45 

2*  3.654 

Baxter  and  Brink,  This  Journal,  30,  46  (1908) ...     25  •/4**  3 .  665 

*  KCl :    Clarke,  "Constants  of  Nature/'  1888,  Part  I i .  836-1 .  995 

Retgers,  Loc.  cit 16*  i  .989 

Krickmeyer,  Ibid 20 V4^  i  .994 

Buchanan,  Proc.  Chem.  Soc.,  ai,  12a  (1905) 23.47''  > •95X 

Johnston  and  Adams,  This  Joubkal,  34, 572  (1912) 

Pinely  powdered 30  V4*  i  .984 

*  KBr:   Karsten,  Schweig.  Jour.,  65,  394  (1832) 2 .415 

Playfau:  and  Joule,  Mem>  Chem.  Sac.,  a,  401  (1845)      . .        a  .672 
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TABtB  II  (canUnued). 


Salt. 


Wt.  toluene       Density  Density 

Wt.  salt        displaced  of  toluene         of  salt       Cubical  coeff. 

Temp.        in  vac.  in  vac.  ref.  to  ref.  to  of  expan- 

•C.  Grams.  Grams.  HiO  at  4«».  HtOat4*' 


0.00     ...     5.3491   0.88477   3.7562 
KI 5004   173647   4.6717   0.83784   3. "42 


25.00 


4.7901   0.86150   3.1230 


KV, 


0.00     ...     4.9046   0.88477   3.1324 
50.04   24.3342   6.5557   0.83888   3.  "39 


25.00 


6.7266   0.86327   3.1229 


0.00  ...  6.8924       0.88728       3.1326 

RbCl* 50.04       10.8005       3.2409      0.83784      2.7922 


25.00 


3  3255   0.86150   2.7979 


0.00  3-4061       0.88477       2.8057 

RbBr* 50.04      25.6918      6.4523      0.83888      3.3402 


25.00 


6.6232   0.86327   3.3486 


aion  01  salt. 

O.OOOII3 
0.000120 

O.OOOII5 
0.000124 

0.000082 
O.OOOIII 

O.OOOIOI 

o. 0001 13 


2.712 

2.704 
2.690 


»KI: 


0.00  ...  6.7882      0.88728      3.3581 

Beamer.  Clarke's  "Constants  of  Nature/'   x888, 

Parti 12.7* 

Spring,  Ber.,  z6,  2724  (1893) 18° 

Schr6der,  "Dichtigkeitsmessungen, ' '  Heidelberg,  1 873 

Krickmeyer,  Loc,  cU 20  V4*    2 .  756 

Buchanan,  Ibid 2 .679 

Richards  and  Mueller,  Z.  anorg.  Chem.t  53,  423 

(1907) 25 74*    2.73 

Boullay,  Ann,  chim.  phys.,  [2  ]  43,  266  (1830) 3 .078-3 .  104 

Karsten,  Loc.  cU 2.908 

Playfair  and  Joule,  Ibid 13*        3 .048-3 .070 

Filhol,  Ibid 3 .056 

Schiflf,  Ibid 2 .850 

Buignet,  Jahresb.,  14,  15  (1861) 2 .970 

Schrdder,  Loc,  cit.: 3 .077-3 .083 

Spring, /6iJ.,  fused 20®        3.0x2-3.112 

3.043 
3. 115 
2.209 
2.706 

2.753 
2.807 
2.780- 

3.358 
3.282 
3.210 


Buchanan,  Loc,  cit 23 .4* 

Baxter  and  Brink,  Ibid 25°/4** 

« RbCl:    Schroder,  Ibid 22** 

Buchanan,  Ibid 22 .9° 

Archibald,  /.  Chem,  Soc.,  85,  776  (1904) 

Setterberg,  Oefoers  Stockh,  Pork,,  39,  23  (1882) 

*  RbBr:   Schrftder,  Loc,  cU 

Setterberg,  Ibid 

Archibald,  JW<i 

Buchanan,  Ibid 23  "* 
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Tablb  II  (catUinued). 

Salt. 

^5"^- 

Wt.  salt 
in  vac. 
Grams. 

Wt.  toluene 
displaced 
in  vac 
Grams. 

Density 
of  toluene 

ref.  to 
HsO  at  4«. 

Density 
of  salt 
ref.  to 
HiO  at  4^ 

Cubkal  ooeff. 
of  expan- 
sion oTsalt. 

RbP 

...     50.04 

13.8305 

3.0397 

0.83888 

3.5409 

0.000091 

35.00 

... 

3.1208 

0.86327 

3.5490 

O.OOOI2I 

0.00 

3.1980 

0.88728 

3.5598 

50.04 

34.2498 

5.7348 

0.83784 

3.5429 

25.00 

... 

5.8828 

0.86150 

3.5512 

0.000103 

0.00 

6.0259 

0.88477 

3.5604 

CsCl« 

...     70.19 

26.5871 

5.5088 

0.81885 

3.9520 

0.000109 

' 

50.04 

... 

5.63II 

0.83888 

3.9607 

0.000136 

35.00 

5.7751 

0.86327 

3.9742 

0.000143 

0.00 

5.9147 

0.88728 

3.9884 

CsBr* 

...     50.04 

24.9973 

4.7467 

0.83888 

4.4177 

0.000137 

25.00 

... 

4.8680 

0.86327 

4  4329 

O.OOOI4I 

0.00 

4.9857 

0.66728 

4.4486 

Csl* 

. . .     50.04 

38.7568 

5.3696 

0.83888 

4.4926 

0.000146 

25.00 

5.5056 

0.86327 

4.5090 

0.000x45 

0.00 

5.6384 

0.88728 

4.5253 

As  is  to  be  expected  from  the  greater  care  taken  in  preparing  the  salts 
free  from  moisture  and  from  cavities,  the  foregoing  density  values  tend  to 
be  higher  than  the  results  of  earlier  determinations,  although  it  is  by 
no  means  certain  that  the  second  difficulty  was  entirely  eliminated.  Most 
of  the  results  need  little  comment.     In  the  case  of  sodium  iodide,  on  ac- 

*  Rbl:      Schr6der,  Loc.  cit 

Setterberg,  Ibid 

Krdmann,  Arch,  Pharm,,  33a,  25  (1894) 

Buchanan,  Loc,  cit 24 

Baxter  and  Brink,  Ibid 25 

«  CsCl:     Setterberg.  Ibid 

Richards  and  Archibald,  Proc,  Am.  Acad.,  38,  453  (1903)  20 
Buchanan,  Loc,  cit 23 

»  CsBr:    Setterberg,  Ibid 

Richards  and  Archibald,  Ibid 20 

Buchanan,  Ibid 21 

*  Csl:       Setterbci^g,  Ibid 

Bcketofif,  Bull.  St,  Petersb.,  34,  197  (1905) 

Buchanan,  Loc.  cit 22 

Baxter  and  Brink,/6^ 2574"*  4.510 
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count  of  the  hygroscopicity  of  the  anhydrous  salt,  the  value  for  the  density 
is  less  reliable  than  that  found  earlier  by  Baxter  and  Brink,  who  investi- 
gated salt  which  could  not  have  come  into  contact  wth  moist  air.  The 
value  for  the  coeflSdent  of  expansion  of  this  salt  found  in  this  research  is 
more  accurate  than  the  values  of  the  density.  Using  the  value  0.000136 
for  the  coefficient  of  expansion  of  sodium  iodide  and  the  value  3.665, 
found  by  Baxter  and  Brink  for  the  density  at  25°,  the  density  at  50** 
becomes  3.653  and  that  at  0°  is  3.677.  The  first  two  sets  of  values 
with  potassium  chloride  were  obtained  with  powdered  salt  which  had 
previously  been  fused,  the  third  set  with  crystals  from  aqueous  solution 
which  had  been  carefully  dried,  powdered,  and  dried  as  in  the  experiments 
with  fused  salt.  Apparently  the  salt  crystallized  from  aqueous  solution 
has  a  slightly  lower  density.  Rubidium  iodide  is  here  found  to  have  a 
density  considerably  higher  than  the  value  found  by  Baxter  and  Brink.  But 
the  latter  did  not  use  material  of  imquestionable  purity,  and  since  the  mate- 
rial used  here  was  found  to  be  very  pure,  the  later  value  is  to  be  preferred. 

The  coefficients  of  expansion  are  of  the  order  of  magnitude  to  be  ex- 
pected from  the  rather  meager  data  previously  obtained  with  anhydrous 
salts.  ^  It  can  be  seen  that  with  any  one  salt  the  coefficient  of  expansion 
is  lower  at  high  temperatures  than  at  low  temperatures.  In  general, 
chlorides  show  smallest  and  iodides  largest  coefficients,  and,  while  this 
is  by  no  means  always  the  case,  coefficients  are  usually  higher  with  in- 
creasing density  and  increasing  compressibility. 

The  results  of  the  foregoing  research  may  be  summed  up  in  the  following 
brief  tables: 

Table  II. 
The  densities  of  the  following  salts  are  found  to  be: 

70.19*.  50.04«.  25.00«.  O.OO^. 

NaCl 2.153  2.156  2. 161  2.168 

NaBr 

Nal 

KCl 

KBr 2.740  2.749  2.756 

Kl 3.114  3.123  3.133 

RbCl 2.792  2.798  2.806 

RbBr 3.340  3.349  3.358 

Rbl 3.542  3.550  3.560 

CsCl 3.952  3.961  3.974  3.988 

CsBr 4.418  4.433  4.449 

Csl 4.493  4-509  4.525 

»KjS04 o.oiioS         20** 

RbsSOi o.Osio6         20 **    Landolt-B5mstein-Roth,  Tabellen,  1912. 

C9»S04 0.0|I05  20* 

KNOi o.oti9i         20* 

*  Computed  from  the  coefficient  of  expansion. 

*  Baxter  and  Brink,  Loc,  cU, 


3.194  3.203  3.213 

3.653*  3. 665*  3.677* 

978  I. 981  1.987  1.992 
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Tablb  III. 
The  cubical  coefficients  of  expansion  of  the  following  salts  are 

70-50*.  50-25  •. 

NaCl^ 0.000074  0.000106 

NaBr 0.000119 

Nal 0.000x36 

KCl* 0.000083  0.000117 

KBr* 0.000125 

KI^ 0.000114 

Rba 0.00008a 

RbBr o.oooioi 

Rbl 0.000092 

CsCl 0.000109  0.000136 

CsBr 0.000137 

Csl 0.000146 

We  are  greatly  indebted  to  the  Carnegie  Institution 
assistance  in  pursuing  this  investigation. 

Caxbkidob,  Mass. 


found  to  be: 

25-0». 

0.000125 
0.000122 
0.000135 
0.000084 
0.000112 
0.000122 

O.OOOIII 

0.000113 
0.000112 
0.000137 
0.000141 
0.000146 


for  very  generous 
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THE  DENSITIES  AND  CUBICAL  COEFFICIENTS  OF  EXPANSION 
OF  CERTAIN  SUBSTANCES:  As,0,,  PbCl,,  PbBr,,  NdCU. 

Bt  Gkbooky  Paul  Baxtbk  and  Charlhs  Francis  Hawkins. 
Received  November  15,  1915. 

Investigations  now  in  progress  or  just  completed  in  this  laboratory  have 
required  an  exact  knowledge  of  the  specific  gravities  of  the  compounds 
mentioned  in  the  title,  in  order  that,  in  weighing  these  substances,  correc- 
tions for  the  buoyant  effect  of  the  air  might  be  made  with  certainty. 
Since  the  experimental  work  was  performed  with  considerable  care,  and 
since  incidentally  the  cubical  coefficients  of  expansion  of  three  of  these 
substances  were  found,  the  results  are  presented  here  by  themselves. 

The  specific  gravities  were  found  by  displacement  of  toluene  in  pyc- 
nometers,  while  the  coefficients  of  expansion  were  computed  from  the 
specific  gravities  at  different  temperatiu^s. 

Two  forms  of  pycnometer  were  employed.  One  was  devised  by  Baxter 
and  Hines^  for  experiments  with  very  hygroscopic  substances,  and  is  a 
modification  of  a  pycnometer  described  by  T.  W.  Richards  for  the  determin- 
ation of  the  specific  gravity  of  solids.  A  weighing  bottle  was  provided 
with  two  glass  stoppers,  one  of  which  was  of  ordinary  shape  and  was  used 

^  Fizeau,  Compt.  rend,,  64,  314  (i867)»  found  the  linear  coefficients  of  expansion 
of  sodium  chloride  and  of  potassttun  chloride*  bromide,  and  iodide  to  have  at  40^  the 
values  0.000C40,  0.000038,  0.000042  and  0.000043,  whence  the  cubical  coefficients  of 
expansion  may  be  calculated  to  be  0.000130,  0.000)14,  0.000x36  and  0.000129. 

» Am.  Chcmf  /.,  31,  220  (1904)- 
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during  the  weighing  of  the  substance.  Into  the  other  were  sealed  two 
capillary  tubes  which  served  to  fill  the  bottle  with  liquid.  The  weighing 
bottle  and  the  pycnometer  stopper  were  both  made  of  thick  g^ass  in  order 
to  avoid  distortion  when  the  stopper  was  inserted. 

The  salt,  contained  in  a  platinum  boat,  was  fused  in  a  suitable  atmos- 
phere in  a  quartz  tube  which  was  connected  by  a  ground  joint  with  a 
bottling  apparatus,  by  means  of  which  the  boat,  after  being  heated,  could 
be  transferred  to  the  weighing  bottle  without  exposure  to  moist  air.* 
The  salt  was  heated  until  fusion  had  taken  place  and  the  fused  salt  was 
limpid  and  free  from  bubbles  of  gas.  The  boat  was  then  allowed  to  cool, 
and  after  the  fusion  atmosphere  had  been  displaced  by  nitrogen,  and  the 
nitrogen  in  turn  by  dry  air,  the  boat  was  transferred  to  the  weighing  bottle 
and  weighed. 

After  the  weighing  of  the  salt,  the  ordinary  stopper  was  removed, 
enough  toluene  to  cover  the  boat  and  salt  was  quickly  potu^  into  the 
bottle,  and  the  pycnometer  stopper,  which  had  been  weighed  with  a  small 
quantity  of  sirupy  phosphoric  add  to  make  the  joint  tight,  was  inserted. 
In  order  to  expel  the  air  contained  in  the  crevices  of  the  salt  the  pycnometer 
was  placed  in  a  vacuum  desiccator,  which  was  then  exhausted,  and  the 
toluene  was  allowed  to  boil  gently  for  some  time  with  frequent  jarring. 
By  means  of  the  capillary  tubes  the  bottle  was  completely  filled  with 
toluene,  and,  while  the  pycnometer  was  immersed  as  far  as  possible  in 
a  water  thermostat  at  25^,  the  toluene  was  adjusted  to  a  mark  etched 
upon  one  of  the  capillaries.  The  weight  of  the  system  was  then  de- 
termined, after  the  pycnometer  had  been  wiped  with  a  dean,  slightly 
moist  doth  and  had  been  allowed  to  stand  in  the  balance  case  for  a  few 
moments.  Prolonged  standing  in  the  balance  case  produced  no  differ- 
ence in  wdght.  After  a  second  adjustment  of  the  toluene  the  system  was 
again  wdghed,  and  sometimes  a  third  setting  was  made.  In  every 
case  the  weights  agreed  within  a  few  tenths  of  a  milligram.  The  wdght 
of  the  pycnometer  containing  the  empty  boat  and  filled  with  toluene 
was  dete^^lined  several  times.  From  the  average  of  these  weights, 
the  weight  of  the  salt,  and  the  wdght  of  the  system  induding  the  salt 
and  filled  with  toluene,  the  spedfic  gravity  of  the  salt  was  calculated. 

The  pycnometer  described  above  was  not  adapted  to  determinations 
bdow  the  temperature  of  the  room,  since  it  had  no  reservoir  for  expan- 
sion of  the  liquid.  For  work  both  at  o^  and  at  50^  a  graduated  flask 
was  used  as  described  by  Baxter  and  Wallace.*  The  neck  of  this  flask 
had  been  constricted  at  one  point  to  2.5  mm.,  which  secured  an  accuracy 
in  setting  of  about  0.3  mg.  of  toluene.    Since  comparativdy  large  amounts 

1  Richards  and  Parker,  Froc.  Am,  Acad,,  32,  59  (1897). 
»  3ce  preceding  paper,  This  Joubnal,  38,  259  (1916). 
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of  soKd  were  used  with  this  pycnometer  the  accuracy  of   setting  was 
ample  for  the  purpose. 

Both  pycnometers  were  **set"  in  water  thermostats,  the  temperatures 
of  which  were  controlled  within  a  few  hundredths  of  a  degree,  by  means 
of  toluene  regulators  at  25°  and  50°,  and  by  means  of  a  large  amount 
of  washed  cracked  ice  at  0°.  The  method  of  heating  the  water  of  the 
thermostat  by  passing  a  current  through  the  water  between  carbon  elec- 
trodes, as  recently  proposed  by  Derby,  ^  was  found  to  serve  very  satis- 
factorily at  50°.  The  thermometers  were  carefully  corrected  by  compari- 
son with  a  standard  thermometer. 

One  specimen  of  arsenic  trioxide  was  the  commercial  article,  which  was 
in  the  form  of  a  £ine  powder.  Another  specimen  was  resublimed  in  a 
current  of  nitrogen  by  Mr.  G.  L.  Wendt,  As  both  were  exposed  to  the 
air  fqr  some  time  before  use  they  were  probably  octahedral. 

Lead  chloride  was  precipitated  from  lead  nitrate  and  after  washing  was 
recrystallized  from  water.  Finally  it  was  fused  in  a  current  of  hydro- 
chloric acid  gas.  The  fused  material  was  irregular  in  appearance,  and  as 
the  determinations  with  the  bottle  pycnometer  gave  discordant  results, 
fiulher  experiments  were  made  in  the  flask  pycnometer  with  salt  which, 
after  fusion  in  hydrochloric  acid,  had  been  finely  ground  in  an  agate  mortar. 
Since  the  latter  experiments  gave  concordant  results,  which  were  somewhat 
higher  than  those  obtained  with  the  bottle  pycnometer,  it  seemed  highly 
probable  that  the  latter  were  vitiated  by  pockets  of  gas  in  the  fused 
material. 

Lead  bromide  was  precipitated  from  pure  lead  nitrate  with  hydro- 
bromic  acid,  and  was  crystallized  from  concentrated  hydrobromic  acid 
solution  before  fusion  in  nitrogen  containing  hydrobromic  acid  gas. 
Determinations  made  with  both  pycnometers  were  concordant,  although 
the  material  used  in  the  flask  pycnometer  was  finely  powdered. 

Praseodymium  chloride  was  ptu"ified  by  Mr.  O.  J.  Stewart  and  fused 
in  a  current  of  hydrochloric  acid  gas.  Because  of  the  hygroscopic  natiupe 
of  the  anhydrous  salt,  determinations  were  made  with  the  bottle  pycnom- 
eter only,  at  25®. 

Toluene  was  dried  over  metallic  sodium  and  distilled,  the  first  and  last 
portions  being  discarded.  The  specific  gravities  of  the  two  specimens  of 
the  same  sample  of  toluene  were  determined  in  both  pycnometers. 

Weights  were  carefully  standardized  to  tenths  of  a  milligram.  Vacuum 
corrections  are  applied  as  follows: 

Toluene -ho. 00125 

AaftOt 4-0. 000166 

PbCla -1-0.000059 

TbBrt +0.000035 

NdCla 4-0.000154 

1  This  Journal,  35,  1767  (1913). 
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The  assumption  is  made  that  an  "apparent"  gram  of  watar  occupies, 
1.01313  cc.  at  50^  1.00400  oc.  at  25  ^  1.00119  cc.  at  o^ 


Specific  Gravity  and  Coefi&dent  of  Kzpansioii  of  Toluene. 

Apparent  wt.  of  Wt.  of  toluene 

Sample  of  Pircnom-     tUO  content.     Volume.  in  vac.  Spec, 

toluene.     Temp.       eter.  Grama.  cc.  Grama.  grav. 


50- 


25' 


II.... 


Flask    24.3408   24.6605   20.6566   o  85764 


Flask 


o» 

Flask 

2S' 

Bottle 

50» 

Flask 

as' 

Flask 

0' 

Flask 

as' 

BotUe 

24.5442  24.6424  21.2232  0.86125 

24.5991  24.6283  21.7806  0.88437 

II. 2314  11.2763  9.7123  0.86130 

24.3408  24.6605  20.6561  0.83762 

24.5454  24.6436  21.2238  0.86123 

24.5991  24.6283  21.7797  0.88433 

11.2332  II. 2781  9.7130  0.86123 


Coefficient  of 
ezpanaion.1 


(SO-»s') 

O.OC»III 

(2S-0') 

0.000106 


(SO^S') 

O.OOOIII 

(25-0') 

0.000106 


specific  Gravity  and  Cubical  Coefficient  of  Expansion  of  AssOt.' 


Wt.  toluene 
Wt  of  AaKH     displaced 


Temp.    Pycnometer. 
25  •        Flask 


50" 
25  *" 


Flask 
Flask 

Flask 


in  vacuum. 
Grama. 


27.0732 
27.0732 


in  vac. 
Grama. 


5.8881 
6.0350 


Sp.  gr. 
toluene. 


17.5146    3.9013    0.86125 


0.83764 
0.86125 


3.867 

3.851 
3.863 


27.0732     6.1802     0.88437     3.874 


Cubical 
expansion 
of  And. 


(5<«5") 
0.00012 

(25-0*) 
O.OOOII 


*  The  values  given  in  this  column  agree  almost  exactly  with  those  found  for  Samples 
II  and  III  in  the  preceding  paper. 

*  Previous  determinations: 

3.695  octahedral    \  ^^^^  ^^^  ^^^,^,j         ,^8  (,8^8). 

3.739  amorpnous  J 

3.729  at  17.2®.    Herapath,  Pkil.  Mag.,  64,  321  (1829). 

^''^^  >  Karsten.  Schweig.  /.,  65,  394  (1832). 
3.720  J 

3.884  Filhol,  Ann,  chim.  phys,,  [3]  az,  415  (1847). 

3.798  Taylor,  Gmdin's  Handb.,  z,  69  (1848). 

3.698  vitreous,  LeRoyer  and  Dumas,  Ibid, 

3.85    native,  Claudet,  Jahresb,,  ai,  230  (1868). 

3.80   regular      \  Rammelsberg,  "Handb.  d.  Krystallog.  u.  phys.  Chem.," 

4.00    rhombic    j      Abt.  I,  i88x. 

tZ  ^^  ]  ^*^"' '-  ^'^-  ^*^' ''' '''  ^''''^- 

3.70   Leoohard,  Claxke's  "Const,  of  Nature,"  Pt.  I,  48  (1888). 


Digitized  by 


Google 


270 


GREGORY  PAUL  BAXTER  AND  CHARLES  FRANCIS  HAWKINS. 


Specific  Gravity  and  Cubical  Coefficient  of  Expansion  of  PbClt.^ 


Wt.  PbCli  Wt.  toluene  dis- 

Cub.  ooeff. 

Temp. 

Pycnometer. 

in  vac. 
Grams. 

placed  in  vac.      Sp.  gr. 
Grams.            toluene. 

l^bcS; 

expansion 
ofPbCla. 

as' 

Bottle 

5.3723 

0.7960 

0.86125 

5.813 

25' 

Bottle 

9.0828 

1. 35" 

0.86125 

5.790 

as' 

Bottle 

7.3128 

1.0922 

0.86125 

5.766 

as' 

Bottle 

5  5365 

0.8x18 

0.86x25 

5.874 

as' 

Bottle 

6.6033 

0.9791 

0.86125 

5.808 

as' 

Bottle 

6.5749 

0.9757 

0.86125 

5.804 

2i' 

Bottle 

6.2361 

0.9222 

0.86125 

5.824 

so' 

Flask 

32.0341 

4.5697 

0.83762 

5.872 

SO' 

Flask 

25.7836 

3.6774 

0.83762 

Av. 

5.873 
,5.872 

(50^25") 

as' 

Flask 

32.0341 

4.6890 

0.86123 

5.884 

0.00009 

as' 

Flask 

25.7836 

3.7727 

0.86123 

Av. 

5.886 
,5.885 

(25-^^) 

0* 

Flask 

32.0341 

4.8044 

0.88433 

5.896 

0.00009 

o« 

Flask 

25.7836 

3.8642 

0.88433 

Av. 

5.901 
.5.899 

.... 

Specific  Gravity  and  Cubical  Coefficient  of  Expansion  of  PbBri.» 

Wt.  PbBn 

Wt.  toluene  dis- 

Cub. coeff. 

Temp. 

Pycnometer. 

in  vac. 
Grams. 

placed  in  vac 
Grams. 

t^uSi, 

%&. 

expansion 
ofPbBri. 

25' 

Bottle 

7.3694 

0.9531 

0.86125 

6.659 

.... 

as' 

Bottle 

6.9347 

0.8984 

0.86125 

6.648 

(SC^S') 

so' 

Flask 

23.1459 

2.9171 

0.83762 

6.644 

o.oocx)9 

as' 

Flask 

23.1459 

2.9926 

0.86123 

6.659 

(as-o') 

o' 

Flask 

23.1459 

3.0651 

0.88433 

6.676 

O.OOOIO 

Specific  Gravity  of  PrCU. 

wt.  PrCIi     wt.  toluene  di»- 

Temp, 

in  vac.           placed  in  vac.           Sjp.  gr. 
Pycnometer.            Grams.                 Gram.                toluene. 

i?ce- 

as' 

Bottle 

3.6689             0 

7862            0. 

8612 

4.019 

as' 

Bottle 

4.5130             0. 

9669            0. 

86:1a 

4.020 

Av 

,•  4.020* 

•  Karsten,  Schweig.  J.,  65,  394  (1832). 


^  Previous  determinations: 

5.29   Munro,  Clarke's  "Constants  of  Nature,"  Pt.  I,  24  (1888). 

5.238  native,  Dana,  "Mineralogy,"  189a. 

5.802  unfused  1  . 

5.682  fused      J 

5.802  cryst.,  Schabus,  Jahresb.,  3,  322  (1850). 

5.78    Schiif,  Clarke's  "Constants  of  Nature,"  Loc,  cit. 

5.805  15®,  Stolba,  /.  prakt,  Chem.,  97,  503  (1866). 

5.88    Brugelmann,  Ber,  d,  deulsch  chem.  Gesell,,  17,  2359  (1891). 
•  Previous  determinations: 

6.630  Elarsten,  Schweig.  J.,  65,  394  (1832). 

6.61 1  17.5 ^  Kremers,  Jahresb.,  5,  397  (1852). 

6.572  19.2°  precipitated,  Keck,  Clarke's  "Constants  of  Nature,"  Pt.  I,  32 
(1888). 
'  Matignon  found  the  value  4.017  at  x8^  Compt.  rend,,  140,  340  (1905). 
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SmOIART. 
SalMtanGe.                       Temperature.        Specific  grttvity.    Cub.  coefl.  of  ezpaotkm. 
AsiOi 50**  3.851 

25^  3.865  O.OOOI3 

(25-o«) 
o*  3.874  O.OOOII 
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The  work  herein  reported  is  a  continuation  of  that  of  Schlesinger  and 
Martini'  on  the  conductivity  of  formic  acid  solutions  of  formates.  It  was 
shown  by  them  that  the  formates  of  soditun,  potassium,  ammonium  and 
phenyl  ammonium  obey  the  law  of  chemical  equilibrium  over  a  fairly  large 
range  of  concentration  even  though  these  scUts  are  highly  ionized,  provided 
that  the  degree  of  ionization  is  calculated  without  reference  to  the  vis- 
cosity of  the  solutions.  When  a  viscosity  correction  was  made  it  was 
found  that  the  agreement  between  the  law  and  the  experimental  data 
disappeared.  It  was  pointed  out,  however,  that  the  viscosity  data  might 
have  been  somewhat  inaccurate  because  a  small  viscometer  of  the  Ost- 
wald  t3rpe  was  used.  Hence  it  seemed  necessary  to  repeat  the  viscosity 
determinations  under  more  favorable  experimental  conditions.  Further- 
more, since  the  simple  inverse  proportionality  between  viscosity  and  con- 
ductivity, as  predicted  by  Stokes'  law  does  not  usually  fit  experimental 
data  on  conductivity,  information  on  the  possible  relation  was  sought  by 

1  The  work  presented  in  this  article  constitutes  the  basis  of  a  dissertation  sub- 
mitted by  Clyde  Coleman  to  the  faculty  of  the  University  of  Chicago  in  part  fulfil- 
ment of  the  requirements  for  the  degree  of  Doctor  of  Philosophy. 

*  This  Journal,  36,  1589  (1914).  We  shall  use  the  abbreviation  S.  and  M.  here- 
after in  referring  to  this  paper. 
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obtaining  conductivity  and  viscosity  data  at  two  temperatures.  In- 
vestigation of  these  points  fully  confirmed  the  work  of  S.  and  M.  Strong 
electrolytes,  however,  do  not  in  general  obey  the  law  of  chemical  equi- 
librium. Hence  it  was  desired  to  extend  the  measurements  to  as  many 
uni-univalent  salts  as  possible  and  we,  therefore,  chose  the  as  yet  unin- 
vestigated formates  of  the  alkali  metals.  In  this  way  we  have  obtained 
the  ionization  constants  of  a  series  of  salts  within  the  same  chemical  group 
and  the  values  of  these  constants  show  some  interesting  relationships. 
We  shall,  however,  present  first  the  new  experimental  data  in  their  entirety 
and  leave  the  discussion  of  the  results  to  a  brief  summary. 

In  most  of  the  details  the  methods  of  S.  and  M.  were  followed  without 
change.  The  formic  acid  was  prepared  according  to  their  method  and  was 
of  the  same  quality  as  reported  by  them.^  The  solutions  were  made  up 
and  the  conductivities  and  densities  measured  as  described  by  them. 
In  place  of  the  small  Ostwald  viscometer  which  they  used,  and  which 
gave  too  short  a  period  of  transpiration  to  assure  agreement  with  Poiseuille's 
law  and  accurate  time  measiu-ement,  we  employed  a  quartz  viscometer, 
made  according  to  the  directions  of  Washburn  and  Williams.*  The  for- 
mates were  prepared  from  the  carbonates  by  treatment  with  formic  acid. 
The  sodium  fotmate  was  part  of  the  same  sample  as  that  used  in  the  pre- 
vious work.  Lithium  formate  was  recrystallized  from  the  anhydrous  acid, 
the  resulting  product  heated  for  about  a  day  at  125°  to  drive  off  most  of 
the  acid  and  then  recrystallized  from  alcohol.  The  rubidiiun  carbonate 
from  which  the  formate  was  made  contained  a  small  amount  of  potassium 
as  revealed  by  the  spectroscope.  The  formate  on  reoystallization  from 
the  add  retained  the  latter  so  tenaciously  that  it  was  necessary  to  neu- 
tralize the  residual  add  with  the  carbonate  before  recrystallization  from 
alcohol.  The  final  sample  did  not  show  the  potassium  lines ;  as  the  rubid- 
ium and  potassium  red  lines  are  so  close  together  it  is  possible  that  a  trace 
of  potassium  remained  in  the  salt,  but  it  must  have  been  very  small.  The 
procediu'e  for  the  preparation  of  caesitun  formate  is  like  that  for  the  rubid- 
ium salt  except  that  ether  must  be  added  to  reprecipitate  the  salt  from  the 
alcohol  solution.  The  original  caesium  carbonate  contained  sodium. 
Here  likewise  there  appeared  to  be  only  a  trace,  if  any,  of  the  impurity 
left  after  the  recrystallizations.  All  of  the  salts  were  analyzed  by  conver- 
sion into  the  sulfate  and  found  pure  within  the  limits  of  the  analytical 
method.  Rubidium  and  caesium  formates  are  exceedingly  hygroscopic. 
They  were,  therefore,  always  kept  in  a  glass  stoppered  weighing  tube, 
one  end  of  which  was  drawn  out  so  as  to  fit  the  neck  of  the  volumetric 
flask.    This  permitted  the  transfer  and  wdghing  of  the  material,  prelim- 

*  The  conductivity  of  the  acid  at  25**  averaged  about  6.4  X  10*^  and  at  18"  about 
5.6  X  10"*  reciprocal  ohms. 

«  This  Journal,  35,  737  (1913). 
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inary  to  makmg  the  sohitions»  with  a  minimum  exposure  to  moisture. 
Table  I  gives  the  data  for  the  conductivity  of  sodium  formate  at  IS"*. 
In  Col.  I  is  given  the  concentration  c  in  gram  mols  per  liter  of  solution; 
in  Col.  2  the  specific  conductivity  (x)  in  reciprocal  ohms;  in  Col.  3,  the 
specific  conductivity  (xj  corrected  for  the  conductivity  of  the  solvent; 
in  Col.  4  the  equivalent  conductivity  (X^,)  calculated  from  the  corrected 
specific  conductivity;  in  Col.  5  the  degree  of  ionization  (a),  the  necessary 
Xo  being  found  by  plotting  CXo/iooo  against  ioo/X«;^  in  Col.  6  the  icmiza- 
tion  constant  K  as  given  by  the  equation  o^cfi  —  a  =  K;  and  in  Col. 
7  the  percentage  error  in  the  meastu^ed  conductivity  which  would  account 
for  the  deviations  of  the  individual  values  of  K  from  the  average  value. 
This  percentage  error  is  given  because  relatively  large  deviations  in  the 
constant  may  be  due  to  very  small  errors  in  the  conductivity,  which  is 
the  measured  quantity  most  liable  to  error.  It  will  be  seen  that  this 
error  does  not  exceed  in  any  case  0.20%. 

Tabus  I. — ^Thb  CoNDUcnvirY  oi»  Sodiuh  Formats  SotunoN  at  18  • 
In  Anhydrous  Formic  Add. 


c. 

X* 

Xa. 

Xo. 

a. 

K. 

%err« 

0 

.... 

.... 

57.57 

0.05869 

0.003206 

0.003152 

53.71 

0.933 

0.760 

0.16 

0.06438 

0.003495 

0.003441 

53.31 

0.926 

0.746 

0.00 

0.07724 

0.004II5 

0.004059 

52.55 

0.913 

0.738 

0.10 

0.08320 

0.004418 

0.004364 

52.33 

0.909 

0.759 

0.15 

0.09323 

0.004886 

0.004832 

51.83 

0.900 

0.757 

0.10 

0.09739 

0.005074 

0.005018 

51.52 

0.895 

0.741 

0.05 

O.IIII 

0.005696 

0.005642 

50.78 

0:882 

0.732 

0.19 

O.II58 

0.005909 

0.005855 

50.55 

0.878 

0.732 

0.20 

O.I3IO 

O.0066II 

0.006555 

50.02 

0.869 

0.755 

0.15 

0.1365 

0.006828 

0.006774 

49.63 

0.862 

0.734 

0.17 

0.1569 

0.007711 

0.007656 

48.78 

0.847 

0.738 

0.15 

0.1660 

0.008108 

0.008054 

48.52 

0.843 

0.750 

0.06 

0.1808 

0.008722  ' 

0.008666 

47.93 

0.832 

0.748 

0.05 

0.1878 

0.009014 

0.008960 

47.71 

0.829 

0.752 

0.14 

0.2238 

0.01043 

0.01037 

46.35 

0.805 

0.744 

0.04 

0.2794 

0.01253 

0.01248 

44.66 

0.776 

0.750 

O.IO 

0.2832 

0.01267 

0.01261 

44.55 

0.774 

0.749 

0.13 

0.2997 

0.01330 

0.01324 

43.99 

0.764 

0.741 

0.16 

0.3258 

0.01417 

0.01412 

43.34 

0.753 

0.746 

0.00 

0.3453 

0.01480 

0.01474 

42.70 

0.742 

(0.735I 

Av.,    0.746 

Table  II  gives  the  viscosity  data  obtained  with  the  quartz  viscometer.* 
In  Col.  I  are  presented  the  concentrations  {c)  in  gram  mols  per  liter  of  solu- 
tion; in  Col.  2  the  relative  viscosity,  rd  r\^9y  of  the  solution  at  25^; 

*  Sec  Kraus  and  Bray,  This  Journal,  35*  1324  (1913);  also  S.  and  M.,  p.  1596. 

*  The  ample  formula,  ni  ^  n\  i^/t\du  can  be  used  with  this  instroment  and  the 
viaoonties  were  calculated  by  its  means  from  the  time  of  transpiration  and  the  densities. 
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in  Col.  4  and  6  the  densities  (di^o)  and  the  relative  viscosities,  rel  tiis; 
respectively  of  the  solutions  at  i8  ^.  The  viscosity  data  obtained  with  the 
quartz  viscometer  and  those  obtained  with  the  small  Ostwald  instru- 
ment have  been  compared  with  one  another  by  means  of  the  interpolation 
formula  which  was  found  by  S.  and  M.  to  reproduce  their  values.^  These 
calculated  values  are  found  in  Col.  3  and  are  seen  to  be  in  excellent  agree- 
ment with  those  obtained  in  the  more  reliable  Washburn  viscometer. 
Hence  we  may  conclude  that  all  of  the  viscosity  data  of  S.  and  M.  have 
the  same  degree  of  reliability  as  those  for  the  soditun  formate  solutions 
because  for  all  of  them  the  same  instrument  was  used  and  about  the  same 
range  of  time  of  transpiration  obtained.  It  is  to  be  noted  that  the  rela- 
tive viscosities  at  25^  are  based  on  the  viscosity  of  the  pure  add  at  this 
temperattu-e,  while  those  at  18  "^  are  based  on  the  viscosity  of  the  acid  at 
18  ^'  Finally  it  is  possible  to  reproduce  acurately  the  relative  viscosity 
of  the  solutions  at  18^  by  the  method  of  interpolation  used  for  the  25^ 
data.  This  consists  of  choosing  values  for  A  corresponding  to  the  con- 
centration c  and  substituting  them  in  the  formula 

lilt''  «  I  +  Ac. 

The  values,  A,  for  the  different  concentrations  are  given  in  Col.  5. 

Tabls  II. — Rrlativb  ViscosrTY  OF  Sodium  Pormatb  SomnoNS  in  Anhydrous 
Formic  Acid  at  25  and  18°,  and  Densitibs  at  18^. 


c. 

rdf^e. 

rel  f||0  Qg^ 

rfljO. 

A„- 

rel  ,„•. 

0 

I. 0000 

I. 0000 

I. 0000 

0.05741 

1.0408 

1. 041 

0.06I9I 

1.2254 

0.756 

1.0468 

0.08267 

1.2262 

0.747 

I. 0618 

0.1263 

1.0876 

1.086 

0.1283 

1.2275 

0.735 

1.0943 

0.1962 

I . 1359 

1.^36 

0.2107 

1.2304 

0.732 

I. 1543 

0.2629 

I. 1834 

I.  181 

0.3027 

I. 2331 

0.732 

I. 2216 

0.3708 

1.2649 

1.264 

0.4925 

1.2400 

0.764 

1.3763 

0.5617 

I. 4103 

1.409 

0.5642 

I. 2421 

0.771 

1.4352 

The  densities  at  18®  can  be  reproduced  very  accurately  by  the  formula 

d  =  1. 2233*  +  0.0335(7. 

» Loc,  cU. 

*  The  values  of  the  viscosity  of  the  pure  acid  at  the  two  temperatures  are  given  on 
p.  279. 

'  It  is  to  be  noted,  however,  that  the  density  of  formic  at  18^  was  found  to  be 
1.2224  in  several  actual  determinations.  This  figure  was  used  in  calculating  the 
viscosities,  as  the  difference  is  not  within  the  error  of  the  viscosity  measurements. 
The  analogous  foraiula  for  rubidium  formate  sdutions  also  contains  the  value  1.2233. 


Digitized  by 


Google 


STUDIES  IN  CONDUCTlvmr.     m. 


275 


In  Tables  III  and  IV  are  given  the  conductivity  data,  together  with  the 
calculations  for  the  equilibritun  constants  for  lithium  formate  solutions  at 
25^  and  18^,  respectively.  The  various  columns  correspond  entirely  to 
those  in  Table  I.    It  will  be  seen  that  the  agreement  with  the  equilibrium 

Tabls  III. — Tkb  CoNDUCTivrry  op  LrrniuM  Formate  Solutions  at  25® 
In  Anhydrous  Pormic  Add. 


a 

X' 

xa- 

V 

a. 

K. 

%ernw 

0.00000 

.... 

.... 

64.62 

.  . 

0.05748 

0.003446 

0.003379 

58.79 

O.9IOI 

0.530. 

0.00 

0.06920 

0.004062 

0.003995 

57.74 

0.8938 

0.521 

0.12 

0.07777 

0.004517 

0.004450 

57.22 

0.8856 

0.533 

0.06 

0.08100 

0.004693 

0.004626 

56.98 

0.8821 

0.535 

0.09 

0.08619 

0.004932 

0.004865 

56.43 

0.8736 

0.520 

0.20 

O.IIQ2 

0.006113 

0.006047 

54.85 

0.8491 

0.527 

0.12 

O.I218 

0.006658 

0.006591 

54." 

0.8377 

0.527 

0.13 

0.1365 

0.007338 

0.007270 

53.30 

0.8252 

0.532 

0.05 

0.1550 

0.008172 

0.008105 

53.30 

0.8096 

0.534 

O.IO 

0.1785 

0.009178 

0.009111 

51.07 

0.7906 

0.533 

0.09 

0.1955 

0.009901 

0.009834 

50.31 

0.7791 

0.537 

0.25 

0.2078 

0.01039 

0.010326 

49.70 

0.7694 

0.533 

O.IO 

0.2331 

0.01139 

0.01132 

48.57 

0.7518 

0.531 

0.04 

0.2622 

0.01249 

0.01242 

47.37 

0.7333 

0.529 

0.05 

0.2833 

0.01327 

0.0132 I 

46.62 

0.7217 

0.530 

0.00 

0.3056 

0.01408 

0.01401 

45.85 

0.7098 

0.530 

0.03 

0.3081 

0.01412 

0.01405 

45.62 

0.7062 

0.523 

0.3374 

0.01513 

0.01507 

44.66 

0.6914 

0.522 

0.3605 

0.01588 

0.01581 

43.86 

0.6789 

0.517 

0.3869 

0.01671 

0.01664 

43.01 

0.6658 

0.513 

0.4272 

0.01792 

0.01786 

41.81 

0.6472 

0.507 

0.4545 

0.01874 

0.01868 

41.10 

0.6363 

0.506 

0.4938 

0.01978 

0.01972 

39.93 

0.6182 

0.494 

Table  IV. 

—The  Conductivity  op 

LrreiuM  Formate  Solutions  at  i8* 

In  Anhydrous  Formic  Add. 

c. 

X- 

Xfl. 

^a- 

a. 

K. 

0 

.... 

.... 

56.79 

. . 

0.07305 

0.003748 

0.003691 

50.53 

0.8898 

0.525 

0.16 

0.08728 

0.004377 

0.004320 

49.51 

0.8718 

0.517 

0.05 

0.1257 

0.005983 

0.005925 

47.15 

0.8303 

O.511 

0.14 

0.1678 

0.007621 

0.007567 

45.09 

0.7940 

0.513 

0.06 

0.1690 

0.007665 

0.007608 

45.02 

0.7929 

0.513 

0.12 

0.2018 

0.008855 

0.008799 

43.60 

0.7678 

0.512 

o.ia 

0.2054 

0.008997 

0.008939 

43.50 

0.7660 

0.515 

O.OI 

0.2216 

0.009569 

0.009510 

42.92 

0.7558 

0.518 

O.IO 

0.2531 

0.01063 

0.01057 

41.75 

0.7353 

0.517 

0.05 

0.2642 

0.01098 

0.01092 

41.36 

0.7283 

0.516 

O.OI 

0.3045 

0.01225 

0.01219 

40.05 

0.7052 

0.514 

0.08 

0.3598 

0.01383 

0.01377 

38.27 

0.6739 

0.500 

0.4178 

0.01540 

0.01535 

36.74 

0.6470 

0.495 

0.4501 

0.01623 

0.01617 

36.04 

0.6347 

0.496 

0.4834 

0.01698 

0.0x630 

35.01 

0.6130 

0.469 
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law  at  both  temperatures  is  excellent;  in  only  one  experiment  does  the  maxi- 
mimi  experimental  error  corresponding  to  the  deviation  from  the  average 
value  amount  to  more  than  0.20%,  and  in  most  of  them  the  error  is  only 
about  one-half  of  this.  Systematic  deviation  from  the  equiUbrium  law 
seems  to  begin  at  a  concentration  of  about  0.3  molar,  from  which  point, 
as  the  concentration  increases,  the  value  of  the  "constant"  falls  steadily.^ 
In  Table  V  are  given  the  relative  viscosity  and  the  density  data  for 
lithium  formate  solutions  at  25^  and  18^.  The  meaning  of  the  data  in 
the  various  columns  will  need  no  further  description.  The  terms  relative 
viscosity  are  used  in  this  table  as  in  all  others  in  the  sense  described  in  the 
discussion  of  Table  II. 

TabIvB  V. — HBJjinvz  Viscosity  and  Density  op  LiTmuM  Formats  Soi^utions  in 
FoRiac  Acid  at  18  *  and  25'. 


c. 

d^o. 

4„o. 

relijjjo. 

rel  ,„o. 

0 

I. 2142 

1.2224 

I. 0000 

I. 0000 

0.08513 

1.2242 

1.0593 

0.08583 

I. 2174 

1.0566! 

0.08729 

I. 2164 

0.1292 

1.2255 

1.0884 

0.1347 

I. 2170 

1.0885 

0.I8I0 

1.2264 

1 .  1202 

0.2039 

I.2I8I 

1.1330 

0.2605 

I. 2190 

I.17II 

0.2703 

1.2284 

I. 1861 

0.3441 

1. 2301 

1.2343 

0.3446 

1.2275* 

0.4064 

1.2223 

1.2690 

0.4335 

1. 2319 

I. 2914 

0.4669 

1.2240 

I.3117 

The  densities  of  the  solutions  at  25  °  are  accurately  reproduced  by  the 
formula  d  =   1.2142  +  0.021(7;  at  i8^  by  the  formula  d  =   1.2224  + 

0.0222(7. 

As  was  pointed  out  by  S.  and  M.  the  viscosities  are  not  a  linear  function 
of  the  concentration,  the  constant  A  in  the  formula  17  *=  i  +  At;  usually 
showing  a  minimum.  The  variation  in  A  for  the  data  at  25  ^  is  very  small, 
however,  in  the  case  of  lithium  formate  solutions,  so  that  they  can  be 
reproduced  fairly  well  by  the  formula  rel  rfu^  =  i  +  066^  while  at  18** 
the  formula  rel  lyig*  =  i  +  0.695c  gives  merely  a  rough  interpolation. 
The  minimum,  which  is  reached  at  a  concentration  about  0.18  molar, 
in  the  A  value  for  the  last  equation  is  0.68,  which  is  sufficient  to  introduce 
an  error  greater  than  the  experimental  one. 

!  See  S.  and  M.,  Loc,  cit.,  p.  1599. 

*  The  viscosity  of  this  solution  was  calculated  from  the  density  obtained  by  the 
fonnula. 
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InTable Viand VII  are  given  the  conductivity  data  for  rubidium  formate 
solutions  at  25  °  and  18°,  respectively.  It  will  be  seen  that  agreement  with 
the  equilibrium  law  is  again  excellent;  in  only  one  of  the  determinations  is 
there  an  error  greater  than  0.2%.  Systematic  deviation  from  the  law 
begins  apparently  at  a  concentration  somewhat  greater  than  0.3  molar. 

Tabim  VI. — Conductivity  of  Rvbjdtvu  Pormatb  Solutions  in  Formic  Acid  at  25  *. 


c. 

x* 

Xfl. 

x^. 

a. 

K. 

%  ttrot 

0 

«... 

.... 

69.88 

0.04964 

0.003390 

0.003322 

66.92 

0.9579 

1.082 

•     0.00 

0.06852 

0.004581 

0.004517 

66.86 

0.9434 

1.078 

0.03 

0.08026 

0.005302 

0.005238 

65.27 

0.9341 

1.063 

0.12 

0.1088 

0.007025 

0.006961 

64.05 

0.9167 

1.096 

0.08 

0.1489 

0.009334 

0.009272 

62.29 

0.8910 

1.084 

O.OI 

0.1742 

0.01075 

0.01069 

61.33 

0.8776 

1.096 

0.08 

0.1990 

0.01200 

O.OII94 

60.30 

0.8626 

1. 072 

0.09 

0.2438 

0.01437 

O.OI43I 

58.70 

0.8400 

1.075 

0.08 

0.2779 

O.OI6IO 

0.01603 

57.70 

0.8257 

1.087 

0.03 

0.3096 

0.01762 

0.01755 

56.69 

O.8112 

1.079 

0.02 

0.3477 

0.01943 

0.01937 

55.69 

0.7970 

1.088 

0.04 

0.3877 

0.02II7 

0.02II0 

54.44 

0.7790 

1.065 

0.3924 

0.02I3I 

0.02125 

54.23 

0.7760 

1.055 

0.4237 

0.02274 

0.02268 

53.53 

0.7661 

1.063 

%  VII.— The  Conducttvity  o»  Rubidium  Fokmatb  Solutions  in  Formic  j 

AT 

18*. 

c- 

x« 

Xa, 

V 

a. 

K. 

%  error. 

0 

.... 

.... 

61.35 

0.07128 

0.004146 

0.004094 

57.37 

0.935 

0.964 

0.17 

0.1066 

0.005994 

0.005942 

53.74 

0.908 

0.961 

0.22 

0.1583 

0.008580 

0.008524 

53.82 

0.877 

0.995 

0.05 

0.1685 

0.009071 

0.009015 

53.51 

0.872 

1. 000 

0.16 

0.2200 

0. 01 143 

0. 01 138 

51.73 

0.843 

0.999 

O.IO 

0.2685 

0.01358 

0.01352 

50.35 

0.821 

1.008 

0.30 

0.3210 

0.01572 

0.01566 

48.80 

0.796 

0.994 

0.05 

In  order  to  be  able  to  make  the  calculation  discussed  in  the  footnote 
on  p.  280,  the  densities  of  the  rubidium  formate  solutions  were  determined 
to  an  accuracy  of  about  0.2%  by  the  method  aheady  mentioned.  The 
data  for  the  individual  experiments  need  not  be  given  as  the  following 
formulas  reproduce  them  sufficiently  closely.    At  25® 

d  =  1.2142  +  0.085c 
and  at  iS"" 

d  =  1.2233  +  o.oSoc. 

In  Table  VIII  are  given  the  conductivity  data  for  caesium  formate  solu- 
tions at  25**.  Here  again  deviation  from  the  equihbrium  law  is  very  small 
— in  most  cases  far  below  0.2%.  Systematic  deviation  seems  to  begin 
at  about  0.38  molar. 
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Tablh  VIII.— CoNDUcmnTY  OF  CASsnnc  Pormatk  Solutions  in  Anhydrous  Formic 

Acid  at  25'. 


c. 

x- 

Xfl. 

Xa. 

a. 

E. 

%ernM 

0 

.... 

.... 

64.96 

0.03057 

0.002001 

0.001938 

63.39 

0.9756 

1. 193 

0.03 

0.05543 

0.003515 

0.003454 

62.29 

0.9586 

X.230 

0.16 

0.07919 

0.004899 

0.004836 

61.07 

0.9399 

1. 164 

O.Q5 

O.IOI9 

0.006185 

0.006I2I 

60.09 

0.9249 

1. 160 

O.IO 

O.I4I9 

0.008374 

0.0083II 

58.57 

0.9013 

,    I. 169 

0.04 

0.2008 

O.OII42 

O.OII36 

56.55 

0.8704 

1. 174 

O.OI 

0.2577 

O.OI42I 

O.OI4I5 

54.90 

0.8449 

1. 186 

O.OI 

0.2961 

O.OI60I 

0.01595 

53.84 

0.8286 

1. 186 

O.OI 

0.3449 

O.OI8I6 

O.OI8IO 

52.47 

0.8076 

1. 169 

0.15 

0.3893 

0.01996 

0.01989 
Sumi 

51.10 

nary. 

0.7864 

1. 159 

I.  The  solutions  of  the  highly  ionized  formates  of  lithium,  rubidium 
and  caesium  in  (anhydrous)  formic  acid  are  found  to  obey  the  law  of 
chemical  equilibrium  over  a  fairly  large  range  of  concentration  wlien  the 
degree  of  dissociation  is  calculated  from  the  conductivity  data  without 
correction  for  the  changing  viscosity  of  the  solutions.  For  the  formates 
of  soditun,  lithium  and  rubidium  this  has  been  established  at  the  two 
temperatures,  25°  and  18**.  Table  IX  gives  a  list  of  the  formates 
thus  far  investigated  from  this  point  of  view,  and  smnmarizes  briefly  the 
numerical  values  of  a  munber  of  the  important  constants.  In  the  table, 
K  means  the  equiUbrium  constants;  the  other  headings  need  no  further 
explanation. 

Tasub  IX.— Table  op  Constants.^ 

0.515 


SubcUnce.  1^** 

Lithitun  fonnate 0.530 

Phenyl  ammonium  formate o .  798* 

Sodium  formate 0.815* 

Potassium  fonnate i  .019* 

Rubidium  fonnate i  .082 

Caesium  fonnate i .  181 

Ammonium  fonnate i .  230* 


0.746 
0.989 


Kn"- 

X,,,* 

X.„o/X.„«. 

64.6 

56.8 

1. 138 

64.7* 

•  . . 

65.4* 

57.6 

1. 135 

68.9» 

•  . . 

69.9 

61.3 

1. 139 

65.0 

69.9* 

Av.p  1. 137 
There  are  a  number  of  regularities  which  may  be  pointed  out  very  briefly, 
(i)  The  value  of  the  constant  increases  with  the  atomic  weight  of  the 
alkali  metal  ion*  and  consequently  also  with  the  electrolytic  solution  ten- 
sion of  the  metal.  In  the  same  way,  the  value  of  the  conductivity  at  in- 
finite dilution  increases  with  the  atomic  weight,  but  in  this  series  there  is 
a  striking  exception  in  the  case  of  caesium.    Furthermore  it  will  be  seen 

>  Data  marked  *  are  taken  from  the  work  of  S.  and  M. 

*  Leaving  out  of  consideration,  of  course,  the  ammonitun  and  the  phenyl  ammonium 
ions. 
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that  the  constant  at  18^  is,  in  each  case  where  the  data  are  at  hand,  less 
than  that  at  25  ^  indicating  that  the  process  of  ionization  in  these  solutions 
is  accompanied  by  absorption  of  heat.*  If  we  use  these  data  for  a  rough 
calculation  of  the  heat  of  dissociation  by  means  of  the  formula 

dlnK  ^    Q_ 
'  dt  RT^' 

integrated  on  the  assumption  that  the  heat  of  reaction  is  constant  over 
this  small  range  of  temperatiu'e  we  obtain  about  700,  2180  and  2200  cals. 
for  the  heat  of  dissociation  of  lithium,  sodium  and  rubidium  formates, 
respectively.     In  aqueous  solutions  it  is  believed  that  the  degree  of  elec- 
trolytic dissociation  of  the  strong  electroljrtes  usually  decreases  with  rise 
of  temperature,  whereas  in  the  cases  here  described  the  reverse  is  true. 
(2)  We  have  repeated  the  work  of  S.  and  M.  on  the  viscosity  of  sodium 
formate  at  25**,  using  a  Washbtirn  quartz  viscometer,  and  have  found  that 
the  new  data  correspond  practically  exactly  with  the  older  ones.    Hence 
we  may  have  the  same  degree  of  confidence  in  all  of  the  older  data  on  the 
viscosity  of  formate  solutions  as  has  already  been  explained.    Further- 
more, while  all  of  the  conductivity  data  thus  far  at  hand  agree  with  the 
demands  of  the  equilibrium  law  if  the  degree  of  dissociation  is  calculated 
from  the  equation  a  =  X/Xo ,  none  of  them  show  this  agreement  if  the  equa- 
tion a  =  7/  X/Xo  is  used,'  where  ri  is  the  relative  viscosity  of  the  solutions. 
Since  it  has  been  frequently  suggested  that  a  more  suitable  equation  for 
calculating  the  degree  of  dissociation  is  a  =  (17)^  X/X©  we  have  compared 
the  viscosities  of  the  solvent  and  the  conductivities  at  infinite  dilution  at 
two  temperatures  (18°  and  25°)  for  three  of  the  formates  in  order  to  get 
some  indication  of  the  value  of  **p"     It  will  be  seen  from  Col.  5  of  Table 
IX  that  the  ratio  of  the  conductivities  at  infinite  dilution  (X©)  at  the 
two  temperatures  is  practically  the  same  for  the  three  substances  for  which 
we  have  the  necessary  data;  the  difference  between  them,  about  0.35%, 
is  probably  within  the  range  of  experimental  error  when  it  is  considered 
that  each  X©  value  is  obtained  by  extrapolation.    The  viscosity  of  formic 
acid  was  found  by  us  to  be  0.01865  at  18°,  while  at  25°  it  was  0.01605. 
The  ratio  of  viscosities  at  the  two  temperatures  is,  therefore,  1.16,  while 
the  average  of  the  inverse  of  the  corresponding  ratio  of  X©  values  is  1.14, 
^  By  means  of  the  density  data  given  in  this  paper  and  in  that  of  S.  and  M.,  it  is 
possible  to  calculate  the  concentrations  of  the  solutions  in  terms  of  gram  molecules  per 
1000  cc.  of  solvent  instead  of  1000  cc.  of  solution  as  herein  given.    From  these  new 
values  for  the  concentrations  new  values  for  the  equivalent  conductivities  and  for  the 
constants  can  be  obtained.    WhUe  these  new  constants  differ  somewhat  from  the  others, 
their  relative  value  is  the  same  and  the  agreement  with  the  equilibrium  law  is  as  good  as 
when  calculated  the  other  way.    Also  of  course  the  calculated  values  for  Q  are  the 
same  as  those  given  herein. 

*  The  data  resulting  from  these  calculations  have  not  been  presented  in  this  paper 
because  they  are  just  like  those  given  by  Schlesinger  and  Martin. 
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a  difference  of  i.8%  which  is  far  beyond  the  experimental  error.  The 
simple  Stokes'  law,  therefore,  is  not  applicable;  an  equation  for  a  of  the 
tjrpe  mentioned  above  would  have  the  form 

^    /  \0.88 

«  »=  —  W 

Ao 

if  we  assume  for  the  present  that  the  relationship  between  the  conduc- 
tivity and  the  viscosity,  when  the  latter  is  changed  by  change  in  tempera- 
ture, is  the  same  as  the  (possible)  relationship  between  conductivity  and 
viscosity  when  the  latter  is  changed  by  change  in  the  concentration  of  the 
solutions.  If  a  is  calculated  from  this  equation  and  substituted  in  the 
equation  for  the  equilibrium  law,  no  agreement  is  found  with  the  demands 
of  the  latter.^  Hence  we  believe  that  the  conclusion  of  Schlesinger  and 
Martin  that  in  these  solutions  the  true  degree  of  dissociation  is  to  be  found 
from  the  conductivities  without  application  of  viscosity  corrections  has 
been  corroborated,  for  we  do  not  believe  it  possible  that  agreement  as 
close  as  we  have  found  between  the  equilibrium  law  and  these  conduc- 
tivities could  result  from  accidental  cancelations  of  errors  in  the  case  of 
seven  different  substances,  for  some  of  them  at  two  different  tempera- 
tiu-es. 

The  work  on  the  behavior  of  formates  and  other  salts  in  anhydrous  formic 
acid  as  solvent  is  being  continued  along  the  lines  already  mentioned  in 
previous  papers.  In  addition,  transference  experiments  are  under  way 
and  the  effect  of  the  addition  of  non-ionized  substances  to  the  solvent  is 
being  investigated. 

Chicago.  Ilu 


[Contribution  from  thb  Dbpartmbnt  of  Physical  Chbmistrt,  Princeton  Um- 

VERSITY.  ] 

THE  INTERACTION  OF  HYDROGEN  AND  CHLORINE  UNDER 
THE  INFLUENCE  OF  ALPHA  PARTICLES. 

By  Hugh  Stott  Tayi<or. 
Received  December  2.  1915. 

In  a  recent  communication  to  This  Journal,'  the  author  recorded  the 
results  of  certain  investigations  into  the  combination  of  hydrogen  and 
chlorine  under  the  influence  of  the  energy  obtained  from  radium  emana- 
tion. By  a  study  of  the  velocity  with  which  the  reaction  proceeded  the 
possible  mechanism  of  the  reaction  was  deduced  and  the  conclusion  was 
reached  that  the  process  was  parallel  in  several  important  respects  to  that 
occurring  in  the  photochemical  combination  of  the  two  substances.  The 
work  which  had  been  carried  out  in  the  laboratories  of  the  Technische 
Hochschule,  Hanover,  Germany,  was  interrupted  by  the  abnormal  situa- 

*  See  footnote  2,  p.  279. 

'  Tms  Journal,  37, 24  (1915). 
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tion  which  arose  in  Central  Burope  last  year,  and  as  a  consequence  the 
results  obtained  did  not  represent  the  final  conclusions  from  the  work 
in  hand.  Since  publication,  the  additional  material  obtained  has  been 
worked  through  and  has  led  to  several  modifications  of  the  original  com- 
munication which  it  is  desired  here  briefly  to  record. 

In  a  personal  communication,  Professor  Max  Bodenstein,  under  whose 
direction  the  work  was  carried  out,  has  called  the  attention  of  the  writer 
to  an  error  which  was  made  in  the  original  calculations  from  the  velocity 
data  which,  when  considered  alone,  modified  considerably  the  actual  re- 
sults obtained.  Further,  to  the  then  available  results  there  is  now  to 
be  added  one  further  series,  confirmatory  of  the  preceding  experimental 
work  and  suppljdng  a  basis  for  the  consideration  of  several  other  factors 
of  interest  in  the  investigation.  Also,  consideration  has  been  given  to 
another  factor,  the  correction  factor  for  the  alpha  particles  not  absorbed 
by  the  gas  but  reaching  the  walls  of  the  containing  vessel  there  to  lose  the 
charge.  Finally,  from  the  available  data,  a  computation  has  been  made 
as  to  the  amount  of  reaction  between  the  constituents  which  the  energy 
of  the  alpha  particles  could  effect.  It  is  the  piupose  of  the  following  to 
stunmarize  these  several  points. 

As  to  the  error  in  the  calculation  of  the  results  from  the  experimental 
data.  Reference  to  the  original  communication  (pages  29  and  32)  shows 
that  the  gases  were  analyzed  after  absorption  in  potassium  iodide  by 
titration  with  standard  thiosulfate  solution  and  estimation  of  the  hydro- 
chloric acid  with  standard  baryta  solution.  To  ensure  greater  accuracy, 
the  acid  titer  was  made  with  a  baryta  solution  exactly  one-third  the  strength 
of  the  thiosulfate  solution.  In  the  tables,  the  titers  were  presented  in 
equivalent  units.  The  solutions  used  were  actually  N/20  and  iV/6o, 
respectively.  From  these  tables  of  titers  the  actual  volumes  of  hydrogen, 
chlorine  and  hydrogen  chloride,  as  well  as  their  respective  partial  pressures, 
could  be  calculated.  In  the  calculations  previously  made  the  sum  of  the 
three  gases  in  the  sample  analyzed  was  set  equal  to  (2  X  Thio  titer  + 
Barjrta  titer),  on  the  asstunption  that  CI2  was  equal  to  H2,  and  that,  there- 
fore, for  the  hydrogen  there  must  be  reckoned  the  same  amount  as  for  the 
chlorine.  Obviously  this  is  an  error,  since  it  overlooks  the  fact  that  the 
thiosulfate  solution  is  N/20  with  .regard  to  Cli  and  not  for  CI2,  and  that, 
therefore,  the  thio  titration  represents  CI2  only  when  divided  by  two; 
then,  to  get  the  total  for  hydrogen  and  chlorine  this  has  again  to  be  multi- 
plied by  two.  In  other  words,  the  thiosulfate  titration  as  communicated 
in  the  original  paper  represents  as  it  stands  H2  +  CI2.  The  data  pre- 
viously obtained  had,  therefore,  all  to  be  subjected  to  the  recalculation 
which  the  discovery  of  this  error  necessitated.  Naturally  in  the  earlier 
measurements  of  a  series,  in  which  the  thiosulfate  titration  is  large  com- 
pared with  the  baryta,  the  divergence  from  the  former  values  was  con- 
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siderable.    The  more  hydrochloric  add  produced,  however,  the  less  the 
divergence  became. 

Series  x. 

Titer.  2Ha.  Cb. 


1. 

P. 

Ch. 

HCl. 

0. 

h.        «. 

h.      neOon.    O. 

*i,P/Bm.O. 

o 

676.5 

18.35 

0.50 

9.4 

II. 8  328.9 

326.5  0.997  0.99 

^•^lii  8 

I 

657.5 

16.27 

0.66 

II. 5 

26.1  317.3  303.2  0.984  0.98 

18.4/      • 

2.75 

638.7 

16.50 

1.36 

25.4 

45.7  294.0 

273.7  0.965  0.98 

12. 1 

6.67 

620.7 

13.80 

2.20 

44.4 

67.9  266.0 

242.5  0.932  0.97 

13.0 

11.67  602.8 

12.45 

3.30 

65 -9 

"73  235.5 

184. I  0.873  0.96 

13.5 

24.80 

1  585.2 

9.30 

5.66 

113. 8 

131. I  178.8 

171. I  0.809  0.95 

11.6 

31.50  569.7 

8.85 

6.87 

127.7 

157.7  157-2 

127.2  0.743  0.95 

9.8 

47.9 

551.8 

6.90 

8.17 

Series  2. 

General  mean. 

12.0 

0 

698.5 

16.65 

0.566 

12.0 

13.8  337.3 

336.5  0.997  0.99 

3.7 

I 

678.7 

18.00 

0.706 

X3.4 

21.5  326.0 

317.9  0.989  0.99 

17.5 

2 

660.0 

15.63 

1. 01 

20.8 

39.2  309.2 

290.8  0.978  0.98 

18.9 

4 

640.7 

15.70 

1.973 

38.1 

53.3  281.5 

266.3  0.963  0.98 

18.8 

6 

622.7 

13.10 

2.533 

52.4 

62.4  259.0 

249.0  0.949  0.97 

13.3 

8 

577.2 

12.80 

3.066 

57.9 

107.4  230.7 

181. 2  0.910  0.95 

17.5 

17.2 

526.1 

9.00 

5.10 

98.0 

I 12. 2  165. I 

150.9  0.867  0.93 

16.6 

20.75  435.9 

8.13 

5.783 

93.0 

...     125.0 

...     0.846     .. 

General  mean, 

17.1 

Series  3. 

0 

697.5 

19.15 

0.466 

8.3 

15.6  340.5  333.4  0.993  0.99 

13.2/ 

2.1 

678.8 

17.10 

0.80 

15.2 

26.5  324.2 

312.9  0.978  0.99 

4 

658.6 

17.20 

1.466 

25.7 

35.0  303.6 

294.3  0.9^3  0.98 

10.7 

6 

640.2 

13.60 

1. 617 

34.0 

80.4  286.1 

239.7  0.921  0.98 

12.6 

16. 1 

620.2 

13.12 

4.40 

77.8 

90.3  232.3 

219.8  0.874  0.97 

10.3 

20 

602.8 

12.20 

5.017 

87.8 

101.6  2x3.6 

199.4  0.845  0.96 

10.0 

25.1 

303.2 

II.  10 

5.65 

52.3 

82.8    99.3 

68.9  0.773  0.73 

10. 1 

43.5 

294.4 

3.80 

4.50 

Series  4. 

General  mean, 

10.6 

0 

858.0 

15.76 

7.66 

144.6 

154.0  284.4  275.0  0.997  1. 00 

(28.2) 

I 

835  .2 

13.12 

7.02 

149.8 

154.9  267.8  262.7  0.989  I. 00 

16.2 

2 

807.2 

14.18 

7.99 

149.6 

154.8  254.0 

248.8  0.978  I. 00 

17.0 

3 

756.0 

10.98 

6.533 

145.0 

155-3  233  0 

222.7  0.971  I. 00 

17.6 

5 

733.2 

12.00 

8.00 

150.6 

158.9  216.0 

207.7  0.956  I. 00 

15.0 

7 

671.3 

10.30 

7.523 

145.4 

180.8  190.3 

154.9  0.915  0.99 

15.2 

17 

652.7 

7.20 

8.04 

175.8 

181. I   150.4 

145.3  0.874  0.98 

13.7 

19 

601.5 

7.27 

8.656 

166.9 

172. 8. 133. 9 

128.0  0.859  0.96 

12.3 

21.6 

585.4 

5.96 

7.693 

168.2 

176.3  124.5 

118. 4  0.841  0.95 

15.9 

24.7 

544-3 

5.72 

8.333 

164.4 

192.5   107.8 

79.7  0.787  0.94 

13.9 

41.5 

528.0 

4.33 

9.99 

186.6 

193.2     77.4 

70.8  0.720  0.93 

15.0 

46.2 

510.0 

3.86 

10.07 

•  •  • 

...        ... 

General  mean. 

15.2 
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Series  5. 
2HC1.  Cb. 


EmanatioB 


t.               P.                 a.  b,                a.                 b.  correction.         O.      ib.  P/Em.G. 

o  873.1  126.8  216.9  325.4  235.3.  0.946  1. 00       .19.7 

15.0  8cx>.0  198.7  214. 1  217.7  200.3  0.883  1. 00  21.5 

18. 1  778.0  208.3  220.5  194.7  182.5  0.863  1. 00  18.3 
21.3  725.0  205.4  213.7  170.  X  161. 7  0.844  ^-OO  14.7 
24.0  706.3  208.2  250.5  157.7  zi5*4  0.789  0.99  18. 1 
39.7  685.0  243.0  256.0  1X2. 8  99.8  0.725  0.99  17.8 

46 . 2  ...            ...  ...  ...           ...  •  •  •     , 

General  mean,  18.2 

To  the  original  material  of  the  previous  communication,  recalculated 
in  accordance  with  the  above,  there  is  now  added  a  series  (5)  performed 
with  the  same  emanation  as  that  employed  in  Series  4  of  the  original 
work,  with  gas,  however,  which  was  obtained  after  regeneration  of  the 
hydrochloric  acid  solution  from  which  the  gases  were  prepared  by  elec- 
trolysis. The  run  of  the  figures  obtained  is  in  every  way  similar  to  those 
previously  recorded.  It  will  be  shown,  however,  that  the  gases  employed 
were  considerably  more  reactive,  due  to  replenishment  of  the  hydro- 
chloric add  used. 

The  correction  for  incomplete  absorption  of  the  alpha  particles  by  the 
gas  may  now  be  considered.    The  range  of  the  bulb  employed  was  approxi- 
mately 5.6  cm.  in  air.    According  to  Rutherford^  the  range  in  hydrogen- 
chlorine-hydrochloric  add  is  greater  than  this.     From  the  ionization  curves 
there  given,  it  is  possible  to  eflfect  a  correction  for  the  alpha  partides 
which  reach  the  outer  glass  walls.     In  this  regard  it  must  be  observed  that 
the  range  5.6  cm.  of  the  small  bulb  refers  to  the  rays  from  Radium  C 
alone  and  in  this  particular  calculation  for  those  radiations  only  which 
travel  normally  through  the  walls  of  the  emanation  bulb.    The  radia- 
tions from  the  emanation  and  from  Radium  A  will  all  be  absorbed  in  the 
gas.     Also  the  alpha  partides  from  Radiuiq  C  passing  transversdy  through 
the  walls  of  the  emanation  bulb  have  a  longer  path  in  the  glass  and  natur- 
ally, therefore,  a  shorter  in  the  gas.     It  is  possible,  as  was  done  by  Lind,* 
to  make  an  exact  calculation  of  the  alpha  particles  which  so  behave  and 
to  correct  for  them,  but  since  the  alpha  partides  whose  activity  is  lost 
in  the  walls  of  the  containing  vessel  forms  but  a  small  fraction  of  the  total 
number  emitted  into  the  vessel,  the  correction  employed  has  been  taken 
as  one-half  of  that  correction  which  would  be  required  were  all  the  alpha 
particles  from  the  Radium  C  to  leave  the  emanation  bulb  normal  to 
the  bulb  surface.     In  the  preceding  tables  under  G  there  is  recorded  the 
fraction  of  the  alpha  particles  which  are  absorbed  in  the  gas.    The  velodty 

1  "Radioactive  Substances  and  their  Transformations/'  p.  161,  ei  seq, 

*  Sits,  der  k,  Akad.  Wiss,  Wien.,  70  (191 1);  Wiener,  MaruUsh.,  32,  295  (1912). 
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constant  must  be  corrected,  therefore,  for  this  factor  by   dividing   the 

constant  obtained — by  the  corresponding  amount 

Emanation  correction 

tabulated  under  G. 

Certain  conclusions  may  be  drawn  from  the  data  yielded  by  the  calcu- 
lations tabulated  above  with  regard  to  the  reactivity  of  the  gases  used 
in  the  several  series  of  measurements.  In  the  earlier  paper  it  was  ob- 
served that  a  rough  test  of  the  gases  towards  light  showed  that  they  were 
by  no  means  comparable  in  reactivity  with  the  gases  employed  by  Boden- 
stdn  and  Dux.  It  was  suggested  that  the  cause  lay  in  the  exhaustion  of 
the  hydrochloric  acid  from  which  the  gases  were  generated.  This  conclu- 
sion is  confirmed  by  the  following  reasoning:  Series  2  and  3  were  carried 
out  with  the  same  filling  of  emanation.  Likewise  also  were  Series  4  and  5 
effected  with  one  sample  of  the  emanation.  Expt.  3  was  started  24.75 
hours  later  than  Expt.  2.  The  emanation  should,  therefore,  be  0.831  times 
less  active  in  the  later  experiment.  Were  the  gases  of  equal  reactivity 
in  the  two  series  the  velocity  constant  in  the  third  series  should  be  equal 
to  1 7. 1  X  0.831  =  14.2.  Actually,  however,  the  value  obtained  was 
10.6.  The  gases  were,  therefore,  considerably  less  reactive.  On  the  other 
hand,  the  time  elapsing  between  the  beginning  of  Expts.  4  and  5  was  such 
that  the  emanation  possessed  only  0.686  of  its  value  at  the  outset  of 
Expt.  4,  when  the  later  series  was  started.  In  the  intervening  time, 
however,  the  hydrochloric  acid  had  been  replenished  and  so  a  more  re- 
active gas  mixtture  would  be  expected.  That  this  is  so  is  evident  from 
the  fact  that  (0.686  X  A4)  =  (0.686  X  15.2)  =  10.4.  Actually  a  reac- 
tion constant  18.2  was  found.  The  gases  were  therefore  considerably 
better. 

It  is  of  interest  also  to  make  a  computation  of  the  amount  of  reaction 
which  is  brought  about  by  the  energy  supplied  to  the  gaseous 
system.  The  emanation  for  an  experiment  was  collected  for  four  days 
from  10  mg.  of  radium  bromide*  or  in  other  units  6  mg.  of  radium.  This 
quantity  of  material  would  yield  approximately  3  millicuries  of  emanation 
in  the  given  time.  Asstuning  that  of  this  quantity,  the  half  ultimately 
arrived  in  the  emanation  bulb  (which  practical  experience  led  one  to  be- 
lieve) and  that  of  this  amount  two-thirds  was  radiated  into  the  gas  and 
the  remaining  third  was  absorbed  in  the  mercury,  it.  may  be  computed 
that  4  X  10"  ions  were  radiated  per  second  into  the  gas.  In  the  most 
favorable  case,  the  beginning  of  Series  2,  the  data  obtained  from  the  titers 
reveal  that  7  X  lo^'  molecules  of  chlorine  are  converted  per  second  into 
hydrogen  chloride.  That  is,  approximately  4000  molecules  undergo 
reaction  for  each  pair  of  ions  radiated  into  a  gas,  which  as  regards  light 
sensitivity  was  considerably  inferior  to  that  employed  by  Bodenstein 
and  Dux  and  from  which  was  calculated  a  reactivity  of  lo*  molecules 
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per  quantum  of  light  energy.    The  comparability  of  the  two  reactions  in 
this  regard  is,  therefore,  in  good  measure  established. 

Between  the  researches  here  presented  in  their  modified  form  and  the 
photochemical  investigations  of  the  same  chemical  reaction  by  Bodenstein 
and  Dux,  a  considerable  degree  of  parallelism  is  quite  evident.  Any 
theory  that  aims  to  represent  the  facts  of  the  one  must  evidently  suggest, 
also,  explanation  of  the  other.  The  h3rpothesis  originally  put  forward  by 
Bodenstein  to  account  for  the  kinetics  of  the  photochemical  reaction  covers 
equally  well  the  facts  obtained  from  this  radioactive  study.  It  has, 
however,  excited  from  many  quarters  a  considerable  amount  of  criticism, 
which  has  called  for  a  reconsideration  of  the  original  theory.  The  conclu- 
sions to  which  such  reconsideration  has  led  will  form  the  subject  of 
another  communication  elsewhere  by  Professor  Bodenstein,  to  whom  is 
due  in  large  part  whatever  material  gain  in  knowledge  the  investigations 
herein  recorded  have  yielded. 

PRWCSTOlf,   N.   J. 


[CONTRIBXIinON  FROM  THB  DSPARtMSNT  OF  ChBUISTRY  OF  CORNSIX  UNIVERSITY.  ] 

THE  OXIDATION  OF  HYDRAZINE.    VII. 

THE  ALLEGED  ROLE  OF  NITROUS  ACID  IN  THE  FORMATION   OF 

HTDRONITRIC  ACID.^ 

By  a.  W.  Bkownb  and  O.  R.  Ovsrman. 
Received  August  26.  1915. 

In  a  series  of  investigations'  condficted  in  this  laboratory,  the  behavior 
of  a  number  of  oxidizing  agents  toward  hydrazine  in  aqneous  solution, 
and  usually  in  the  presence  of  sulfuric  acid,  has  been  studied.  On  the 
basis  of  the  results  obtained  it  was  found  possible  to  classify  the  oxidizing 
agents  provisionally  into  three  groups  comprising  those  substances  that 
oxidize  hydrazine  at  the  boiling  temperature  in  the  presence  of  sulfuric 
add: 

(a)  with  formation  of  fairly  large  amounts  of  hydronitric  add  and 
ammonia; 

(b)  with  formation  of  Uttle  or  no  hydronitric  add,  but  large  amounts 
of  ammonia; 

(c)  with  formation  of  little  or  no  hydronitric  acid  and  ammonia.    Hy- 
^  This  article  is  baaed  upon  the  thesis  presented  to  the  Faculty  of  the  Graduate 

School  of  Cornell  University  by  O.  R.  Overman  in  partial  fulfihnent  of  the  requirements 
for  the  Degree  of  Doctor  of  Philosophy.  The  experimental  work  was  completed  in 
June.  1915- 

A  typewritten  copy  of  the  original  thesis  will  be  found  in  the  files  of  the  Cornell 
University  Library. 

«  Browne,  Tras  Journal,  27,  551-5  (1905);  Browne  and  Shetterly,  Ibid.,  29, 
1305-12  (1907);  30,  53-63  (1908);  31,  221-37,  783-99  (1909);  Hale  and  Redfield,  33, 
1353-62  (191 1);  Hale  and  Nunez,  33,  i555-^3  (191 1). 
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drogen  peroicide,  potassium  chlorate,  and  potassium  persulfate  were  found 
to  be  typical  of  the  first  group;  potassium  permanganate,  manganese 
dioxide,  and  hydrated  ferric  oxide  of  the  second  group;  and  potassium 
iodate,  mercuric  oxide,  and  merciuric  chloride  of  the  third  group. 

From  the  list  of  substances  thus  studied  and  classified,  all  of  the  oxi- 
dizing agents  that  contain  nitrogen,  such  as,  for  example,  nitrous  acid,^ 
or  its  salts,^  and  esters,'  nitrogen  trichloride,^  and  nitric  add^  have  been 
excluded.  It  has  been  shown  previously  by  other  investigators  that 
various  substances  of  this  sort  react  with  hydrazine  under  proper  conditions 
yielding  hydronitric  add.  The  nitrogen  coupling  involved  in  the  trans- 
formation  of  hydrazine  into  hydronitric  add  by  means  of  such  reactions, 
has  hitherto  been  explained  on  the  assumption  that  a  more  or  less  direct 
condensation  of  the  oxidizing  agent  with  the  hydrazine  takes  place,  as  a 
result  of  which  the  nitrogen  of  the  oxidizing  agent,  in  certain  cases  at 
least  or  under  certain  conditions  in  a  given  case,  probably  partidpates 
in  the  S3nathesis  of  the  Na  group.  In  view  of  the  very  high  yidds  of  hy- 
dronitric add  obtained  by  Thide  and  by  Stolid*  by  the  action  of  alkyl 
nitrites  upon  hydrazine  hydrate  in  alcoholic  solution,  it  is  obvious  that 
the  nitrogen  of  the  oxidizing  agent  in  this  case  partidpates  quantitativdy 
in  the  synthesis  of  the  N3  group.  In  the  opinion  of  the  authors,  however, 
there  is  much  reason  to  doubt  whether  or  not  in  aqueous  solution  nitrous 
add  behaves  solely  in  this  way.  The  presence  of  nitrous  oxide  and  of  am- 
monia^ among  the  products  of  the  interaction  of  nitrous  add  and  hy- 
drazine in  aqueous  solution  seems  to  indicate  that  a  considerable  part,  at 
least,  of  the  nitrous  add  may  behave  after  the  fashion  of  certain  oxidizing 
agents  containing  no  nitrogen. 

It  has  long  been  the  contention  of  the  authors  and  their  co-workers, 
that  the  formation  of  hydronitric  add  and  ammonia  in  fairly  large  amounts 
from  hydrazine  by  the  action,  in  sulfuric  add  solution,  of  oxidizing  agents 
of  the  first  class  containing  no  nitrogen  is  to  be  explained  by  the  initial 
formation  of  intermediate  condensation  products  such  as  "buzylene," 

/N.H 
HNiN.NH.NHj,  or  "aminotriimide,"  NHj.nC  •       ,  which  subsequently 

^N.H 

*  Curtius,  Ber.,  26,  1263  (1893). 

*  Angeli,  AUi  accad,  Lincei,  [5]  2, 1,  569  (1893);  Chem.  Centr.,  1893,  II,  559;  Denn- 
stedt  and  Gohlich,  Chem.-Ztg.,  21,  876  (1897);  Ckem.  Centr.,  i9^y  II,  1093;  Dc  Girard 
and  de  Saporta,  Bull.  soc.  chim.,  [3]  31,  905-7  (1904).  See  also  Rimini,  AtU  accad. 
Lincei,  [5]  14,  I,  386-92  (1905);  Chem.  CerUr.,  1905,  I,  1546;  E.  Fnmcke,  Ber.,  38, 
4102  (1905). 

•Thiele,  Ber.,  41,  2681-3,  2806-11  (1908);   Stolid,  Ibid.,  41,  2811-13  (1908). 

*  Tanatar,  Ibid.,  32,  1399  (1899). 

*  Sabanejeff  and  Dengin,  Z.  anorg.  Chem.,  20,  21  (1899). 

*  Loc.  ciL 

^  Francke,  Loc.  cit.    See  also  Tins  Journai,,  31, 783-99  (1909),  p.  792,  footnote  6. 
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decompose  with  formation  of  hydronitric  acid  and  ammonia.    The  two 
stages  of  the  reaction  may  be  expressed  by  the  following  equations: 

2N2H4  +20  =  N4H4  +  2H2O 
N4H4  =  HNa  +  NH, 
In  support  of  this  hypothesis  may  be  cited  the  following  facts :    Diazo- 
benzenimide  and  aniline  may  be  obtained*  by  the  oxidation  of  phenyl- 
hydrazine  under  certain  conditions.    Similar  products  are  obtainable* 
by  the  decomposition  of  certain  buzylenes  in  accordance  with  the  equations : 

RiNH.NH.N:N.Rn  =  RiN,  +  R11NH2 
RiNH.NH.NrN.Rn  =  RiiN,  +  R1NH2 
Diazobenzenimide  may  be  formed  by  the  oxidation  of  phenylhydrazine^ 
with  hydrogen  peroxide.* 

From  a  consideration  of  the  analogy  between  hydroxylamine  and  hy- 
drazine in  their  behavior  toward  oxidizing  agents,  A.  AngeU^  has  inde- 
pendently formulated  an  explanation  of  the  formation  of  hydronitric 
add  as  an  oxidation  product  of  hydrazine  which  is  essentially  similar  to 
that  just  presented.  In  the  opinion  of  Angeli  the  oxidation  of  hydroxyl- 
amine results  in  the  formation  of  the  imstable  intermediate  product 
"nitroxyl"  which  polymerizes  to  hyponitrous  acid.  This  decomposes, 
yielding  nitrous  oxide  and  water.  The  entire  process  may  be  considered 
to  take  place  in  accordance  with  the  following  scheme: 
HiN.OH  NOH  NOH  Nv 

—>  — >      II  «     ||)>0  +  H,0 

HiN.OH  NOH  NOH  N-^ 

In  the  case  of  hydrazine  it  is  the.  opinion  of  Angeli  that  "diimide"  is 
formed  during  the  first  stage  of  the  reaction  and  at  once  polymerizes  to 
form  "tetrazone,"  which  then  decomposes,  yielding  hydronitric  acid  and 
ammonia.    The  progress  of  the  reaction  may  be  indicated  as  follows: 
H,N.NH,  HN:NH  N.NH,  Nv 

— ^  — ^      II  =     ||)>NH  +  NH, 

H,N.NH,  HN:NH  N.NH,  N'^ 

*  E.  Fischer,  Ber.,  10,  1336  (1877). 

«  Curtius,  Ibid,,  29,  759-83  (1896),  p.  781.  See  also  Wohl  and  Schiff,  Ibid,, 
33,  2741-58  (1900). 

*  Wtirstcr,  Ibid,,  20,  2631-3  (1887). 

*  Prom  the  fact  that  ammonia,  as  well  as  hydronitric  acid,  is  obtained  as  a  product 
of  the  oxidation  of  hydrazine  with  hydrogen  peroxide  it  would  seem  very  probable 
that  not  only  diazobenzenimide  but  also  aniline  should  be  formed  by  the  action  of 
hydrogen  peroxide  upon  phenylhydrazine. 

^  AUi  accad,  Lincei,  [5]  19,  II,  94-101  (1910),  p.  99.  This  article  was  not 
published  until  about  one  year  after  the  appearance  of  the  fourth  article  in  the  present 
series  of  investigations  on  the  oxidation  of  hydrazine  (Tms  Journal,  3I9  783-99  (1909)), 
in  which  a  detailed  discussion  of  the  theory  here  reviewed  was  presented.  Inasmuch 
as  no  reference  was  made  in  the  article  of  Angeli  to  the  theory  advanced  by  Browne 
and  Shetterly,  it  is  to  be  assumed  that  his  conclusions  were  reached  independently. 


Digitized  by  VjOOQIE 


288  A.   W.   BROWNS  AND  O,  R.   OVERMAN. 

From  this  brief  statement  it  will  be  at  once  recognized  that  the  theory- 
stated  by  Angeli  is  identical  with  that  previously  advanced  by  Browne 
and  Shetterly,  in  that  the  formation  of  hydronitric  add  and  ammonia 
by  the  oxidation  of  hydrazine  is  explained  on  the  assumption  that  inter- 
mediate condensation  products  of  the  natiure  of  higher  hydronitrogens 
are  formed.  One  point  of  difference,  however,  lies  in  the  fact  that  Angeli 
believes  this  intermediate  product  to  be  *'tetrazone,"  while  Browne  and 
Shetterly  have,  for  the  reasons  cited  above,  assiuned  it  to  be  "buzylene'* 
(or  perhaps  '*aminotriimide*')»  This  would  seem  to  be  justified  by  the 
fact  that  the  derivatives  qf  "tetrazone"  yield  on  decomposition  nitrogen 
and  the  derivatives  of  ammonia,  while  the  derivatives  of  **buzylene" 
yield  on  decomposition  the  derivatives  of  both  hydronitric  add  and  am- 
monia. 

A  second  point  of  diflference  between  the  two  statements  of  the  theory- 
lies  in  the  asstunption  of  Angeli  that  the  product  of  the  first  stage  of  the 
reaction  necessarily  is  "diimide."  The  authors  are  more  inclined  to 
believe  with  Browne  and  Shetterly  that  the  initial  product*  might  take 
either  the  form  H2N.N:  or  HN'.N'H,  according  as  two  hydrogen  atoms 
joined  to  the  same  or  to  different  nitrogen  atoms  were  first  removed. 
Polymerization  of  two  of  the  unsymmetrical  residues  would  obviously 
yield  **tetrazone,"  while  polymerization  of  two  of  the  symmetrical  residues 
would  be  expected  to  )deld  "tetrimide."  The  formation  of  "amino- 
triimide"  would  take  place  by  the  union  of  one  symmetrical  with  one 
unsymmetrical  residue.  The  symmetrical  residues  might,  of  course, 
spontaneously  take  the  form  of  ''diimide"  but  it  is  difficult  to  see  how  two 
of  these  **diimide"  molecules  could  •polymerize  to  form  "tetrazone"  as 
assumed  by  Angeli. 

The  final  stage  of  the  reaction  as  the  result  of  which  ammonia  and  hy- 
dronitric add  are  obtained  from  the  intermediate  condensation  product, 
may  simply  consist  in  an  intramolecular  rearrangement  of  this  product 
with  formation  of  the  empirically  isomeric  compotmd,^  ammonium  tri- 
nitride,  which  at  once  in  acid  solution  yidds  an  ammonium  salt  and  free 
hydronitric  add. 

^  There  is  some  reason  to  suppose  that  isomeric  or  perhaps  tautomeric  forms  of 
ammonium  trinitride  may  be  capable  of  existence.  In  the  course  of  an  investigatioii 
completed  in  this  laboratory  some  months  ago,  but  still  tmpublished,  Mr.  F.  Priedrichs 
discovered  that  ammonium  trinitride  forms  three  ammonates  with  the  respective 
formulas  NH4NS.NH,,  NH4N..2NHS,  and  NH4NS.4NHS.  It  was  found  that  while 
dther  the  monammonate  or  the  diammonate  could  be  readily  obtained  under  proper 
conditions,  neither  one  could  be  directly  prepared  from  the  other  by  addition  or  re« 
moval  of  ammonia;  or  in  other  words,  that  no  inversion  point  at  which  the  diammonate 
was  transformed  into  the  monammonate  could  be  located  although  the  inver^on  of 
each  of  the  compounds  into  ananunonous  ammonium  trinitride  and  saturated  solution 
was  readily  observable.  These  facts  may  possibly  point  toward  the  existence  of  at 
least  two  modifications  of  ammonium  trinitride.    Efforts  to  separate  the  two  forms 
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In  explanation  of  the  behavior  of  oxidizing  agents  of  the  second  dass, 
such  as  potassium  permanganate,  manganese  dioxide,  and  ferric  oxide 
toward  hydrazine  in  sulfuric  add  solution,  it  has  been  assumed  by  the 
authors  that  var3dng  amounts  of  some  such  intermediate  condensation 
product  as  "tetrazone,"  HjN.N:  N.NH2,  are  formed  and  are  subsequently 
decomposed,  yidding  nitrogen  and  ammonia  in  accordance,  perhaps,  with 
the  equations: 

2N,H4  +  2O   -   N4H4  +  2HjO 

NtH4  +  H2O  =  N2  +  2NH,  +  O 
The  reactions  expressed  by  these  equations  may  be  regarded  as  strictly 
analogous  with  the  formation  of  the  tetrazones^  by  the  oxidation  with 
mercuric  oxide  of  the  unsymmetrical  secondary  hydrazines  and  with  their 
decomposition  in  add  solution.* 

Oxidizing  agents  of  the  third  dass,  such  as  potassium  iodate,  mercuric 
oxide,  and  mercuric  chloride,  which  ordinarily  do  not  yidd  appredable 
amotmts  of  dther  hydronitric  add  or  ammonia,  in  all  probability  do  not 
yidd  intermediate  condensation  products  of  the  type  presumably  formed 
by  the  action  of  oxidizing  agents  of  the  first  and  second  dasses.  The 
residues  obtained  as  the  initial  product  of  the  oxidation  probably  undergo 
complete  oxidation  to  nitrogen  and  water  before  they  have  had  time  to 
polymerize,  or  in  any  event  even  if  polymerization  should  be  effected  the 
more  complex  molecules  must  them^dves  be  completdy  oxidized  bdore 
they  have  had  time  to  decompose  into  hydronitric  add  and  ammonia. 

In  a  recent  artide,  th^  theory  of  intermediate  condensation  products, 
reviewed  in  the  preceding  paragraphs  has  been  adversdy  criticized  by 
Sommer,'  who  has  presented  an  alternative  hypothesis  which,  in  his 
opinion,  is  less  complicated  and  is  in  doser  accord  with  the  facts. 

Pfom  the  viewpoint  of  this  hypothesis  the  oxidation  of  hydrazine  by 
means  of  oxidizing  agents  such  as  hydrogen  peroxide  and  potassium  per- 
sulf ate,  which  yidd  fairly  large  amounts  of  hydronitric  add  and  ammonia, 
may  be  considered  to  proceed  in  the  following  stages:  (i)  formation  of 
ammonia  as  the  initial  oxidation  product  of  hydrazine,  (2)  oxidation  of 
the  ammonia  with  formation  of  nitrous  add,  (3)  interaction  of  the  nitrous 
add  with  the  excess  of  unchanged  hydrazine  with  formation  of  hydrazine 
nitrite,  (4)  decomposition  of  the  hydrazine  nitrite,  which  proceeds  in  two 

by  fractional  sublimation  did  not,  however,  meet  with  success.  In  this  connection  it 
is  interesting  to  note  that  Mendel^eff  (Ber.,  23,  3464-72  (1890)),  predicted  the  trans- 
formation of  ammonium  trinitride  into  an  isomeric  form.  Further  experiments  will 
be  performed  in  this  laboratory  with  a  view  to  obtaining  the  isomers  of  ammonium 
trinitride. 

*  See,  for  example,  E.  Fischer,  Ann,,  199,  281-332  (1879). 

«  Renouf,  Ber.,  13,  2169-74  (1880). 

»  Z.  anorg.  Chem.,  S6,  71-87  (1914)- 
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concurrent  reactions,  one  of  which  yields  nitrous  oxide,  ammonia  and  water 
and  the  other  hydronitric  add  and  water. 

The  formation  of  ammonia  from  hydrazine  can  indeed  be  readily  ac- 
complished as  pointed  out  by  Sommer.  It  is  possible  to  obtain  ammonia^ 
for  example,  (i)  by  csiXalytic  decomposition^  of  hydrazine,  (2)  by  reduc- 
tion^ of  hydrazine,  and  (3)  by  oxidation  of  hydrazine.  The  formation 
of  ammonia  by  the  third  of  these  methods,  which  alone  is  of  particular 
importance  in  the  present  discussion,  has  been  repeatedly  observed  in 
this  laboratory  as  a  result  of  ntunerous  reactions  between  hydrazine 
and  the  various  oxidizing  agents  studied.  In  fact,  no  instance  of  the 
formation  of  hydronitric  add  as  a  product  of  the  oxidation  of  hydrazine 
without  the  simultaneous  formation  of  ammonia'  has  yet  been  recorded 
in  this  laboratory. 

The  ease  with  which  anmionia  may  be  experimentally  obtained  from 
hydrazine  by  various  methods,,  however,  affords  no  assurance  that  the 
mechanism  of  the  reactions  involved  is  necessarily  simple.  While  the 
mechanism  of  the  formation  of  ammonia  and  nitrogen  by  catalysis  (which 
could  be  regarded  as  analogous  with  the  formation  of  water  and  oxygen 
by  the  cataljrtic  decomposition  of  hydrogen  peroxide)  or  by  reduction  of 
hydrazine  may  be  relatively  simple,  that  of  the  formation  of  ammonia, 
which  is  normally  to  be  considered  a  reduction  product  of  hydrazine^ 
as  an  oxidation  product  of  hydrazine'  may  well  be  more  complicated. 
The  splitting  apart  of  the  nitrogen  atoms  in  the  hydrazine  molecule  by 
oxidation,  in  the  face  of  their  strong  tendency  to  escape  in  the  form  of 
molecular  nitrogen,  presents,  to  the  minds  of  the  authors  at  least,  very 
nearly  if  not  quite  as  difficult  a  problem  as  does  the  nitrogen  couplin^^ 
involved  in  the  formation  of  hydronitric  add  under  these  conditions. 
The  authors  find  it  impossible,  then,  to  agree  with  Sommer  that  "seine 
Bildung  fiber  das  Tetrazon  zu  erklaren,  erscheint  daher  sehr  gezwungen." 
On  the  basis  of  their  present  knowledge  of  the  subject  the  authors  are 
tmable  to  formulate  an  explanation  of  the  formation  of  ammonia  more 
satisfactozy  than  that  involving  (i)  the  splitting  off  of  one  molecule  of 
this  substance  from  an  unstable  intermediate  condensation  product 
containing  a  chain  of  four  nitrogen  atoms,  such  as  ''buzylene"  or  "amino- 
triimide"  the  remaining  three  atoms  of  which  would  in  either  case  retain 

*  Tanatar,  Z,  physik.  Chem.,  40,  475-80  (1902);  41,  37-42  (1902);  A.  Purgotti 
and  L.  Zanichelli,  Gazz.  chim.  ital.,  34, 1,  57-87  (1904). 

*  W.  T.  Cooke,  J.  Chem.  Soc.,  ig,  213  (1903). 

'  In  the  earliest  investigation  of  the  interaction  of  hydrogen  peroxide  and  hydrazine 
sulfate  conducted  in  this  laboratory  (Tms  Journal,  27,  551-5  (1905)),  no  attempt 
was  made  to  detect  ammonia  in  the  products  of  the  reaction.  Later  work  upon  tlie 
same  reaction,  however,  showed  conclusively  that  hydrogen  peroxide  was  no  exception 
to  the  general  rule,  but  that  large  amounts  of  ammonia  were  formed  during  its  inter- 
action with  hydrazine  sulfate.    See  This  Journal,  31,  221-237  (1909),  p.  231. 
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one  hydrogen  fonning  hydronitric  add,  or  (2)  the  splitting  ofiF  of  two 
molecules  of  ammonia  by  hydrolysis  from  a  molecule  of  "tetrazone," 
in  which  case  the  remaining  nitrogen  would  appear  in  the  form  of  molecular 
nitrogen. 

In  view  of  these  considerations  it  would  seem  fair  to  conclude  that, 
unless  Sommer  can  suggest  a  new  and  simpler  explanation  of  the  formation 
of  ammonia  as  an  oxidation  product  of  hydrazine,  his  adoption  of  this 
reaction  as  the  first  stage  in  the  process  of  obtaining  hydronitric  acid  by 
the  oxidation  of  hydrazine  would  seem  to  complicate,  rather  than  to 
simplify,  the  issue. 

The  formation  of  nitrous  add  by  oxidation  of  ammonia  can  be  effected 
under  proper  conditions.  The  literatiu-e  of  the  oxidation  of  ammonia 
is  very  extensive.  Among  the  investigators  that  have  given  attention 
to  the  oxidation  of  ammonia  in  aqueous  solution  may  be  mentioned  the 
following:  Loew^  found  that  blue  hydrated  copper  oxide  in  strong  am- 
monium hydroxide  solution  oxidizes  the  ammonia  to  nitrous  add.  Traube 
and  Biltz*  dectrolyzed  a  solution  containing  ammonia,  sodium  hydroxide, 
and  copper  hydroxide,  and  found  that  nitrites  and  nitrates  were  formed. 
Miiller  and  Spitzer^  observed  the  formation  of  nitrites  when  a  solution 
of  ammonia  and  an  alkah  was  electrolyzed  in  the  presence  of  copper 
hydroxide  or  with  an  iron  anode.  When  no  alkali  was  present,  however, 
a  nitrite  which  had  been  added  to  the  dectrolyte  was  destroyed  and  large 
amounts  of  gaseous  nitrogen  were  evolved.  When  an  add  or  neutral 
solution  of  ammonimn  sulfate  was  electrol)rzed  with  a  platinum  anode, 
ammonium  persulfate  and  hydrogen  were  formed.  Kempf^  allowed  a 
solution  of  ammonium  persulfate  in  a  dilute  solution  of  silver  sulfate  in 
sulfuric  add  to  stand  at.  room  temperature.  Nitric  add  was  formed. 
In  the  absence  of  silver  salts  this  oxidation  did  not  take  place.  Levi  and 
Migliomi*  heated  alkaline  and  neutral  solutions  of  ammonium  persulfate. 
Part  of  the  ammonia  was  oxidized  to  nitric  add.  Herschkowitsch' 
obtained  nitrous  add  and  nitric  add  by  the  action  of  potassium  permanga- 
nate upon  a  neutral  or  an  alkaline  solution  of  ammonium  sulfate.  Brochet 
and  Boiteau^  dectrolyzed  an  ammoniacal  solution  of  ammonium  carbonate 
and  noted  the  formation  of  nitrates.  Alexjew*  dectrolyzed  a  solution  of 
ammonium  sulfate  using  an  anode  of  lead  peroxide.  In  add  solution 
nitrous  oxide  and  in  alkaline  solution  nitrogen  was  formed.    Reitlinger* 

1  /.  prcJa,  Chem,,  [2]  18,  298  (1878). 

«  Ber.,  37»  3130  (1904). 

*  Ibid.,  38,  778  (1905);  Z.  Elektrochemie,  xx,  917  (1905)- 

*  Ber.,  38,  3966-71  (1905);  see  also  Ibid,,  38,  3972-4  (1905). 
»  Gasz.  chitn.  Ual,,  [2]  38,  10  (1908);  C.  A.,  a,  2912  (1908). 

•  Z.  physik,  Chem,,  65,  93  (1908). 

^  Bull,  soc,  ckim,  de  France,  [4]  5,  667  (1909). 

»  Jour,  Russ.  Phys.'Chem.,  4X,  1155  (1909);  Chem,  Zentr,,  1910, 1, 403. 

•  Z.  Elektrochem.,  ao,  261  (1914)- 
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obtained  nitrous  add  in  a  solution  of  ammonium  hydroxide  and  sodium 
hydroxide  by  electrolytic  oxidation.  Scagliarini  and  Casali^  observed 
anodic  oxidation  of  ammonia  in  ^  add  medium  in  the  presence  of  silver 
salts.     Nitric  add  but  no  nitrous  add  was  produced. 

Prom  the  foregoing  dtations  it  will  be  seen  that  the  formation  of  nitrous 
add  and  tv&i  of  nitric  add  by  the  chemical  or  by  the  dectrochemical 
oxidation  of  ammonia  in  neutral  or  alkaline  solution  has  repeatedly  been 
effected.  Up  to  the  present,  however,  no  evidence  of  the  formation  of 
these  substances  by  the  oxidation  of  ammonia  in  add  solution  has  been 
fotuid  by  the  authors,  with  the  exception  of  that  furnished  by  the  work 
of  Kempf^  and  of  Scagliarini  and  Casali,*  who  obtained  nitric  (but  no 
nitrous  add)  by  the  oxidation  of  ammonia  in  add  solution  in  the  presence 
of  silver  salts.  In  connection  with  his  investigation  of  the  oxidation  of 
ammonia  both  in  alkaline  and  in  acid  solution  in  the  presence  and  in  the 
absence  of  silver  sulfate  Kempf  makes  the  following  statement: 

"Bei  Abwesenhdt  eines  Silbersalzes  ist  dagegen  eine  Persulfatldsung  nicht  im 
Stande,  gebundenes  Ammoniak  in  schwef elsaurer  Ldsung  zu  Salpetersatire  zu  oxidieren. 
Es  kommt  diese  energische  Oxydationswirktmg,  die  der  von  den  Salpeterbacterien 
ausgeubten  ganz  analog  ist,  also  nur  dem  Silberperoxyd  zu,  nicht  der  Ueberschwefd- 
saure  oder  den  aus  ihr  leicht  entstehenden,  anderen  oxydierenden  Agentien:  dem  Ozon, 
der  Caro'schen  Satire  odex*  dem  Wasserstoffsuperoxyd." 

Among  the  condusions  drawn  by  Kempf  as  a  result  of  his  work  are  the 
following: 

(i)  "Alkalipersulfat  oxydirt  in  schwefelsaurer  L^sung  bei  Gegenwart  von  Silber- 
sulfat Ammonitmisalze schon bei gew6hnlicher Temperaturnahezu  quantitativ  zuSal- 
I)etersam'e,  (2)  Bei  Abwesenheit  von  Silbersalzen  tritt  diese  Oxydation  nicht  ein." 

Two  references  to  the  literatiu-e  of  nitrous  add  were  made  by  Sommer 
in  support  of  his  contention  that  the  oxidation  of  hydrazine  under  the 
conditions  prevailing  in  the  experiments  of  Browne  and  Shetterly  yields 
nitrous  add  as  a  product  of  the  alleged  seccmd  stage  of  the  reaction.  The 
first  reference  is  to  a  report  of  the  work  of  Weith  and  Weber,*  the  entire 
text  of  which  is  as  follows: 

"Die  HH.  Verfasser  haben  dagegen  constatirt,  dass  Wasserstoffsuperoxyd  tmd 
Ammoniak  mit  einander  reichlich  salpetrige  Satire  gaben,  wodurch  die  Entstefaung  der 
salpetrigen  Saure  in  der  Natur  eine  einfache  Erklarung  findet." 

This  meager  statement,  which  contains  no  information  whatever  con* 
ceming  the  conditions  tmder  which  the  experiment  was  performed,  as, 
for  example,  whether  the  ammonia  used  was  in  the  gaseous  form,  or  was 
in  add,  neutral  or  alkaline  solution,  has  apparently  been  accepted  by  Som* 
mer  as  a  corroboration  of  his  theory.  The  second  reference  is  to  the  work 
of  Kempf  ^  who  has  made  an  explidt  statement,  which  has  already  been 
quoted  above,  to  the  effect  that  in  the  absence  of  a  silver  salt  neither 

*  AtU  accad,  Lincei,  ax,  II,  726  (1913);  C,  A.,  7,  1457  (1913). 

•  Loc.  cit, 

» Ber„  7»  1745  (1874). 
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persulfuric  add  nor  hydrogen  peroxide  oxidizes  combined  ammonia  in 
sulfuric  acid  solution  to  nitric  acid. 

The  reliability  of  the  well-known  Kjeldahl  method^  and  its  numerous 
modifications  for  the  determination  of  nitrogen  further  attests  the  im- 
probability of  the  formation  of  volatile  nitrogen  acids  by  the  oxidation 
of  ammonia  in  strongly  acid  solution.  Powerful  oxidizing  agents  are 
often  used  in  connection  with  the  determination  of  nitrogen  by  this  method. 
Krtiger^  added  a  small  excess  of  potassium  dichromate  to  the  mixture  of 
the  substance  containing  nitrogen  with  sulfuric  add  in  the  digestion 
flask.  The  nitrogen  determination  was  fotmd  to  be  accurate.  In  the 
determination  of  nitrogen  in  nitro  and  nitroso  compounds'  the  compotmd 
was  first  reduced  by  heating  with  stannous  chloride  to  form  the  amido- 
derivatives  and  then  the  oxidation  was  carried  on  with  potassium  di- 
chromate. Dakin^  used  potassium  persulfate  to  oxidize  the  organic 
matter  rapidly  and  completdy  without  loss  of  nitrogen.  Milbauer^ 
determined  nitrogen  in  phenylhydrazine  and  in  various  hydrazones  and 
osazones.  The  substances  were  first  reduced  with  nascent  hydrc^en  from 
zinc  dust  and  sulfuric  add.  In  the  case  of  phenylhydrazine  the  reduction 
was  expressed  by  the  following  equation: 

QH^NH.NHa  +  2H  =  CeHjNHa  +  NH, 
Potassium  persulfate  was  then  added  and  the  mixture  was  digested. 
The  determination  of  nitrogen  was  accurate. 

Prom  the  foregoing  brief  review  of  the  literature  it  would  appear  that 
there  is  but  little  chance  that  nitrous  add  could  be  formed  under  any  ordi- 
nary conditions  by  the  action  of  oxidizing  agents  upon  ammonia  in  sul- 
furic add  solution.  In  order  to  ascertain  positivdy,  however,  whether  or 
not  nitrous  add  is  formed  under  the  particular  conditions  prevailing  in 
the  oxidation  experiments  of  Browne  and  Shetterly,  the  authors  have  con- 
ducted an  experimental  investigation,  the  results  of  which  will  be  discussed 
under  the  following  headings:  (i)  materials  used;  (2)  general  procedure; 
(3)  details  of  experiments;  and  (4)  summary. 

Materials  Used. — ^The  ammonium  sulfate  solution  used  in  this  investi- 

1  It  has  occtirred  to  the  authors  that  the  formation  of  ammonia  by  the  action  of 
oiadizmg  agents  in  strong  sulfuric  add  solution  upon  various  nitrogenous  substances 
may  be  in  a  sense  analogous  to  the  formation  of  water  in  the  presence  of  concentrated 
sulfuric  add  from  the  hydrogen  and  oxygen  contained  in  various  organic  substances. 
If  we  look  upon  the  charring  of  such  substances  by  the  action  of  concentrated  sulfuric 
acid  as  essentially  a  process  of  dehydration  effected  by  the  strong  acid,  it  may  not  be 
unreasonable  to  regard  the  formation' of  ammonia  as  a  process  of  deammonation  effected 
by  the  sulfuric  add  after  the  organic  molecules  have  been  in  part  broken  up  by  the 
oxidizing  agent. 

«  Ber.,  27,  609  (1894). 

»  EIruger,  Ibid.,  37,  1633  (1894). 

^  J,  Soc.  Chem.  Ind.,  az,  848  (1902}. 

*  Z.  anal,  Chem,,  43,  725  (1903). 
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gation  contained  10.18  g.  of  the  pure  salt  per  liter  and  was  thus  of  approad- 
mately  equimolecular  concentration  with  the  1%  hydrazine  sulfate  solu- 
tion employed  in  this  laboratory  in  the  oxidation  of  hydrazine.  The 
various  oxidizing  agents  were  employed  in  the  form  and  in  the  concentra- 
tion used  in  these  earlier  experiments.  The  hydrogen  peroxide  soluticm 
was  the  ordinary  3%  solution,  25  cc.  of  which,  diluted  with  50  cc.  of  dis- 
tilled water,  was  used  in  each  experiment.  The  potassitun  chlorate  solu- 
tion contained  9.423  g.  per  liter,  while  the  solution  of  potassium  permanga- 
nate contained  6.308  g.  of  this  substance  per  Uter.  Potassium  iodate  was 
used  in  the  form  of  a  solution  containing  16.458  g.  per  liter,  while  mercuric 
chloride  was  used  in  the  form  of  its  saturated  solution  of  which  50  cc.  were 
taken  for  each  experiment.  The  insoluble,  or  difficultly  soluble, 
oxidizing  agents,  including  potassium  persulfate,  manganese  dioxide,  hy- 
drated  ferric  oxide,  and  red  mercuric  oxide,  were  employed  in  the  solid  form. 

The  standard  nitrite  solution  used  in  the  experiments  was  of  such 
concentration  that  i  cc.  contained  o.ooi  mg.  of  nitrogen  in  the  form  of 
potassiiun  nitrite.  The  reagent  employed  in  the  detection  of  nitrous  add 
was  a  solution  of  a-naphthylamine  and  sulfanilic  acid  in  30%  acetic 
acid.*  The  distilled  water  used  throughout  the  entire  investigation  was 
shown  by  colorimetric  tests  made  with  this  reagent  to  contain  less  than 
0.005  part  of  nitrogen  in  the  form  of  nitrous  acid  per  million  parts,  that  is, 
less  than  0.005  nig-  oi  nitrogen  per  liter. 

General  Procedure. — ^The  apparatus  employed  in  the  experiments 
consisted  of  a  liter  distilling  flask  provided  with  a  two-hole  rubber  stopper, 
through  which  passed  the  stem  of  a  dropping  fimnel  and  a  tube  for  the 
admission  of  a  current  of  air.  To  the  side  arm  of  this  flask  was  sealed  a 
Reitmeier  bulb,  through  which  communication  was  established  with  a 
condenser.  The  receiver  consisted  of  two  250  cc.  Brlenmeyer  flasks  in 
series.  The  flask  nearer  to  the  condenser  was  connected  to  it  by  means 
of  an  adapter  and  contained  at  the  outset  25  cc.  of  water,  below  the  surface, 
of  which  dipped  the  lower  end  of  the  adapter.  The  second  Erlenmeyer 
flask  contained  at  the  outset  10  cc.  of  water,  into  which  dipped  the  end  of 
the  tube  through  which  connection  was  established  with  the  first  flask. 

In  each  of  the  experiments  recorded  in  Tables  I  and  II,  100  cc.  of  the 
ammonitun  sulfate  solution  were  placed  in  the  distilling  flask,  50  cc.  of  con- 
centrated sulfuric  acid  were  added,  and  the  resulting  liquid  was  heated 
almost  to  the  boiling  point.  The  solution  of  the  oxidizing  agent  was  then 
added  at  the  rate  of  about  40  drops  per  minute  from  a  dropping  funnel, 
the  tip  of  which  extended  well  below  the  surface  of  the  liquid  in  the  flask. 
In  case  the  oxidizing  agent  was  insoluble  or  difficultly  soluble  in  water, 

^  E.  M.  Chamot  and  H.  W.  Redfield,  "The  Analysis  of  Water  for  Household  and 
Municipal  Purposes,"  pp.  23,  24,  and  38  (i 911)  Taylor  and  Carpenter,  Ithaca,  New 
York. 
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it  was  introduced  into  the  flask  in  solid  form,  and  loo  cc.  of  the  ammonitun 
sulfate  solution  were  poured  in  upon  it.  Then,  after  the  mixture  had 
been  heated  almost  to  the  boiling  point,  the  sulfuric  add  was  added  drop 
by  drop  below  the  surface  of  the  liquid.  The  solution  in  the  flask  was 
kept,  in  either  case,  at  a  temperature  just  below  the  boiling  point  during 
the  whole  time  necessary  to  add  the  solution  of  the  oxidizing  agent  or  the 
sulfuric  acid.  The  temperature  was  then  raised  to  the  boiling  point  and 
100  to  150  cc.  of  liquid  were  distilled  over.  Throughout  the  entire  ex- 
periment a  slow  current  of  air  that  had  been  purified  by  passing  through 
Friederichs'  gas  washing  bottles  containing,  respectively,  concentrated 
sulfuric  add  and  concentrated  potassium  hydroxide  solution  was  either 
drawn  or  forced  through  the  apparatus.  This  served  to  keep  the  mixture 
in  the  flask  well  stirred  and  to  sweep  any  volatile  products  of  the  reaction 
over  into  the  recdver.  After  the  distillation  had  been  discontinued  the 
liquids  in  the  two  recdving  flasks  were  mixed  and  the  resulting  mixture 
was  tested  for  nitrous  add. 

In  Table  I  are  recorded  certain  particulars  concerning  the  individual 
experiments  performed  with  the  various  oxidizing  agents  in  the  attempt 
to  obtain  nitrous  add  by  the  oxidation  of  ammonia.  These  experiments 
were  carried  out  in  such  a  way  as  to  duplicate  so  far  as  possible  in  every 
respect  the  conditions  that  prevailed  in  the  experiments  of  Browne  and 
Shetterly  on  the  oxidation  of  hydrazine.  That  the  nitrous  add  if  formed 
even  in  mere  traces  would  promptly  be  carried  over  into  the  recdver 
was  demonstrated  by  means  of  a  blank  experiment  in  which  a  small  sample 
of  the  standard  nitrite  solution  was  used. 

TABtIt  I. 


No.  of 

Cc. 

Ozidixins 

No.  of 

Cc. 

Oxidicing 

Amount 

ezpt.  HtSO« 

agent. 

Amount  used. 

expt. 

HiSOi 

agent. 

used. 

I 

50 

H,0, 

25  CC.  3%  with  50  CC.  water 

9 

5 

MnO, 

1.6  g. 

2 

50 

H^ 

25  cc.  3%  with  50  cc.  water 

10 

5 

MnOs 

1.6  g. 

3 

50 

H,0, 

25  cc.  3%  with  50  cc.  water 

IX 

10 

MnOs 

1.6  g. 

4 

10 

KCIO. 

67  cc. 

12 

25 

FejOa  hydrated 

2.0  g. 

5 

50 

KjSjOs 

4.183  g. 

13 

25 

FeaO,  hydrated 

5.0  g. 

6 

50 

K,S,08 

4.183  g. 

14 

10 

KIOs 

50  cc. 

7 

50 

KMn04 

65  cc.  with  325  cc.  water 

15 

10 

KIO, 

50  cc. 

S 

50 

KMn04 

65  cc.  with  325  cc.  water 

16 

25 

HgO  (red) 

10. og. 

17 

25 

HgO  (red) 

xo.og. 

18 

25 

HgCl,  sat.  sohi. 

50  cc. 

19 

25 

HgCls  sat.  sohi. 

100  cc. 

In  no  experiment  were  appreciable  amounts  of  nitrous  acid  obtained. 
In  several  instances,  it  is  true,  traces  of  the  add  were  detected  but  never 
more  than  the  almost  infinitesimal  amount  present  in  the  distilled  water 
used.  Some  difficulty  was  experienced  in  the  case  of  hydrogen  peroxide 
and  potassium  chlorate,  owing  to  the  tendency  for  hydrogen  peroxide 
and  chlorine,  respectively,  to  distil  over  into  the  receiver.    Tests  were 
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made  in  all  cases  for  nitric  add  by  the  ferrous  sulfate  method,  but  in  no 
case  was  any  indication  of  the  presence  of  this  add  obtained. 

In  a  second  series  of  experiments  the  solution  in  the  distilling  flask, 
after  the  distillation  had  taken  place»  was  in  each  case  made  alkaline  and 
the  ammonia  was  distilled  into  standard  sulfuric  add.  The  details  of 
these  experiments,  in  which  three  oxidizing  agents  of  the  first  dass  have 
been  used,  are  given  in  Table  II. 

Table  II. 


No.  of 

Cc. 

Oxidising 

Ammonia 

Ammonia 

Percenta 

cxpt. 

HfSOi. 

ageat. 

Amount  used. 

taken  (g). 

found  (g). 

lOMOf  N 

20 

50 

HiO, 

25  CC.  3% 

50  CC. 

water 

0.2624 

0.2607 

0.64 

21 

50 

Hrf), 

25  CC.  3% 

50  CC. 

water 

0.2624 

0.2612 

0.46 

22 

10 

KClOi 

67  CC. 

0.2624 

0.2593 

1. 18 

23 

10 

KCIO, 

67  CC. 

0.2624 

0.2586 

1.45 

24 

10 

KCIO, 

67  CC. 

0.2624 

0.2604 

0.76 

25 

50 

K,S/), 

4.183  g. 

0.2624 

0.2615 

0.34 

From  these  experiments  the  condusion  may  be  drawn  that  ammonia 
is  practically  tmaffected  by  treatment  with  hydrogen  peroxide,  potassium 
chlorate,  and  potassium  persulfate  in  sulfuric  add  solution.  The  largest 
amount  of  ammonia  lost  in  any  case  (£xpt.  23)  amounted  to  1.45%. 
Bven  if  this  had  been  quantitativdy  converted  to  nitrous  or  to  nitric  add, 
the  quantities  of  these  substances  thus  formed  would  not,  under  the  most 
favorable  conditions,  produce  more  than  a  small  fraction  of  the  hydronitric 
add  normally  obtained  by  the  oxidation  of  hydrazine  with  any  one  of  the 
three  oxidizing  agents  under  consideration.  Moreover,  the  possibiUty, 
or  at  any  rate  the  probability,  of  the  conversion  of  ammonia  even  in  small 
amounts  to  nitrous  or  to  nitric  add  under  the  prevailing  conditions,  is 
virtually  exduded  by  the  experiments  recorded  in  Table  I. 

It  might  possibly  be  contended  that  the  influence  of  the  unoxidized 
excess  of  hydrazine  present  in  each  experiment  on  the  actual  oxidation  of 
hydrazine  until  the  oxidation  was  nearly  complete,  might  in  some  way 
favor  the  formation  of  nitrous  acid  by  oxidation  of  ammonia;  for  example, 
by  furnishing  a  means  for  the  very  rapid  disposal  of  the  nitrous  add  as 
soon  as  it  is  formed.  If  this  be.  at  aU  reasonable,  and  if  the  Sommer 
theory  be  correct,  it  is  to  be  expected  that  the  addition  of  ammonia  to 
the  reacting  mixtture  should  tend  to  increase  the  yidd  of  hydronitric  add 
obtained,  both  by  supplying  material  from  which  nitrous  add  could  be 
formed,  and  by  sparing  a  corresponding  amount  of  hydrazine  for  par- 
tidpation  in  the  later  stages  of  the  reaction. 

In  case,  however,  the  Sommer  theory  is  not  tenable,  and  the  theory 
propounded  by  Browne  and  Shetterly  is  to  be  given  credence,  it  would 
scarcdy  be  expected  that  an  increase  in  the  yidd  of  hydronitric  add  should 
be  obtained  by  the  addition  of  ammonia  to  the  reacting  mixture.  On 
the  other  hand,  it  is  even  possible  that,  by  increasing  the  active  mass  of 
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ammonia^  the  decompositioii  of  the  intermediate  condensation  products 
(which  yield,  as  stated  above,  either  hydronitric  acid  and  ammonia, 
or  ammonia  and  nitrogen)  might  be  retarded.  This  would  result  either 
in  permitting  their  complete  oxidation  to  nitrogen  and  water  by  the 
oxidizing  agent,  or  even  in  facilitating  their  preservation  in  the  unchanged 
condition  in  the  residual  liquid. 

In  order  to  ascertain  the  effect  of  adding  anmionia  to  the  reacting 
mixture  of  hydrazine  sulfate  and  hydrogen  peroxide  in  sulfuric  acid  solu- 
tion three  preliminary  experiments  have  been  performed.  These  ex- 
periments (the  details  of  which  are  given  in  Table  III)  were  performed 
under  conditions  exactly  similar,  except  for  the  addition  of  ammonia, 
to  those  prevailing  in  the  experiments  described  below  (in  Table  IV) 
and  in  those  described  in  the  earlier  articles  of  this  series.  The  ammonia 
was  added  in  the  form  used  in  the  preceding  series  of  experiments,  namely, 
in  the  form  of  a  solution  of  ammonium  sulfate  containing  10.18  g.  per 
Uter.  In  each  case  the  volume  of  this  solution  taken  was  about  one-half 
that  of  the  hydrazine  sulfate  solution.  This  proportion  was  chosen  in 
order  that  in  the  event  of  the  quantitative  oxidation  of  the  ammonia 
to  nitrous  add  there  would  be  formed  one  molecule  of  this  add  for  each 
molecule  of  hydrazine. 

The  procedure  consisted  in  mixing  the  hydrazine  sulfate  and  ammonium 
sulfate  solutions  with  sulfuric  add  in  the  usual  distillation  flask  and  then 
slowly  introducing  the  hydrogen  peroxide  as  before.  The  receiver  con- 
tained, in  place  of  pure  water,  5  cc.  of  a  10%  solution  of  silver  nitrate,. 
2  cc.  of  a  10%  solution  of  sodium  acetate,  and  35  cc.  of  distilled  water. 
After  the  oxidizing  agent  had  been  added  (at  the  rate  of  about  40  drops 
per  minute)  the  solution  was  boiled  imtil  all  of  the  hydronitric  acid  had 
been  distiUed  into  the  receiver.  The  predpitated  silver  trinitride  was  then 
washed  by  decantation  and  was  finally  collected  upon  an  asbestos  filter 
in  a  tared  Gooch  crudble.  The  crudble  with  the  predpitate  was  thor- 
oughly dried  in  an  evacuated  desiccator  over  concentrated  sulfuric  add 
and  was  weighed.     The  results  were  as  follows: 

Tabls  III. 

AgNi  gram. 
0.0906 

0.1945 
0.1905 

In  Bxpt.  38  about  one-third  of  the  usual  amoimt  of  hydrazine  sulfate 
was  replaced  by  an  equimolecular  quantity  of  ammonimn  sulfate.  On 
the  assumption  that  hydrazine  might  be  quantitatively  converted  to 
ammonia  and  ammonia  to  nitrous  acid,  the  yidd  of  hydronitric  add  ob- 
tainable under  the  conditions  of  Expt.  38  should  be  comparable  with  that 
from  100  cc.  of  the  hydrazine  solution  ia  the  absence  of  ammonia  (See 


No.  of 
expt. 

Cc. 
H.S04. 

Cc. 
N«H4.HjS04. 

Cc. 
(NH4)tS04. 

HtOs. 

38 

50 

67 

33 

25  CC.  3%50cc.  HjO 

39 

50 

100 

50 

.25  cc.  3%  50  cc.  HiO 

40 

50 

100 

50 

25  cc.  3%  50  oc.  HjO 
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Table  IV).  The  actual  yield  obtained,  however,  was  found  to  be  less 
than  half  of  this.  Since  it  would  scarcely  be  fair  to  draw  condusions 
from  this  experiment  alone,  Expts.  39  and  40,  in  each  of  which  the  full 
amount  of  hydrazine  was  used,  were  performed;  but  even  in  these  cases 
the  yields  of  silver  trinitride  were  considerably  lower  than  the  average 
yield  obtained  when  ammonium  sulfate  was  absent.  The  average  yield 
of  silver  trinitride  obtained  in  the  seven  experiments  on  the  oxidation  of 
hydrazine  by  hydrogen  peroxide  in  the  absence  of  ammonia  recorded  in 
Table  IV  amoimts  to  0.2327  g.  (max.  0.2468  g.,  min.  0.1891  g.).  The 
results  are  entirely  negative  so  far  as  any  possible  corroboration  of  the  Som- 
mer  theory  is  concerned.  The  authors,  however,  do  not  venture  to  say, 
at  the  present  stage  of  the  work,  that  they  afford  distinct  support  to  the 
theory  of  intermediate  condensation  products  at  present  accepted  in 
this  laboratory.  Further  work  on  the  influence  of  ammonium  sulfate 
upon  the  yields  of  hydronitric  add  and  ammonia  will  be  carried  on,  es- 
pedally  in  the  attempt  to  effect  the  isolation  of  the  intermediate  products 
by  retarding  their  decomposition.* 

Since  the  failure  to  demonstrate  the  oxidation  of  ammonia  to  nitrous 
add  in  sulfuric  add  solution  is  very  unfavorable,  if  not  quite  fatal,  to 
the  main  contention  of  the  Sommer  theory,  there  is  no  need  of  discussing 
in  detail  in  the  present  article  the  final  stages  of  the  reaction  between 
hydrazine  and  oxidizing  agents  that  contain  no  nitrogen,  as  they  have 
been  assumed  to  take  place  by  Somm^.  It  is  of  course  true  that  nitrous 
Add,  if  present,  would  oxidize  hydrazine  in  add  solution  under  proper 
conditions  to  hydronitric  acid.  The  interaction  of  these  substances  has 
been  investigated  during  the  past  few  years  by  a  number  of  workers. 
In  the  opinion  of  de  Girard  and  de  Saporta^  the  reaction  takes  place  as 
follows  : 

N,H4  +  2HNO2  =  N2  +  2NOH  +  2H,0 
E.  I^rancke*  calls  attention  to  the  formation  of  nitrous  oxide  and  am- 
monia in  accordance  with  the  equation 

N2H4HNO2  =  NH,  +  N2O  +  HtO, 
while  Dey  and  Sen'  believe  that  the  reaction  proceeds  quantitatively 
in  accordance  with  the  equations 

NaH4  +  2HNO2  =  N,  +  N,0  +  3H2O. 

N2H4  +  HNOt  =  NH,  +  N,0  +  H,0. 

In  the  first  of  his  "Studien  iiber  das  Hydrazin  und  seine  anorganischen 

Derivate"*  Sommer  attributes  the  formation  of  hydronitric  add  to  the 

^  Various  experiments  of  widely  differing  character  are  now  in  progress  in  thia 
laboratory  in  connection  with  the  search  for  the  higher  hydronitrogens. 

•  Loc.  cit. 

«Z.  anorg.  Chem.,  71.  236-42  (19");  74.  52-4  (^9"). 

<Ibid.,  83,  ii9-«37  (1913).  P-  134. 
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action  of  undissodated  nitrous  acid  upon  hydrazine  ions,  perhaps  in  ac* 
cordance  with  the  equation 

N2Hft+  +  HNOj  =  HNs  +  2H2O  +  H+. 
In  his  second  article^  he  explains  the  simultaneous  formation  of  hydro- 
nitric  acid  and  ammonia  as  a  result  of  the  decomposition  of  hydrazine 
nitrite,  which  he  beUeves  to  take  place  in  two  concurrent  reactions,  one 
of  which  yields  nitrous  oxide,  ammonia,  and  water,  and  the  other  hydro- 
nitric  acid  and  water. 

The  divergent  conclusions  reached  by  these  investigators  probably 
indicates  that  their  experiments  have  been  performed  under  different 
conditions.  While  not  prepared,  at  the  present  writing,  to  formulate 
definitely  their  own  views  concerning  the  mechanism  of  the  reaction, 
the  authors  will  here  simply  reiterate  the  statement  made  sometime  ago* 
to  the  effect  that  in  aqueous  solution  one  part  of  the  nitrous  acid  may 
simply  condense  with  the  hydrazine  to  form  hydronitric  acid,  while  another 
part  may  decompose  the  hydrazine,  after  the  manner  of  certain  oxidizing 
agents  containing  no  nitrogen,  with  formation  of  hydronitric  acid  and 
ammonia.  This  second  process  would,  in  the  opinion  of  the  authors, 
*  involve  the  formation  of  unstable  intermediate  condensation  products, 
while  the  nitrous  acid  itself  would  probably  undergo  reduction  to  hypo- 
nitrous  acid  or  nitrous  oxide.  Further  work  on  this  problem  will  be  carried 
out  in  this  laboratory  in  the  near  future  with  the  especial  object  in  view 
of  comparing,  over  the  widest  possible  range  of  conditions,  the  behavior 
of  typical  oxidizing  agents  containing  no  nitrogen  with  that  of  oxidizing 
agents  containing  nitrogen. 

In  order  to  obtain  a  comparison  between  the  behavior  of  hydrogen 
peroxide  and  that  of  nitrous  acid  toward  hydrazine  tmder  the  usual  con- 
ditions prevailing  in  the  oxidation  experiments,  and  especially  from  the 
viewpoint  of  the  yields  of  hydronitric  acid  and  ammonia,  a  preliminary 
series  of  experiments  has  been  performed.  The  hydrogen  peroxide  used 
was  a  3%  solution  which  had  been  tested  and  foimd  to  be  free  from  ni- 
trites. The  potassium  nitrite  solution  contained  6.54  g.  of  the  salt  per 
liter  and  was  thus  of  equimolecular  concentration  with  the  solution  of 
hydrazine  sulfate  which  contained  10.00  g.  of  N2H4.H2SO4  per  liter.  The 
apparatus  employed  was  similar  to  that  used  in  the  preceding  series  of 
experiments.  The  procediu^e  was,  briefly,  as  follows:  in  each  case  100  cc. 
of  hydrazine  sulfate  solution  together  with  50  cc.  of  concentrated  sul- 
furic acid  were  introduced  into  the  distilling  flask.  This  mixtiu*e  was 
heated  to  boiling  and  the  oxidizing  agent  was  introduced  well  below  the 
surface  of  the  liquid  at  the  rate  of  about  40  drops  per  minute.  In  the  one 
case  25  cc.  of  3%  hydrogen  peroxide  diluted  with  50  cc.  of  distilled  water, 
» Loc.  cit. 
»  This  Journal,  3i»  783-99  (1909)*  P.  792,  footnote  6. 
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and  in  the  other  150  cc.  of  the  solution  of  potassium  nitrite  were  used, 
except  in  the  case  of  Expts.  29  and  31,  in  which  only  100  cc.  were  used. 
The  reacting  mixture  was  kept  gently  boiling  throughout  the  addition 
of  the  oxidizing  agent,  and  efficient  stirring  was  effected  by  drawing  a 
current  of  air  through  the  liquid.  The  yields  of  hydronitric  add  and 
ammonia  were  determined  in  the  manner  described  above.  In  order  to 
insure,  so  far  as  possible,  the  maintenance  of  similar  conditions  through- 
out the  comparative  study  of  the  two  reactions,  the  experiments  in  the 
two  series,  with  the  exception  of  Expts.  26  and  27  were  carried  out  in 
parallel  with  the  aid  of  two  separate  pieces  of  apparatus.  The  fiulher 
details  of  the  experiments  are  given  in  Table  IV. 

Tablk  IV. 

No.  of         Oxidizing  AgNa  eb-  Yield  NHt  ob-  Yield 

ezpt.  agent.  uTned  (g.).         HNi  (%).  tidncd  (g.).        NHi  (%). 

26  HtOs  0.2366  40.96                .... 

27  HiOf  0.2457  4255                .-.• 

28  HsOi  0.2448  42.50  

29  KNOt  0.2026  35 .  15  

30  HfOs  0.2468  42.85  0.03466  53-97 
ai  KNOi  0.2592  45.00  0.01463  22.35 

32  H|0|  0.2318  40.25  0.03401  51.97 

33  KNOi  0.3035  32.69  0.00898  13.73 

34  H|Oi  0.1891  32.82  0.03579  54.69 

35  KNOj  0.3117  54.12  0.0x160  17.73 

36  HjOi  0.2340  40.37  0.03349  51  17 

37  KNOi  0.2730  47.40  0.01039  15.88 

In  the  foregoing  table  the  3rields  of  hydronitric  add  and  ammonia  have 
been  computed  on  the  basis  of  the  equation 

2N,H4  +  2O  «  HN,  +  NH,  +  2H,0. 

The  oxidation  of  hydrazine  was  complete  in  every  case  except  in  Expts. 
29  and  3 1 .  Since  the  first  six  experiments  were  of  a  more  or  less  preliminary 
character  the  results  obtained  in  them  have  not  been  included  in  the  average 
yields  given  below. 

The  average  yield  of  silver  trinitride  obtained  by  the  oxidation  of 
hydrazine  with  hydrogen  peroxide  in  Expts.  32,  34  and  36  is  0.2183  g., 
corresponding  to  37.81%  of  hydronitric  add;  the  average  yield  of  ammonia 
amounts  to  0.03443  g.,  or  52.61%.  The  average  yidd  of  silver  trinitride 
obtained  by  the  interaction  of  potassium  nitrite  and  hydrazine  sulfate 
in  Expts.  33,  35,  and  37  is  0.2961  g.,  corresponding  to  51.40%  of  hydro- 
nitric add,  while  the  average  yidd  of  anmionia  is  0.01032  g.,  or  15.78%. 

From  these  results  it  is  apparent  that  the  yidds  of  hydronitric  acid 
were  distinctly  larger  and  the  3ddds  of  ammonia  were  distinctly  smaller 
when  nitrous  add  was  used  than  when  hydrogen  peroxide  was  taken  as 
the  oxidizing  agent.  This  might  well  have  been  expected  on  the  supposi- 
tion  that  in  the  case  of  nitrous  add  a  part  of  the  add  simply  condenses 
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with  the  hydrazme  to  form  hydronitric  acid  and  water,  the  nitrogen  of 
the  add  participating  in  the  synthesis  of  the  Nt  group,  while  another 
part  acts  as  an  oxidizing  agent  with  formation  of  intermediate  condensa- 
tion products  which  finally  decompose  with  formation  of  both  hydro- 
nitric  acid  and  ammonia. 

In  connection  with  his  discussion  of  the  relative  merits  of  the  two 
theories,  Sommer  has  taken  occasion  to  state  that  the  reference  made  by 
Browne  and  Shetterly  to  analogous  reactions  from  the  field  of  organic 
chemistry  scarcely  suffices  to  strengthen  their  theory.  In  the  opinion,  of 
the  authors,  however,  one  of  the  most  interesting  chapters  in  the  investi- 
gation of  the  hydronitrogens  and  their  inorganic  derivatives  is  that  deal- 
ing with  the  analogy  between  the  reactions  of  these  substances  and  the 
reactions  of  their  respective  organic  derivatives.  It  is,  of  coiu-se,  well 
loiown  that  both  hydrazine  and  hydronitric  add  were  known  in  the  form 
of  their  organic  derivatives  long  before  they  were  isolated  by  Curtius, 
and  that  a  knowledge  of  the  properties  and  reactions  of  the  organic  de- 
rivatives played  a  vitally  important  part  in  the  work  of  effecting  their 
isolation.  The  authors  are,  moreover,  of  the  opinion  that  future  develop- 
ments in  the  fidd  of  the  inorganic  hydronitrogens  and  particularly  the 
discovery  of  new  hydronitrogens  will  probably  take  place  to  a  large  ex- 
tent along  lines  that  have  already  been  marked  out  by  the  organic  chemist. 

Summary. 

In  the  investigation  that  has  been  described  in  the  foregoing  pages  it 
has  been  shown: 

(i)  That  no  indication  of  the  formation  of  appredable  quantities  of 
nitrous  add  or  of  nitric  acid  could  be  obtained  by  treatment  of  ammonium 
sulfate  in  sulfuric  add  solution  with  oxidizing  agents  such  as  hydrogen 
peroxide,  potassium  chlorate,  potassium  persulfate,  potassium  permanga- 
nate, hydrated  ferric  oxide,  potassium  iodate,  mercuric  oxide,  and  mercuric 
chloride,  tmder  the  conditions  prevailing  in  the  earlier  experiments  of 
Browne  and  Shetterly  on  the  oxidation  of  hydrazine. 

(2)  That  ammonium  sulfate  in  a  solution  strongly  add  with  sulfuric 
acid  is  but  slightly  affected  by  prolonged  treatment  with  such  oxidizing 
agents  as  hydrogen  peroxide,  potassium  chlorate,  and  potassium  per- 
sulfate at  the  boiling  temperatture. 

(3)  That  the  addition  of  ammonium  sulfate  to  a  reacting  mixture  of 
hydrazine  sulfate,  sulfuric  add,  and  hydrogen  peroxide  does  not  increase, 
but  rather  serves  to  decrease,  the  yidds  of  hydronitric  add  obtained. 

(4)  That  potassium  nitrite  oxidizes  hydrazine  sulfate  in  sulfuric  add 
solution  with  formation  under  comparable  conditions  of  larger  yidds  of 
hydronitric  add  and  of  much  smaller  yidds  of  ammonia  than  are  ob- 
tained by  the  action  of  hydrogen  peroxide  upon  hydrazine  stdfate. 

(5)  That,  in  view  of  the  experimental  results  obtained  and  of  various 
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other  considerations,  the  theory  advanced  by  F.  Sommer  in  explanation 
of  the  formation  of  hydronitric  acid  and  of  ammonia  by  oxidation  of 
hydrazine  by  means  of  oxidizing  agents  that  contain  no  nitrogen  is,  in 
all  probability,  to  be  regarded  as  imtenable. 

Ithaca.  N.  Y. 


[Contribution  from  ths  T.  Jbfpbrson  Coolidgb  Chbmxcal  Laboratory  of 
Harvard  Coixbgb.] 

A  REVISION  OF  THE  ATOMIC  WEIGHT  OF  NEODTMIUM. 

[SBCOND  PAPER.] 
By  Gssoory  Faux,  Baxtsk,  Wiixxam  Hsmrv  Whitcomb,  Olus  Jsms  Stswakt  axd  Habolo 

Canning  Chapin. 
Received  November  11,  1915. 

In  an  earlier  investigation  on  the  atomic  weight  of  neod3rmium  by 
Baxter  and  Chapin,*  the  material  examined  was  purified  first  by  crystal- 
lization of  the  double  ammonium  nitrate  and  then  by  crystallization  of 
the  nitrate  from  concentrated  nitric  acid.  The  first  process  was  found 
particularly  successful  in  eliminating  samarium,  the  second  in  freeing  the 
neodymium  from  praseodymiiun.  The  fractions  in  the  final  series  were 
converted  to  chloride,  which,  after  very  careful  dehydration,  was  analyzed 
by  comparison  with  silver,  with  the  result  that  the  atomic  weight  of 
neodymiiun  was  found  to  be  144.27  (Ag  =  107.880). 

During  the  purification  of  the  neod3miium  material  as  described  above, 
attempts  were  made  to  free  the  neodymium  from  its  companions  by 
other  methods.  One  of  these  was  the  fractional  crystallization  of  the 
chloride.  This  crystallization  proceeds  less  readily  than  that  of  either 
the  double  nitrate  or  nitrate,  and  after  the  process  had  been  carried  on 
for  ten  series  of  crystallizations  little  evidence  of  separation  coidd  be  ob- 
served. At  the  same  time  another  portion  of  the  original  material  was 
converted  to  nitrate  and  fractionally  crystallized  from  concentrated 
nitric  acid.  As  the  chief  impurity,  praseodymium,  seemed  to  accumulate 
rapidly  in  the  more  soluble  fractions,  the  portion  which  had  been  crys- 
tallized as  chloride  also  was  converted  to  nitrate  and  fractionally  crys- 
taUized  from  nitric  acid.  Fractional  crystallization  of  these  two  portions 
was  carried  on  separately  for  some  time,  for  75  series  with  one  portion, 
for  76  with  the  other,  then  the  two  portions  were  combined  and  further 
crystallized  in  the  same  way.  Both  tiie  least  soluble  and  the  most  soluble 
fractions  frequently  were  rejected,  the  least  soluble  fraction  to  eliminate 
samarium,  gadolinium,  etc.,  the  most  soluble  to  remove  praseod3rmiuni, 
cerium  and  lanthanum,  for  Demargay*  has  shown  that  the  separation 
occurs  in  this  order.    The  least  soluble  fraction  was  thus  forty  times  dis- 

^  Proc,  Amer.  Acad.,  46,  213  (191 1);  Tms  Journal,  13»  i;  Z.  anorg,  Chem.,  70^  1. 
*  Compt,  rend.,  ia2|  728  (1896);  130,  102 1  (1900}. 
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carded,  the  most  soluble  eighty-four  times.  After  158  series  of  crystalliza- 
tion in  all  had  been  carried  out,  the  purity  of  the  fractions  of  the  last  series, 
17  in  number,  was  investigated  spectroscopically.  As  all  of  the  fractions 
seemed  to  be  fairly  pure  and  the  intermediate  fractions  very  pure,  it  was 
decided,  for  the  purpose  of  comparison  with  the  material  purified  for  the 
earlier  investigation,  to  examine  quantitatively  the  new  material.  Since  at 
the  outset  only  one  and  one-half  kilograms  of  fairly  pure  double  ammonium 
nitrate  was  used,  the  final  fractions  were  not  large,  and,  therefore,  instead 
of  analyzing  each  fraction  separately,  they  were  combined  in  pairs  ex- 
cept that  the  three  least  soluble  fractions,  2590,  2591  and  2592,  were  com- 
bined. The  combinations  actually  analyzed  were:  2590  +  2591  +  2592, 
2593  +  2594»  2595  +  2596,  2597  +  2598,  2599  -h  2600,  2601  -h  2602, 
2603  +  2604. 

The  purity  of  each  of  these  combinations  was  carefully  determined  by 
photography  of  the  visible  and  ultraviolet  r^ons  of  the  absorption  spec- 
trum with  a  Fdry  quartz  spectrograph.  The  solutions  were  prepared 
by  dissolving  2  g.  portions  of  the  ignited  oxides  in  a  slight  excess  of  nitric 
add  and  diluting  the  solution  to  a  volume  of  about  10  cc.  The  absorbing 
layer  was  10  cm.  long.  The  less  soluble  fractions  contained  small  amounts 
of  samarium,  and  the  more  soluble  ones  praseodymium.  In  order  to  de- 
termine the  proportions  of  these  impurities,  to  a  solution  of  a  2  g.  portion 
of  the  oxide  of  Fraction  2605-6,  which  was  free  from  samarium  although 
it  contained  praseodymium,  were  added  known  amounts  of  a  standard 
solution  of  piure  samaritun  nitrate,  the  absorption  spectnun  of  the  solu- 
tion being  photographed  after  each  addition  of  samarium.^  By  com- 
paring photographs  of  the  different  fractions  with  those  of  the  material 
containing  known  amounts  of  samarium,  it  was  possible  to  estimate  with 
considerable  exactness  the  proportion  of  samarium^  in  the  former.  The 
percentage  of  praseodymium^  in  the  more  soluble  fractions  was  estimated 
in  a  similar  fashion  by  comparing  the  photographs  of  the  fractions  analyzed 
with  those  of  a  solution  of  Fraction  2590-1-2,  to  which  known  amounts  of 
praseodymium  were  added.  The  results  of  these  comparisons  are  given 
below. 

Fraction.  SaoMrittin.  %.              Fraction.  Praseodjrmium.    %. 

2590-2591-2592  0.6  2599-2600                     0.00 

2593-2594  0.4  2601-2602                     0.05 

2595-2596  0.2  2603-2604                     O.I 

2597-2598  O.I  2605-2606  0.2 

2599-2600  0.0 

Since  cerium  and  lanthanum  nitrates  are  both  more  soluble  in  con- 

1  The  samarium  material  was  very  kindly  furnished  by  Professor  C.  James  of 
New  Hampshire  College. 

*  Through  the  band  X  401. 

*  Through  the  band  X  444. 
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centrated  nitric  add  than  praseodymium  nitrate,  the  quantities  of  these 
impurities  remaining  must  have  been  very  small  indeed. 

Although  the  proportions  of  impurity  are  small,  yet  because  the  atomic 
weights  of  both  samarium  and  praseodymium  are  considerably  different 
from  that  of  neodymium  it  is  not  surprising  that  the  extreme  crystal 
fraction  yielded  a  result  somewhat  higher  than  the  average,  and  that  the 
more  soluble  fractions  apparently  possessed  an  atomic  weight  slightly 
lower  than  the  average.  However,  since  the  amounts  of  impurity  were 
determined  with  some  accuracy,  corrections  could  be  applied  to  the  final 
result. 

Preparatioa  of  Materials. 

The  Preparation  of  Neodymium  Chloride. — ^In  order  to  change  the 
nitrate  to  chloride,  essentially  the  same  processes  were  employed  as  in 
the  previous  investigation.  Neodymium  oxalate  was  first  precipitated 
by  adding  to  the  dilute  solution  of  the  nitrate  a  considerable  excess  of 
•oxalic  acid.  The  oxalate  was  collected  upon  a  disk  of  filter  paper  in  a 
porcelain  Oooch  crucible  and  after  being  dried  was  ignited  to  oxide  in  a 
platinum  boat  in  an  electrically  heated  porcelain  tube,  pains  being  taken 
to  avoid  heating  the  boat  to  a  temperature  at  which  platinum  might  vapor- 
ize into  the  contents.*  The  resulting  oxide  was  dissolved  in  redistilled 
nitric  add  in  a  quartz  dish,  and  after  the  solution  had  been  diluted,  the 
oxalate  was  repredpitated  by  means  of  a  dilute  solution  of  either  re- 
<!r3rstallized  oxalic  add  or  recrystallized  ammonium  oxalate.  The  oxa- 
late was  washed,  dried  and  ignited  as  before.  Then  it  was  dissolved  in  a 
•quartz  dish  in  hydrochloric  add  which  had  been  distilled  through  a  quartz 
condenser,  and  the  chloride  was  at  least  three  times  crystaUized  in  quartz 
dishes  by  saturating  the  aqueous  solution  with  hydrochloric  add  gas  at 
a  low  temperature.  Centrifugal  drainage  of  the  crystals  was  always 
employed.  The  product  was  preserved  in  quartz  in  a  desiccator  con- 
taining fused  sodium  hydroxide. 

Reagents. — Pure  silver,  water  and  reagents  were  prepared  exactly  as 
recently  described  in  the  account  of  similar  work  by  Baxter  and  Stewart 
on  praseodjrmium  chloride.^ 

The  Drying  of  Neodymium  Chloride. — In  the  earlier  work  by  Baxter 
and  Chapin  the  attempt  was  made  to  prepare  the  salt  for  analysis  by 
drying  it  carefully  in  a  current  of  hydrochloric  acid  gas,  and  eventually 
fusing  the  salt.  In  the  first  experiments,  the  salt  dried  in  this  way  in- 
variably yidded  a  considerable  amoimt  of  insoluble  material,  the  exact 
nature  of  which  was  not  discovered  until  later.  Hence,  the  expedient 
was  adopted  of  drying  the  salt  for  analysis  as  carefully  as  possible  below 
the  fusing  temperatiu'e,  and  then  determining  the  proportion  of  water 
1  See  Baxter  and  Chapin,  This  JomtNAL,  33,  16  (19"). 
*  This  Journal.  37,  524  (1915)- 
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retained.  Ultimately  it  was  found  possible  to  obtain  fused  salt  which 
would  yield  a  perfectly  dear  solution,  but  the  necessary  information  as 
to  the  proper  treatment  was  obtained  too  late  to  be  of  service.  It  was 
partly  because  of  the  sUght  uncertainty  involved  in  applying  a  correction 
for  the  residual  water  that  the  present  investigation  was  undertaken. 
In  the  recent  research  by  Baxter  and  Stewart  upon  praseodymium 
chloride  a  similar  difficulty  was  met,^  and  in  the  latter  research  it  was 
shown  that  the  insoluble  material  is  the  oxychloride,  and  that  its  formation 
can  be  wholly  or  almost  completely  avoided  by  dr3ring  the  salt  as  completely 
as  possible  previous  to  fusion,  and  then  fusing  the  salt  as  rapidly  as  possible. 
No  matter  how  carefully  the  preUminary  drying  is  carried  out,  and  no 
matter  what  precautions  are  taken  in  the  drying  of  the  hydrochloric  add 
gas  in  which  the  salt  is  fused,  prolonged  fusion  invariably  yidds  a  very 
considerable  proportion  of  insoluble  matter,  probably  owing  to  a  small 
amount  of  air  contained  in  the  hydrochloric  add  gas.  In  these  respects 
the  neodymium  chloride  resembles  the  praseodymium  salt  exactly.  A 
considerable  amount  of  the  insoluble  neodymium  compound  was  prepared 
by  fusing  some  of  the  carefully  dried  chloride  for  an  hour.  The  insoluble 
residue  was  collected  and  wdghed,  and  its  content  of  neodymium  and 
chloride  was  determined.  The  results  of  these  experiments  indicate  oon- 
dusivdy  that  the  insoluble  matter  is  the  oxychloride.  The  following 
table  contains  the  results  of  these  experiments: 

Weight  of  insoluble  material 0.00775  S- 

Weight  of  AgCl  found 0.00^02  g. 

Weight  of  AgCl  calculated  from  NdOd 0.0056S  g. 

Weight  of  NdiOt  found 0.00685  g. 

Wdght  of  NdtOt  calculated  from  NdOCl 0.00666  g. 

By  following  the  same  procedure  in  the  drying  of  the  neodymium 
chloride  that  was  used  in  tiie  drying  of  the  praseodymium  chloride,  we 
?rere  able  to  prepare  salt  which  yidded  immediatdy  a  dear  solution. 
The  details  of  this  procedure  are  as  follows:  A  platinum  boat  containing 
the  powdered  crystals  of  the  hydrated  salt  was  placed  in  a  quartz  tube 
forming  part  of  a  Richards  "bottling  apparatus."  The  bottling  apparatus, 
which  contained  the  wdghing  bottle  in  which  the  boat  had  initially  been 
wdghed,  was  connected  with  an  apparatus  for  ddivering  dry  hydrochloric 
add  gas,  nitrogen  and  air.  This  apparatus  is  described  in  the  paper  on 
praseodymium  chloride.'  The  boat  was  then  gradually  heated  to  a  tem- 
perature slightly  above  100^,  but  considerably  lower  than  the  transition 
temperature  of  the  salt,  124^,  until  nearly  all  of  the  first  five  molecules 
of  water  of  crystallization  had  been  expelled  by  efflorescence.  The  tem- 
perature was  then  raised  to  180^  or  thereabouts,  where  the  sixth  molecule 

^  This  Journal,  37»  527  (1915)* 

« Ibid,,  37f  526  (1915). 
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of  water  evaporates,  and  finally  the  salt  was  lieated  to  about  350  ®  for  several 
hours.  The  aluminum  block  oven  which  had  been  used  for  producing 
uniform  temperature  up  to  this  point  was  now  replaced  by  an  electrically 
heated  sleeve,  and  the  salt  was  brought  to  the  fusing  point,  785  **,*  as  quickly 
as  possible.  Then  it  was  allowed  to  cool  rapidly,  and  after  the  add  gas 
had  been  displaced  by  nitrogen  and  finaUy  by  air,  the  boat  and  contents 
were  transferred  to  the  weighing  bottle  without  exposure  to  moisture  and 
weighed.  In  a  few  cases  a  trace  of  insoluble  salt  was  visible  when  the 
chloride  was  dissolved  in  water,  but  the  proportions  in  these  cases,  judging 
from  earlier  experience,  were  less  than  o.i  mg.  By  allowing  the  solution 
to  stand  for  a  day  or  two  the  basic  salt  dissolved  completely.  In  Analyses 
i»  2,  3»  5»  ".  i3»  i5»  16,  17,  18,  19,  21,  27,  29,  31  and  32  the  solution  of 
the  chloride  was  dear  at  the  outset. 

Since  the  basic  salt  seems  to  form  through  the  action  of  the  air  in  the 
hydrochloric  add  upon  the  fused  salt  more  readily  at  higher  than  at  lower 
temperatures,  in  three  experiments  the  salt,  after  the  usual  careful  pre- 
liminary drying,  was  heated  almost,  but  not  quite,  to  the  fusing  point 
for  some  time.  In  this  way  all  but  negligible  amounts  of  water  must  have 
been  expelled.  In  fact  these  anal)rses  (Nos.  4,  7,  9,  20,  23  and  25)  show 
a  slightly  greater  percentage  of  chlorine,  rather  than  smaller,  than  the 
specimens  which  were  actually  fused.  In  these  cases  also  the  salt  yielded 
a  perfectly  dear  solution. 

The  Method  of  Analysis. 

The  method  of  analysis  was  like  that  previously  used  with  neodymium 
and  praseodymium  and  other  chlorides.  The  salt  was  dissolved  in  water 
and  the  solution  was  diluted  to  a  volume  of  iooa-1500  cc.  in  a  glass- 
stoppered  predpitating  flask.  Pure  metallic  silver^  equivalent  to  the 
chloride  within  a  very  few  tenths  of  a  milligram,  was  wdghed  out,  dissolved 
in  nitric  add  and  diluted  to  about  the  same  volume.  The  silver  solution 
was  then  added  to  the  chloride  solution  in  small  portions  with  frequent 
agitation.  After  standing  at  room  temperatture  for  some  time,  the  anal3rsis 
was  cooled  to  o^,  in  order  to  reduce  the  solubility  of  silver  diloride,' 
and  the  dear  solution  was  tested  in  a  nephelometer  for  excess  of  chloride 
or  silver.  The  estimated  deficiency  of  dther  was  added  in  the  form  of 
hundredth  normal  solution,  and  the  solution  was  again  thoroughly  shaken, 
allowed  to  clarify  and  tested  as  before,  and  the  process  was  repeated  until 
exactly  equivalent  quantities  of  silver  and  chloride  had  been  used. 

In  the  analyses  by  Mr.  Whitcomb,  after  the  end  point  of  the  comparison 
had  been  reached,  an  excess  of  0.05  g.  of  silver  nitrate  was  added  for  eadh 
liter  of  solution  and  the  analyses  were  allowed  to  stand  some  time  longer 
^  Matignon,  Compt.  rend.,  133,  289  (1901);  140,  1340  (1905). 

*  The  silver  used  had  abneady  been  tested  in  the  praseodymium  work. 

*  Richards  and  Willard,  This  Journal,  32^  32  (1910). 
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at  o^.  Then  the  silver  chloride  was  washed  several  times  with  ice-cold 
sQver  nitrate  solution  containing  0.05  g.  per  liter  and  many  times  with 
ice-cold  water,  before  being  collected  on  a  weighed  platinmn-sponge  Gooch 
cradble.  The  chloride  was  dried  in  an  electrically  heated  air  bath  at 
190^  for  at  least  18  hours  and  weighed.  Residual  moisture  was  determined 
by  the  loss  in  weight  when  the  main  bulk  of  the  precipitate  was  fused  in 
a  porcelain  crucible.  The  weight  of  silver  chloride  dissolved  in  one  liter 
of  the  filtrate  and  silver  nitrate  washings  was  assumed  to  be  0.000004  g. 
per  liter.  ^  Choride  dissolved  in  the  aqueous  washings  together  with  that 
obtained  from  the  precipitating  flask  was  estimated  by  nephelometric 
comparison  with  standards. 

Table  I. 

The  Atomic  Weight  of  Neodsmiium. 

NdCl,  :  3A«. 

Ag  ">  X07.8S0.     CI  ">  35*457- 


Nomber 

of 
■aalyiia.    Analyst.       Fraction. 

Weight  of 
NdCljin 
▼acaimu 
Grams. 

Weight 
of  Agin 
▼acttttm. 
Grams. 

Weight       Coirected 

of  Ag           weight 

added  or       of  Ag  in 

•ttbiraeted.     Tacuum. 

Gram.         Grams. 

Ratio 

NdCb:3Ag. 

Atomic 
ofNd. 

I 

Whitcomb  2590-1-3 

3.34038 

4.31322 

—0.00035    4.31287 

0.7745x4 

144.395 

2 

Stewart      2590-1-2 

4.03869 

5.21540 

—0.00095    5.21445 
Average, 

0.774519 
0.774517 

144.294 
144.294 

3 

Whitcomb  2593-4 

4.48251 

5.78795 

— 0.00035   5-78760 

0.774503 

144.289 

4* 

Whitcomb  2593-4 

3.75204 

4.84483 

— 0.00025   4.84458 

0.774482 

144.283 

5 

Stewart       2593-4 

6.00909 

7.75942 

— 0.00050   7.75892 
Average) 

0.774475 
0.774487 

144.280 
144.284 

6 

Whitcomb  2595-6 

4.96466 

6.41065 

— 0.00020  6.41045 

0.774464 

144.276 

7* 

Whitcomb  2595-6 

4.15431 

5.36422 

— 0.00030  5.36392 

0.774492 

144.285 

8 

Stewart       2595-6 

553210 

7.14341 

— 0.00003   7.14338 
Average, 

0.774437 
0.774464 

144.26S 
144.276 

9* 

Whitcomb  2597-8 

4.73995 

6.I3054 

0.00000  6.12054 

0.774433 

144.267 

10 

Whitcomb  2597-8 

4.22430 

545464 

—0.00020  5.45444 

0.774470 

144.278 

XI 

Stewart      2597-8 

5.93271 

7.66037 

+0.00051    7.66088 

0.774416 
0.774440 

144.261 
144.269 

12 

Whitcomb  2599-2600  5.60324 

7.23524 

0.00000   7.23524 

0.774439 

144.268 

13 

Stewart      2599-2600  7.22817 

9.33324 

+0.00035   9.33359 

0.774426 

144.264 

Average, 

0.774433 

144.266 

14 

Whitcomb  2601-2 

5.16330 

6.66582 

+0.00020  6.66603 

0.774419 

144.263 

>5 

Stewart      2601-4 

4-5034« 

5.81508 

+0.00050  5.81558 
Average, 

0.774382 
0.774401 

144.250 
144.256 

16 

Whitcomb  2603-4 

6.42333 

8.39438 

0.00000  8.29438 

0.774419 

144.262 

17 

Stewart      2603-4 

7-59534 

9.80745 

+0.00077    9.80822 
Average, 

0.774385 
0.774402 

144.251 
144.256 

*  Calculated  from  the  solubility  product  of  silver  chloride  at  o^  as  found  by  Kohl- 
xaiasch,  9  X  lo"".    Z.  physik,  Chem,,  64,  167  (1908). 

*  The  neodyudam  chloride  used  in  this  exi>eriment  was  heated  almost  but  not 
quite  to  the  fusing  point. 
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TABtB  II. 

The  Atomic  Wdsfat  of  Neodymium. 

NdOi  :  3Aga. 

Ag  -  107.880. 

Weight  Weiffht  Corrccted 

Ko.  of  of  Total        weight 

of  NdCIa  In  A<C1  in    Loss  on  dissolved    of  AgCX        Ratio         Atomic 

«nal*  Tacuum.  vacuum,     fuiiou.      AgCL    in  vacuum.  NdCli>       weight 

ysis.   Analjrst.      Fraction.       Grams.  Grams.      Gram.     Oram.       Grama.      3AcCl.        of  N<L 

x8  Stewart.    2590-1-2   4.03869   6.926580.000480.00176  6.927860.582963  144.310 

19  Wlutcomb  2593-4       4-4^351    7.68865  0.00016  0.00156  7.690050.582897  144.281 
20^  Whitcomb  2593-4      3.75204  643617  0.00041  0.00162   6.43738  0.582852  144.263 

21  Stewart      2593-4       6.00909  10.308260.000560.00106  10.30876  0.5829 11   144.287 

Average*        0.582887  144.277 

22  Whitcomb  2595-6       4.96466   8.516020.000330.00065   8.516340.582957   144.307 
23^  Whitcomb  2595-6       4.15431    712648  0.00056  0.0015 1    7.127430.582862   144.266 

24  Stewart      2595-6       5-532 10   9490470.000310.00x18   9491340.582858  144.264 

Average,        0.582892   144.279 

25^  Whitcomb  2597-18       4.73995    8.13139  0.00014  0.00107   8.132320.582853  144.262 

26  Whitcomb  2597-8       4.22430   7.24613  0.00018  o.ooi  19   7.247140.582892   144.279 

27  Stewart     2597-8       5.9327110.1782x0.000250.0009510.178910.582844  144.258 

Average,        0.582863  144.266 

28  Whitcomb  2599-2600  5.60325   9.61209  0.00019  0.00109   9.612990.582883   144.275 

29  Stewart      2599-26007.228x712.400200.000240.0010212.400980.582871  X44.270 

Average,        0.582877   144.273 

30  Whitcomb  2601-2  5.16230  8.86x000.000900.00137  8.86x470.582556(144.134)* 
3x  Stewart      2601-2       4*50343    7<7266o  0.00025  0.00083    7.727x80.5828x0  144.244 

32  Whitcomb  2603-4       6-42333  x x. 02x25  0.00078  0.00237  x  1.02284  0.582729  (X44.209)* 

In  the  analyses  by  Mr.  Stewart,  after  a  similar  excess  of  silver  nitrate 
had  been  added,  the  system  was  allowed  to  stand  at  room  temperature 
for  several  days  before  filtration.  In  computing  the  correction  for  silver 
chloride  dissolved  in  the  filtrate  and  silver  nitrate  washings,  which  were 
not  chilled,  the  assumption  is  made  that  the  solutions  were  saturated  at 

25  ^  since  the  experiments  were  carried  out  during  the  summer  months. 
Using  Kohlrausch's  determination  of  the  solubility  product  of  silver 
chloride  at  25  ^  1.7  X  IO"*^  the  solubility  in  0.0003  normal  silver  nitrate 
is  0.00008  g.  The  aqueous  washings  were  chilled  to  diminish  the  sobx" 
bility  of  the  precipitate  and  were  analyzed  nephelometrically. 

The  main  mass  of  silver  chloride  was  dried  at  150^  and  the  moisture 
retained  was  fcmnd  from  the  loss  on  fusion. 

1  The  neodymitmi  chloride  used  in  these  experiments  was  heated  ahnost  but 
not  quite  to  the  fusing  point. 

*  The  results  of  Analyses  30  and  32  are  inexplicably  low.  As  they  were  the  first 
two  experiments  carried  out  by  Mr.  Whitcomb,  we  feel  that  it  is  justifiable  to  omit 
them  in  the  final  treatment  of  the  results. 
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la  Mr.  Whitcomb's  experiments  the  portions  of  the  original  solution 
removed  for  nephelometric  comparisons  were  returned  and  a  correction 
applied  for  the  silver  chloride  thus  introduced.  In  Mr.  Stewart's  ex- 
periments the  test  portions  were  rejected  and  a  correction  of  0.00005  8- 
was  added  for  each  100  cc.  of  solution  removed. 

All  objects  were  weighed  by  substitution  for  similar  counterpoises, 
a  No.  10  Troenmer  balance  being  used  for  the  purpose.  Weights  were 
standardized  to  hundredths  of  a  milligram  by  the  Richards^  substitution 
method.    The  following  vacuum  corrections  were  applied: 

Specific  grarily.  Vacuum  correction  per  g. 

Weights 8.3 

NdCU 4.134  +0.000x45 

AgCl 5 .56  +0.00P071 

Ag 10.49  — 0.000031 

Table  ni. 

ATerAge  of        Cocrected  aTerage 
Fraction.  NdOs :  3Ag.       NdCU  :  3AgCl.         all  an Jyses.  of  aU  analjaes. 

2590-1-2  144.394  144.310  144 -399  144.363 

2593-4  144.284  144.277  144.280  144.256 

2595-6  144.276  144*379  144.278  144.266 

2597-^  144.269  144.366  144.268  144.362 

2599-3600  144.266  144.273  144.269  144.269 

2601-2  144.256  144.244  144.252  X44.254 

2603-4  144.256        ...  144.256  144.259 

At.,  144.261 

The  results  with  the  different  fractions  are  summarized  in  Table  III,. 
in  the  last  column  of  which  corrections  also  are  made  for  praseod3rmium 
and  samarium  impurity,  on  the  basis  of  the  atomic  weights  140.9  and  150.4^ 
respectively. 

AnalyNs.  Ag :  AgCL 

.  2  and  18  0.753678 

3  and  19  0.752609 

•  4  and  20  0.752570 

5  and  31  0.752653 

5  and  23  0.753733 

7  and  33  0.752574 

8  and  34  0.752621 

9  and  25  0.752619 

10  and  26  0.752633 

11  and  27  0.752623 

12  and  28  0.752653 

13  and  39  0.752649 

14  and  30  (o .  752249)' 

15  and  31  0.752613 

16  and  32  (0.752472)' 

Av.,   0.752632 
1  Tms  Journal,  aa,  144  (1900). 
'  See  note  on  page  308. 
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The  concordance  of  the  results  with  each  fraction  is  satisfactory.  It  is 
interesting  to  note  that  with  the  uncorrected  results  a  perceptible  di£Fer- 
ence  exists  between  the  head  and  tail  of  the  series  and  that  this  difference 
largely  disappears  when  corrections  are  applied  for  rare  earth  impurity. 
The  tmcorrected  results  with  the  purest  fractions  and  the  corrected  re- 
sult with  all  the  fractions  differ  very  little  from  Baxter  and  Chapin's 
earlier  result,  144.275  (Ag  =  107.880). 

In  the  preceding  table  the  ratio  of  silver  used  to  silver  chloride  obtained 
in  the  same  experiment  is  given  for  all  complete  pairs  of  analyses. 
Since  the  average  ratio  is  essentially  identical  with  that  found  by  Richards 
and  Wells, ^  0.752634,  it  can  reasonably  be  concluded  that  errors  from  oc- 
clusion by  the  silver  chloride,  or  from  loss  of  silver  chloride,  are  absent. 
This  is  in  accord  with  earlier  experience  of  the  same  kind. 

Summary. 

Neodjrmium  nitrate  was  ptuified  by  fractional  crystallization  of  the 
nitrate  from  concentrated  nitric  add.  Chloride,  prepared  from  the  final 
fractions  of  nitrate,  was  analyzed  by  comparison  with  silver.  The  atomic 
weight  of  neodymium  was  thus  found  to  be  144.261.  The  average  of 
this  result  and  that  found  earlier  by  Baxter  and  Chapin,  144.275,  is  144.268. 
The  roimded-off  figure  144.27  (Ag  =  107.88)  seems  to  represent  fairly  the 
final  outcome  of  both  researches. 

We  are  very  greatly  indebted  to  the  Carnegie  Institution  of  Washington 
for  generous  pecuniary  assistance,  as  well  as  to  Dr.  H.  S.  Miner,  of  the 
Welsbach  Light  Company,  for  the  neodymitmi  material. 

Cambkidos,  Mass. 


THE  SOLUBILITIES  OF  THE  SULFATES  OF  BARIUM,  STRON- 
TIUM, CALCIUM  AND  LEAD  IN  AMMONIUM  ACETATE  SOLU- 
TIONS AT  25°  AND  A  CRITICISM  OF  THE  PRESENT 
METHODS  FOR  THE  SEPARATION  OF  THESE 
SUBSTANCES  BT  MEANS  OF  AMMO- 
NIUM ACETATE  SOLUTIONS. 

Bt  J.  W.  Mardbn. 
Received  November  18.  1915. 

In  the  last  few  years  several  attempts  have  been  made  to  separate 
lead  sulfate  from  the  other  sulfates  which  are  relatively  insoluble  in  water 
by  the  use  of  ammonium  acetate  solution.  Such  a  method,  where  lead 
sulfate  could  be  completely  separated  from  the  sulfates  of  barium,  stron- 
tium and  calcium,  would  be  of  value  both  in  qualitative  and  quantitative 
analysis. 

Qualitative  statements  of  the  solubilities  of  the  four  sulfates  occur  fre- 
quently in  chemical  literatiwe.  In  the  case  of  lead  sulfate  it  is  the  general 
*  Publ,  Carnegie  Inst.,  No.  28,  1905;  Tms  Journai,,  a8,  456  (1908). 
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consensus  of  opinion  that  it  dissolves  to  a  considerable  extent  in  am- 
monium acetate  solutions.  BoUey^  gives  the  solubility  at  12.5^  as  i  part 
in  47  parts  of  ammonium  acetate  al  specific  gravity  1.036  (about  16% 
solution).  Noyes  and  Whitcomb*  have  given  the  solubilities  of  lead  sul- 
fate in  dilute  solutions  of  ammonium  acetate  at  25  ^  and  Dunnington  and 
Long*  have  published  the  solubilities  of  lead  stdf ate  in  fairly  concentrated 
solutions  at  100^. 

According  to  Storer,  calcium  sulfate  is  soluble  to  a  very  considerable 
extent  in  an  aqueous  solution  of  acetate  of  ammonium  at  18-25^  and  is 
quite  soluble  in  solutions  of  other  ammonium  salts.  Cameron  and  Brown^ 
have  found  that  the  solubility  of  calcium  sulfate  is  greater  in  ammonium 
nitrate  and  ammonium  chloride  solutions  than  in  pure  water.  As  far 
back  as  1823*  at  least,  the  solubility  of  strontium  sulfate  was  in  dispute. 
A  method  for  the  separation  of  the  sulfate  of  strontium  from  that  of  barium 
was  based  upon  the  solubilities  of  the  sulfates  in  water.  Smithson  found, 
however,  that  he  could  get  no  precipitate  with  sodium  carbonate  in  the 
filtrate  from  a  water  solution  of  sodium  sulfate  in  which  the  sulfate  of 
strontium  had  lain  long.  Most  of  the  early  authors  considered  strontium 
sulfate  completely  insoluble  in  solutions  of  ammonium  salts,  but  at  the 
same  time  admitted  that  the  ammonium  salts  of  the  organic  acids  inter- 
fere with  its  precipitation.  According  to  Storer,  also,  the  sulfate  of  barium 
is  soluble  to  a  considerable  extent  in  aqueous  solutions  of  certain  ammonium 
salts.  He  also  states  that  the  precipitation  of  barium  sulfate  is  prevented 
by  the  presence  of  ammonium  citrate,  etc. 

Curtman  and  Frankel*  suggest  a  qualitative  method  where  they  "have* 
devised  a  scheme  of  analysis,  by  which  small  amotmts  of  alkaline  earth 
metals  may  be  detected.  The  method  consists  in  the  precipitation  of  the 
alkaline  earth  metals  together  with  a  part  of  the  lead  as  sulfates,  with 
dilute  sulfuric  acid  and  alcohol  from  a  solution  of  definite  acidity.  After 
extracting  the  lead  sulfate  with  ammonium  acetate,  the  alkaline  earth 
sulfates  are  converted  to  carbonates  by  boiling  with  sodium  carbonate 
solution.  The  carbonates  are  then  dissolved  in  acetic  acid  and  the  re- 
sulting solutions  analyzed  in  the  usual  manner." 

In  the  face  of  such  conflicting  statements,  on  the  one  hand  by  Curt- 
man  and  Frankd  that  good  results  are  obtained  by  their  method,  and  on 
the  other  hand  the  statements  indicating  that  calcium  and  barium  sulfates 
are  somewhat  soluble  in  ammonium  salts,  it  was  thought  that  it  would  be 

^  Storer,  "Dictionary  of  Solubilities  of  Chem.  Substances,''  Cambridge,  1864. 

*  This  Journal,  37,  756  (1905). 
»  Am.  Chem,  /.,  aa,  217  (1899). 

*  J.  Phys.  Chem.,  9,  210  (1905)- 

*  Smithsonian  Collection,  Misc.,  21,  81  (1879). 

*  This  Journal,  34,  1493  (1912). 
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profitable  to  determine  the  solubilities  of  these  substances  in  ammonium 
acetate  solutions. 

The  ammonium  acetate  solutions  for  this  work  were  prepared  much  as 
Noyes  and  Whitcomb  have  suggested.  A  standard  HCl  solution  was  made 
by  precipitating  and  weighing  silver  chloride  in  the  usual  manner  and  a 
sodium  hydroxide  solution  was  standardited  by  titration  with  this  acid. 
The  ammonium  hydroxide  was  standardized  against  the  HCl  with  methyl 
orange  as  the  indicator  and  the  acetic  acid  (prepared  by  diluting  the  glacial 
acid)  was  standardized  against  the  sodium  hydroxide  with  phenolphthalein 
as  the  indicator.  The  titrations  were  all  made  by  weight.  The  exact 
weights  of  ammonium  hydroxide  and  acetic  add  solutions  were  calculated 
and  mixed  carefully  so  as  to  get  a  '*neutral**  solution.  A  solution  was 
prepared  in  this  way  which  contained  21.37  g-  of  ammonium  acetate  per 
100  g.  of  solution.  The  more  dilute  solutions  were  made  by  adding  weighed 
portions  of  water. 

The  sulfates  were  piuified  material.  In  each  case  they  were  treated 
with  water,  filtered  and  washed  repeatedly  on  a  Biichner  funnel  to  re- 
move any  soluble  impiu-ities.  These  operations  were  repeated  twice. 
In  the  case  of  caldtun  stdf ate  a  trace  of  carbonate  was  found  which  was 
destroyed  with  a  little  sulfuric  add  in  the  first  wash  water. 

In  determining  the  solubifities,  the  solutions  were  saturated  by  shaking^ 
in  a  thermostat  with  a  large  excess  of  the  soUd  sulfate  for  twdve  to  sixteen 
hours.  In  some  cases  the  value  was  obtained  by  starting  with  dther  super^ 
sattuated  or  undersattuated  solutions,  while  in  other  cases,  when  it  had 
.been  proved  that  twelve  hours  was  suffident  time  for  saturation,  duplicate 
determinations  were  taken,  one  after  twdve  hours'  shaking  and  the  other 
after  sixteen  hours'  shaking  in  the  thermostat,  starting  with  unsaturated 
solutions. 

The  sulfates  in  the  satiu-ated  ammoniiun  acetate  solutions  were  de- 
termined directly  by  pladng  weighed  portions  of  the  solution  in  platinum 
dishes,  evaporating  to  a  few  cc.  on  the  water  bath,  adding  a  few  drops  of 
concentrated  sulfuric  add  and  heating  v^  cautiously  until  the  ammonium 
sulfate  thus  formed  and  the  excess  of  add  were  removed,  leaving  the  sul-^ 
fate  of  the  metal  under  test.  Blanks  were  run  on  the  method  of  determina- 
tion and  it  was  found  that  any  one  of  the  sulfates  could  be  put  through  this- 
process  without  any  appredable  loss.  The  nonvolatile  residue  due  ta 
the  solubilities  of  the  glass  of  the  bottles  and  the  residue  of  the  ammo- 
nium acetate  was  very  little,  less  than  0.0005  g*  ^  ^^ch  case  tried. 

The  spedfic  gravities  of  the  ammonium  acetate  solutions  were  determined 
at  25°,  so  that  the  solubility  results  given  below  can  be  calculated  dther 
by  weight  or  by  volume.  The  concentrations  of  the  ammonium  acetate 
in  Table  I  and  in  the  following  tables  are  in  terms  of  grams  per  100  g.  of 
ammonitun  acetate  solution. 
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Tabls  I. 

Coiic  of  ammonlitm  acetate 2.23        5.34      10.68      x6.09      ai.37 

dp.gr 1.005      i.oia      X.094      X.036      Z.045 

These  values  are  very  nearly  the  same  as  those  obtained  by  Hs^er^  at  16^. 
Table  II  gives  the  grams  of  lead  sulfate  soluble  in  100  grams  of  am- 
monium acetate  solutions  at  25^.    The  first  four  values  have  been  calcu- 
lated from  the  data  of  Noyes  and  Whitcomb.^ 

Tabia  II. 

Cone,  of  aiumontum  acetate 0.000     0.796     1.391     3*170     5*34   10.68  31.37 

QaaoB  of  lead  sulfate 0.0041   0.0636   0.137     0.304     o.j6     1.68     3 .  89 

The  solubilities  of  calcium  sulfate  in  ammonium  acetate  solutions  at 
25**  are  given  in  Table  III. 

Tablb  III. 

Cone,  of  ammommn  acetate 0.00        2.13      5.34      10.68      ai.37 

-Gnmu  of  calcium  sulfate 0.2085*0.434    0.752       1.146      1.755 

Table  IV  shows  the  solubilities  of  strontium  sulfate  in  ammonium  acetate 
«)lution  of  various  strengths  at  25®. 

Tablb  IV. 

Cone,  of  ammonitun  acetate 0.00        2.13        5.34        10.68        21.37 

<^Tams  of  strontium  sulfate 0.9151^.  0.0451    0.0732      0.0942      0.1x5 

The  solubilities  of  barium  sulfate  at  25^  in  water  and  in  one  concentra- 
tion of  ammonitmi  acetate  are  given  in  Table  V. 

Tabui  V. 

Cone,  of  ammonium  acetate 0.00  21 .37 

Crams  of  barium  sulfate \ 0.00023*     o.oi^ 

When  these  values  are  plotted  together  on  the  same  diagram,  the  curves 
indicate  that  at  25^  the  more  concentrated  the  ammonium  acetate  solu- 
tion the  better  will  be  the  separation  of  the  lead  sulfate  from  the  others. 
It  is  to  be  noted,  however,  that  the  solubilities,  even  of  the  bcuium  and 
strontium  sulfates,  are  considerable  in  ammonium  acetate  solution  as 
•compared  to  their  solubifities  in  water.  Also,  it  might  be  pointed  out  that 
no  definite  separation  for  the  calcium  sulfate  could  be  made  with  am- 
monium acetate  solution  at  ordinary  temperatures. 

In  the  qualitative  method  of  separation  of  the  sulfate  suggested  by 
Curtman  and  Prankel,  "the  precipitate  of  washed  sulfates  is  (then)  treated 
with  a  hot  solution  of  ammonium  acetate,  until  the  extract  no  longer  gives 
a  test  for  lead  with  sulftuic  add."  To  get  an  idea  of  the  solubilities  of  the 
sulfates  in  hot  ammonium  acetate  solutions,  each  of  the  sulfates  was  di- 

^  "Manule  Pharmaceuticum  adjumenta  varia/'  Leipsig,  1876. 

•  Tms  JotJRNAL,  24,  667  (1902}. 

'  Hulettand  Allen,  This  Journal,  24,  667  (1902). 

«  Wolfman,  Osterr.-ung,  Z,  Zuckerind,,  25,  988  (1896). 

»  Hulctt,  Z.  physik,  Chem.,  37,  398  (1901). 
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gested  very  gently  at 
loo^  in  a  3  iV  solutioa 
of  ammonium  acetate 
for  just  ten  minutes,  a 
portion  of  the  dear  fil- 
trate weighed  out  in  a 
platinum  dish  evapo- 
rated nearly  to  dry- 
ness, cooled  and  the 
residue  treated  with  a 
Uttle  sulfuric  acid,  ig- 
nited and  weighed. 
Table  VI  shows  the 
weights  of  the  sulfates 
dissolved  in  this  way  in 
loo  grams  of  3  iNT  am- 
monium acetate  solu- 
tion. These  tests  are, 
to  be  sure,  rough,  but 
<  they  will  partially  du- 

plicate the  conditions 
described   above   and 
wiU  give  an  idea  of  the 
>•  r-  s^  .^         ,>.  -.^  amounts   which    dis- 

solve  under  these  con- 
Cimm$  cfNH$CtH»  Ck  in  WO  gram$jOt  fimmmtium  acttaU  soM/on, 

ditions.  ' 

Tablb  VI. 

Substance.  Weight  of  sulfate. 

Baritim  sulfate 0.025 

Strontium  sulfate o.  142 

Calcium  sulfate 2 .60 

Lead  sulfate 6. 15 

At  first  sight  it  would  seem  impossible  to  get  very  delicate  results  in 
testing  for  strontium  if  much  ammonium  acetate  solution  is  used  in 
washing  the  sulfates.  A  Uttle  experience  indicated,  however,  that  if 
the  ammonium  acetate  solution  contained  a  small  amount  of  some  soluble 
sulfate  the  solubiUties  of  the  barium  and  strontium  sulfates  were  reduced. 
In  100  g.  of  3  AT  ammonium  acetate  solution  to  which  1%  of  ammonium 
sulfate  had  been  added  the  following  amounts  of  sulfates  were  dissolved 
when  treated  in  the  same  way  as  above  at  100°. 

Table  VII. 

Substance.  Weight  of  sulfate. 

Barium  sulfate 0.004 

Strontium  sulfate o.oio 

Calcium  sulfate 2.31 

Lead  sulfate 5 .75 
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The  addition  of  1%  of  ammonium  sulfate  to  the  ammonium  acetate 
solution  diminishes  the  solubilities  of  barium  and  strontium  sulfates 
enough  for  a  qualitative  separation,  while  larger  amounts  of  calcium  and 
leiBid  sulfates  are  still  soluble.  We  can,  knowing  this,  explain  why  Curt- 
man  and  Frankel  obtained  such  good  results  in  testing  their  method  of 
analysis.  They  obtained  conclusive  tests  for  as  little  as  i  to  2  mg.  of 
barium  and  strontium  but  admitted  that  in  one  or  two  cases  where  cmly 
I  mg.  of  strontium  was  present  the  tests  were  faint.  Curtman  and 
Frankel  made  very  few  tests  on  small  amounts  of  barium  and  strontium 
in  absence  of  other  sulfates  the  presence  of  which  would  lessen  the  solu- 
bility of  the  former.  When  several  trials  were  made  by  their  method, 
digesting  the  sulfates  for  ten  minutes  in  20  cc.  of  3  JV  solution  of  ammonium 
acetate  at  100^  and  washing  the  residue  on  the  filter  paper  with  a  few 
oc.  of  the  same  hot  solution,  it  took  nearly  20  mg.  of  strontium  to  give 
a  good  test,  if  the  other  sulfates  were  not  present.  If  a  fairly  large  amount 
of  the  other  sulfates  like  those  of  lead  and  calcium  were  present  accurate 
results,  such  as  the  Curtman  and  Frankel  table  shows,  could  be  obtained. 
The  solubiUties  of  the  sulfates,  when  only  washed  on  a  filter  paper  with 
boiling  hot  ammonium  acetate  solution,  were  found  to  be  smaller  than 
when  they  were  digested  in  the  solution  at  100^  for  ten  minutes,  but 
the  values  of  the  solubilities  of  the  calcium  and  lead  bore  the  same  ratio 
to  those  of  barium  and  strontium  as  before. 

If  a  3  iV  ammoniu6i  acetate  solution  containing  1%  of  ammonitim  sulfate 
was  used  for  the  solvent  instead  of  ammonium  acetate  alone,  conclusive 
tests  were  obtained  for  as  little  as  3-5  mg.  of  strontitun,  calcium  or  lead 
and  I  to  2  mg.  of  baritun,  regardless  of  whether  the  other  sulfates  were 
present  or  not. 

A  modification  of  Curtman  and  Frankel's  method  is  being  used  by 
Prof.  J.  A.  Gibson^  of  this  laboratory  in  his  course  in  qualitative  anal3rsi8. 
He  uses  the  method  immediately  following  the  precipitation  of  the  HCl 
group.  He  found,  when*alcohol  was  used  to  aid  the  precipitation  of  the 
sulfates,  that  occasionally  a  ydlow  precipitate  appeared.  This,  according 
to  Treadwell,'  is  a  basic  mercuric  sulfate  which  is  easily  dissolved  upon 
the  addition  of  a  small  amount  of  dilute  HCl. 

A  modification  of  Gibson's  method  is  given  below  by  the  use  of  which 
a  student  should  be  able  to  identify  with  certainty  a  few  milligrams  of 
barium,  strontium,  lead  and  calcium.  The  calcium,  if  there  is  only  a 
small  amount  present  in  the  original  solution,  will  be  detected  by  am- 
monium oxalate  either  after  removing  the  lead  from  the  material 
soluble  in  ammonium  acetate  or  after  the  ammonitun  sulfide  separation. 

*  "A  System  of  Qualitative  Analysis,"  Univ.  of  Mo.,  19 14. 

«  Treadwell  and  Hall,  "Analytical  Chemistry,"  Vol.  i,  148  (19" )»  John  Wiley 
and  Sons,  New  York. 
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Procedure. 

If  the  volume  of  the  solution  is  large,  boil  down  to  about  20  cc.,  add 
3  cc.  of  2  iV  sulfuric  add  and  an  equal  volume  of  ethyl  alcohol.  Let 
stand  five  minutes  and  filter.  Wash  twice  with  (i-i)  alcohol-water 
xnixture. 

Wash  the  precipitated  sulfates  five  times  with  a  boiling  3  N  ammonium 
acetate  solution  containing  1%  of  ammonium  sulfate,  using  a  wash  bottle 
and  allowing  5  cc.  of  ammonium  acetate  solution  for  each  washing.  Catch 
the  filtrate  in  a  porcelain  dish. 

Evaporate  the  ammonium  acetate  filtrate  over  a  water  bath  to  a  sirupy 
consistency,  cool,  add  concentrated  sulfuric  add  drop  by  drop  (about 
I  cc.)  and  dry  the  residue  on  the  water  bath.  Heat  the  dish  gently  at 
first  and  then  to  a  dull  red  later  over  the  free  flame  to  remove  the  ammonium 
sulfate  and  the  sulfuric  add.  Cool,  put  5  to  10  cc  of  normal  sodium  hy- 
droxide solution  in  the  dish  and  rub  the  residue  with  a  stirring  rod  to 
loosen  it.  Filter  the  sodium  hydroxide  solution  and  make  the  filtrate 
add  with  acetic  add.  Add  a  few  drops  of  potassium  chromate  solution; 
a  yellow  predpitate  indicates  the  presence  of  lead. 

The  barium  and  strontium  sulfates  are  converted  to  the  carbonates  by 
boiling  in  4  iV  sodium  carbonate  solution  and  tested  in  the  usual 
manner. 

If  a  yellow  predpitate  comes  down  when  the  sulfuric  add  and  alcohol 
are  added,  add  dilute  HCl  drop  by  drop  with  shaking  till  the  yellow  pre- 
dpitate disappears.  Accuracy  cannot  be  attained  if  too  much  HCl 
is  used  in  predpitation  of  the  silver  group. 

In  testing  this  method  very  good  results  were  obtained,  dther  when  the 
sulfates  were  alone  in  the  solution  or  when  other  groups  were  present. 

A  number  of  quantitative  methods  have  been  suggested  for  the  separa- 
tion of  lead  sulfate  from  the  other  sulfates  by  dissolving  it  in  ammonium 
acetate  solution.  Leach,  ^  for  example,  has  suggested  the  determination 
ci  small  amounts  of  lead  in  soft  drinks  by  sulfating  the  ash  and  dissolving 
out  the  lead  sulfate  with  ammonium  acetate  solution.  The  lead  is  sub- 
sequently determined  colorimetrically  with  hydrogen  sulfide.  With 
this  method  probably  there  would  be  difficulty  if  copper  or  tin  sulfates 
were  in  the  sulfated  ash,  for  these  substances  would  go  with  the  lead  into 
the  ammonium  acetate  solution. 

No  matter  which  method  is  used,  if  lead  is  to  be  determined  by  separating 
the  sulfate  from  other  substances  by  means  of  ammonium  acetate  solution, 
the  ammonium  acetate  must  first  be  removed  before  the  lead  thus  ob- 
tained can  be  predpitated  with  accuracy. 

UNXvKsamr  ov  Misaouu. 
Columbia. 

^  "Pood  Inspection  and  Analysis/'  1906,  p.  704,  John  Wiley  and  Sons,  New  Yoik. 
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(CONlUBUnOK  ntOM  THE  DBPARTMICNT  Of  CHI0fI8TBT«  UMIYSUnTT  0»  WISCONSIN.  1 

THE  EFFECT  OF  DISSOLVED  SUBSTANCES  OH  THE  VELOCnT 
OF  CRTSTALLIZATION  OF  WATER. 

Bt  Jamss  H.  Walton  aitd  Albssv  Bkamh. 
RecelTed  December  8.  1915. 

The  measurement  of  the  speed  of  crystallizatioti  of  tmdercooled  water 
has  been  described  in  a  previous  communication.^  The  linear  velocity 
of  crystallization  (hereafter  designated  as  V.  C.)  was  measured  to  — 9^. 
It  was  shown  that  the  internal  diameter  of  the  tube  and  the  thickness 
of  its  walls  are  important  factors  in  the  rate  of  growth  of  the  crystals. 

Inasmuch  as  no  investigation  has  been  made  on  the  influence  of  foreign 
substances  on  the  V.  C.  of  water,  it  was  considered  of  interest  and  im* 
portance  to  determine  the  effect  of  various  types  of  dissolved  substances 
on  the  rate  with. which  ice  crystals  are  formed. 

Historical. 

The  general  subject  of  the  effect  of  foreign  substances  on  the  V.  C.  of 
trndercooled  liquids  has  already  been  the  field  of  numerous  investiga- 
tions.  One  of  the  best  known  researches  on  this  subject  was  carried 
out  by  von  Pickardt,*  who  dissolved  various  organic  compounds  in  fused 
benzophenone  and  determined  their  influence  on  the  V.  C.  of  this  sub- 
stance.   He  came  to  the  following  conclusions: 

1.  That  an  dissolved  substances  lower  the  V.  C. 

2.  The  decrease  in  the  V.  C.  is  proportional  to  the  square  root  of  the 
concentration  of  the  dissolved  substance. 

3.  In  equimolecular  concentrations  of  different  substances  the  lower- 
ing of  the  V.  C.  is  the  same. 

j  The  conclusions  of  this  investigation  are  questioned  by  Padoa  and 

Galeati,*  and  also  by  Dreyer.*  The  former  increased  the  number  of  dis- 
solved substances  used  and  found  that  out  of  thirty-two  cases  investiga- 
ted, three  agreed  with  von  Pickardt's  rule,  twelve  were  in  fairly  good  agree- 
ment, seven  approximated  it,  and  ten  showed  no  relation  whatever.  The 
investigations  of  Dreyer  with  undercooled  formanilide  showed  similar 
disagreements  between  the  V.  C,  and  the  molecular  weight  of  the  solutes 
used.  Dreyer  found  that  when  ethyl  or  methyl  alcohol  was  used  each 
actually  increased  the  V.  C.  of  the  formanilidei  The  influence  of  the  solute 
upon  the  V.  C.  of  undercooled  liquids,  therefore,  is  specific. 

i  Tammann*^  has  carried  out  experiments  showing  the  relation  between 

the  temperature  and  the  V.  C.  of  various  undercooled  liquids.    The 

*  /.  Phys.  Ckem.,  18,  722  (1914). 
'  Z.  physik.  Chem.,  43,  17  (1902). 

'  Gcut.  chim.  Ual„  S5»  I>  181  (1904}. 

*  Z,  pkysik.  Chem.,  48,  467  (1904). 

'  "Eristallisieren  imd  Schmelzen/'  1907,  p.  131. 
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Speed  of  crystallization  at  first  increases  with  increased  undercooling 
(Zone  A) ;  it  then  generally  remains  constant  for  several  degrees  (Zone  B) 
and  finally  decreases  (Zone  C).  For  benzophenone  Zone  A  extends 
from  48^,  the  melting  point  of  this  substance,  to  25^.  The  maximum 
V.  C,  Zone  B,  takes  place  from  25*  to  about  — 20°.  It  is  obvious 
that  in  this  region  the  V.  C.  is  independent  of  the  temperature.  Below 
— 20^  the  V.  C.  decreases  with  the  fall  in  temperature.  The  ex- 
periments of  von  Pickardt  and  of  Padoa  and  Galeati  were  carried  out  in 
in  the  zone  of  the  maximum  V.  C. 

The  V.  C.  from  supersaturated  solutions  has  been  the  subject  of  ex- 
haustive investigations  by  Marc,^  who  completely  eliminated  the  velocity 
of  diffusion  in  his  experiments,  and  measured  the  true  speed  of  crystal- 
lization from  aqueous  solutions.  The  V.  C.  was  decreased  by  the  pres- 
ence of  many  dissolved  substances,  dyes,  for  examples,  being  particularly 
operative  in  this  respect.  Marc  came  to  the  conclusion  that  the  inhibi- 
tion of  the  crystallization  is  an  adsorption  effect,  being  due  in  this  par- 
ticular case  to  adsorption  of  the  dye  on  the  surface  of  the  crystal.  The 
adsorption  is  supposed  to  affect  the  V.  C.  as  follows:  The  substance 
that  is  being  separated  from  the  supersattu-ated  solution  is  adsorbed  at  the 
surface  of  the  crystal,  consequently  at  that  point  there  is  a  greater  super- 
saturation  than  in  the  other  parts  of  the  solution.  The  concentration  of 
this  adsorbed  layer  determines  the  V.  C.  If  other  substances  capable 
of  being  adsorbed  are  present  in  the  solution^  the  concentration  of  the 
crystallizing  substance  in  the  surface  layer  is  thereby  decreased,  and 
consequently  the  V.  C.  is  retarded. 

Freundlich*  believes  that  the  V.  C.  of  undercooled  liquids  can  also  be 
explained  by  adsorption  phenomena.  A  study  of  the  experiments  of  von 
Pickardt  and  Padoa  and  Galeati  led  him  to  the  following  conclusions: 

1.  The  decrease  of  the  maximum  V.  C.  of  undercooled  liquids  by  for- 
eign substances,  present  in  not  too  great  concentration,  may  be  expressed 
by  the  equation 

Go  —  G  =  kc'^\ 
In  this  equation  G©  =  V.  C.  of  pure  fusion;  G  =  V.  C.  of  ipipure  fusion; 
c  =  concentration  of  the  dissolved  substance;  k  and  i/n  are  constants, 
the  value  of  i/n  lying  between  0.2  and  0.7. 

2.  The  equation  may  be  explained  by  the  assumption  that  the  dissolved 
substance  is  adsorbed  on  the  siuiace  of  the  crystal  and  this  restdts  in 
decreasing  the  V.  C.  in  proportion  to  the  amount  adsorbed. 

The  formula  used  by  Freundlich  is  the  well-known  adsorption  formula, 
and  is  the  same  as  that  used  by  von  Pickardt.    The  latter  assumed  the 

»  Z.  physik.  Chem,,  61,  385  (1908);  67,  47©  (1909);  W.  104  (1909);  73»  685  (19x0); 
75,  710  (1910). 

*  Ibid.,  75,  ?45  (1910). 
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value  of  ^/n  to  be  0.5,  but  this  assumption  is  not  borne  out  by  experi- 
ment. Its  value  is  variable,  depending  on  the  specific  nature  of  the 
substance  in  the  fusion.  Fteundlich  states  that,  while  the  V.  C.  depends 
upon  adsorption  of  the  dissolved  impurity,  there  are  doubtless  other  fac- 
tors that  influence  it  in  a  large  degree. 

Experimental. 
Method. — ^The  method  used  in  these  experiments  was  to  introduce 
into  a  constant  low  temperature  bath,^  an  L-shaped  tube  that  contained 
the  solution  to  be  undercooled.  The  dimensions  of  the  tubes  were  prac- 
tically the  same  as  those  used  in  the  determination  of  the  V.  C.  of  under- 
cooled  water,  the  outside  diameter  being  about  12  mm.,  and  the  bore 
about  7  mm.  After  the  tube  had  arrived  at  the  temperature  of  its  sur- 
roundings, which  took  3-4  minutes,  it  was  inoculated,  and  the  time  neces- 
sary for  the  crystal  growth  to  progress  a  distance  of  one  meter  in  the  tube 
was  measured  by  a  stop  watch. 

In  preparing  the  solutions  the  purest  chemicals  obtainable  were  em- 
ployed. In  several  cases  these  were  recrystallized,  but  this  was  found  to 
be  unnecessary,  as  the  error  caused  by  any  trace  of  impurity  in  these  sub- 
stances was  found  to  be  well  within  the  error  of  the  experiments.  In  the 
preparation  of  the  solutions,  conductivity  water  was  used.  Whenever 
possible,  the  solutions  were  boiled  to  remove  any  dissolved  gases.  The 
surface  of  the  liquid  was  then  covered  with  a  half-inch  layer  of  paraffin 
oil,  and  the  tube  kept  in  ice  water  until  ready  to  be  placed  in  the  low  tem- 
perature bath, 

Tabls  I. 
Showing  the  agreement  of  duplicate  measurements  of  the  velocity  of  crsrstallk*- 
tkm  of  tsrpical  luukfcooled  aqueous  solutions.    Temperature  — 9.  i  ^. 

Time  in  secoodt  per  meter* 
Solution.  Tube.       / '■ * » 

Cane  sugar 10  69.9  69.9        71 

Cane  sugar 12  71  68.0        70 

Cane  sugar 6  75.4  75.1        75.2 

Urea 10  20.0  20.5        20.3 

Urea 12  18.4  19. i         18.3 

Succinic  add 10  31.4  33.5 

Succinic  add i  36.8  37.0        35.4 

Cupric  chloride 10  40  40.0 

Cupric  chloride 14  39.5 

Dextrose 14  87.8  86.4 

Dextrose i  78.4  770 

Mannose 14  85  83.4 

Mannose 4  86.5  85.2 

Sodium  sulfate 14  29.6  29.3        29.0 

Sodium  hydroxide 14  22.6  21.8 

Sodium  hydroxide 12  22 .4 

1  /.  Phys.  Chem.,  x8,  7x7  (i9i4)* 
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The  velocity  of  aystallization  was  determined  several  times  with  the 
sajne  tubes.  After  one  determinatioa  had  been  made  the  ice  was  mdted 
by  placing  the  tube  in  a  bath  heated  to  about  60^  and  allowing  it  to  re- 
main there  for  ten  or  fifteen  minutes.  By  heating  the  tube  to  this  tem- 
perature there  seems  to  be  less  of  a  tendency  for  the  scdution  to  oystal* 
lize  spontaneously.  As  will  be  shown  later,  however,  the  occurrence 
of  spontaneous  aystallization  seems  to  depend  largely  on  the  nature 
of  the  substance  in  solution. 

Tabls  n. 

The  linear  velodty  of  aystaUizadcMi  of  o.i  M  underoooied  aqoecnu  solntioiia. 

Temperature  — 9.1®. 

No.  atonu       Time 
•     Mol.  wt.  of    in  mot.  of         per 

anhydrous   onhydrotta  meter.   Velocity  cm. 

Compound.  FormnU.  snbttance.    8i4>8tance.  Seconds,     per  min. 

Pure  water H|0  18. p  16.3  368 

Lithium  chloride' — LiCl  42 .5  s  55 .3  170 

Potasttum  iodide KI  166.0  2  36.x  330 

Sodium  diloride NaCl  58 .5  2  34.3  347 

Hydrochloric  acid* HCl  36 .5  2  24.0  250 

Cupric  chloride CuCU  134-6  3  40.0  150 

Mercuric  chloride HgCls  271 .6  3  27 .7  217 

Cakhim  chloride CaClt  11X.7  3  38.6  155 

Socfium  hydroxide NaOH  40.0  3  21.9  ^74 

Ferric  chloride FeCl«  162.5  4  84.8  70.8 

Hydrogen  peroxide HjOi  34.0  4  24.  x  248 

Potassium  chlorate KClOs  122 .6  5  36.2  229 

Mercuric  cyanide Hg(CN)f  252 .0  5  23 . 4  356 

Silver  nitrate AgNOs  169.8  3  22 .5  267 

Sodium  carbonate NatCQi  106.0  6  33.3  180 

Sulfuric  acid' HtS04  98.0  7  28.7  209 

Potassium  sulfate ElsS04  1740  7  23.4  256 

Sodium  sulfate NatS04  X42.0  7  29.2  205 

Urea CO(NHj)i  60.0  8  19.  i  314 

Ethyl  alcohol C«HtOH  46.0  9  34.0  177 

Potassium  dichromate KsCrsO?  294.2  11  31.  i  194 

Succinic  add' C4HCO4  118. o  14  35.3  170 

Glycerol' CsHsOs  92 .0  14  33 .6  176 

Tartaric  add C«HfcO«  150.0  16  43 .4  138 

Mannose' CbHitOc  180.0  24  83.6  71.8 

Dextrose' C^HiiO^  180.0  24  82 .3  72 .9 

Fructose CeHisOc  180.0  24  86.5             78.4 

Antipyrine CuHuNjO  188 .0  26  53 . 7  1 12 

Cane  sugar' CuHjjOu  342 .0  45  152 .0  39.5 

Lactose* CuHtjOu  3420  45  178,8  33.6 

Raffinose CisHnOe  344-0  56  215 -5  27.8 

'  Shows  great  tendency  to  crystallize  spontaneously. 

*  Little  tendency  to  crystallize  spontaneously. 

*  Appearance  of  crystals  different  from  those  separating  from  undeccooled  water. 
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The  Velocity  of  CrystaUizatioii  of  0.1  Af  and  0.02  M  Solutions.— In 
the  first  series  of  experiments  o.  i  M  solutions  of  t3^ical  salts,  alkalies, 
adds,  and  a  number  of  organic  compounds  were  used.  The  substances 
used  and  the  results  obtained  are  given  in  Table  II.  A  number  of  other 
compounds  were  used,  among  which  were  copper  nitrate,  magnesium 
sulfate,  Castile  soap,  gelatin,  gum  arable,  and  egg  albumin,  but  no  re- 
salts  were  obtained  because  the  solutions  alwa3rs  crystallized  spontaneously. 
The  results  contained  in  Table  II  are  the  average  of  three  or  more  deter- 
minations. 

Table  I  gives  results  obtained  from  repeated  measurements  with 
sohitioas  using  the  same  tube.  The  agreement  of  different  tubes  con- 
taining the  same  solution  is  also  given. 

Because  of  spontaneous  crystallization  many  of  the  results  in  Table 
n  were  obtained  only  after  repeated  trials.  Cane  sugar  shows  this  ten- 
dency to  a  marked  degree.  Hydrochloric  acid  solutions  <m  the  other  hand 
proved  to  be  very  stable  and  were  kept  at  — 9*,  in  one  case,  for  half  an 
hour.  With  a  few  exceptions  the  appearance  of  the  crystalis  formed  was 
the  same  with  the  solution  as  with  pure  water. 

A  series  of  experiments  was  carried  out  in  which  the  substances  used 
have  a  very  high  molecular  weight.  Inasmuch  as  many  of  the  com- 
pounds are  not  sufficientiy  soluble  to  permit  the  preparation  of  o.  i  Af 
solutions,  the  concentration  used  was  0.02  M.  The  results  of  these 
experiments  are  incorporated  in  Table  III. 

Tablb  in.  , 

The  linear  velocity  of  crystallization  of  0.02  M  undercooled  aqueous  solutiona. 

Temperature — 9.1". 

No.  atonw    Ttaft 
Mol.  wt.       in  mol.         yer 
of  anhyd.    ofanhyck  meter  in 
Compound.  Pormula.  subs.  subs,     seconds.    Velocity. 

Hydrochloric  add HCl  36.5  2  15. S  380 

Sucdoic  add C4Ht04  118. o  14  19.7  305 

Tannic  add Ci4HioOt  322 .0  33  18 .3  327 

Cocaine  hydrochloride. . .  Ci7HtiN04.HC]  339-5  45  28.0  214 

Lactose CuHsOn  343 .0  45  26.3  228 

Quinine  hydrochloride...  CioHs4N|Ot.3HCl  397- o  52  31.5  190 

Quinine  bisulf ate (CsoHsJT^).Ha904  422.0  55  33. 5  180 

Raffinose CitH»Os  344-0  56  29.0  207 

Brudne  sulfate (C2sHMNiO«}t.HaS04  886.0  115  53.0  118 

The  experiments  of  von  Pickardt,  Dreyer  and  Freundlich,  to  which 
reference  has  been  made,  were  carried  out  in  the  zone  of  maximum  V.  C. 
This  could  not  be  done  in  the  experiments  described  in  this  paper,  for 
spontaneous  crystallization  made  it  impossible  to  determine  the  rate 
of  crystallization  in  Zone  B,  which  should  be  about  twenty  degrees  be- 
low the  freezing  point.  The  lowest  temperature  obtainable  was  about 
9^  below  the  melting  point  of  ice.    Measurements  carried  out  in  this 
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zone  cannot,  therefore,  be  considered  as  the  true  velocity  of  crystalliza- 
tion. They  are  of  value,  however,  in  showing  the  relative  effects  of  equi* 
molecular  solutions  of  different  types  of  compounds.  Since  the  V.  C. 
in  the  temperature  zone  in  which  these  measurements  were  made  increases 
with  the  degree  of  tmdercooling,  the  lowering  of  the  freezing  point  by  the 
addition  of  the  solute  would  have  an  appreciable  influence  upon  the  re* 
tardation  of  the  V.  C.  For  it  is  plain  that  a  o.  i  M  solution  at  — 9^  is 
not  undercooled  as  much  as  the  pure  solvent  at  this  temperature,  a  normal 
solution  of  hydrochloric  add,  for  example,  would  be  tmdercooled  but  5°.^ 
This  would  result  in  a  great  difference  in  the  V.  C.  of  the  add  and  pure 
water.  To  eliminate  the  effects  of  different  amounts  of  undercooling 
equimolecular  solutions  were  used  in  these  experiments.  A  o.  i  Af  solu* 
tion  of  a  strongly  dissodated  substance,  such  as  hydrochloric  add,  how- 
ever, has  a  lower  freezing  point  than  a  o.  i  M  solution  of  a  nondissodated 
substance  like  cane  sugar.  At  — 9^  these  two  solutions  axe  not  equally 
undercooled.    An  examination  of  Pig.  x,  and  Table  VI,  which  give  the 


Temperafcure 


'6     -7      -8      -9     -/^ 

Pig.  I. 


— T- 


changes  in  velodty  in  o.  i  M  solutions  of  hydrochloric  add  for  changes 
of  temperature,  shows  that  at  — 9°  the  velocity  of  crystallization  is  246, 
while  at  — 10°  it  is  about  280  cm.  per  minute.  The  error  caused  by  this 
difference  in  the  amoimt  of  undercooling  would,  therefore,  be  negligible. 

^  Richards  and  Jackson,  Z.  physik.  Chem,,  56, 362  (1906). 
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Discussion  <rf  Results.— The  results  obtained  with  o.i  M  solutions  as 
given  in  Table  II  show  that  there  is  no  relation  between  the  molecular  weight 
of  a  compound  and  its  retardation  of  the  V.  C.  of  the  water.    Mercuric 
chloride  with  a  molecular  weight  of  271 .6  has  about  the  same  retarding 
effect  as  sulfuric  acid   (mol.  wt.   98).     Ferric  chloride  and  potassium 
iodide  have  approximately  the  same  molecular  weights,  yet  the  velocity 
of  crystallization  with  the  former  is  70.7;  with  the  iodide  it  is  230  cm. 
per  minute.    A  similar  difference  is  seen  in  the  case  of  potassium  sulfate 
and  glucose.    The  most  striking  relation,  however,  is  that  which  exists 
between  the  number  of  atoms  in  the  compound  and  the  velocity  of  crys- 
tallization of  the  solution.    The  results  in  Table  II  are  arranged  with 
reference  to  the  increase  of  numbers  of  atoms  in  the  molecule.    An  ex- 
amination of  the  compounds  with  more  than  eight  atoms  in  the  mole- 
cule shows  that  the  number  of  atoms  is  one  of  the  factors  that  determines 
the  retarding  effect  of  that  compound  on  the  V.  C.    The  relation  is  only 
an  approximate  one,  to  be  sure,  but  that  such  a  relation  does  exist  is  evi- 
dent in  the  case  of  compounds  with  more  than  eight  atoms  to  the  mole- 
cule.    In  the  case  of  simpler  inorganic  compoimds  there  are  many  excep- 
tions.    Lithitmi  chloride  and  ethyl  alcohol,  for  example,  have  the  same 
V.  C,  although  the  former  has  two  atoms,  the  latter  nine.    For  com- 
poimds below  ethyl  alcohol  the  increase  of  the  inhibiting  effect  with  the 
increase  in  number  of  atoms  in  the  compound,  is  fairly  regular.    The 
fact  that  ethyl  alcohd  was  found  by  Dreyer  to  accelerate  the  V.  C.  of 
formanilide,  while  here  it  retards  the  formation  of  crystals,  is  worthy  of 
note. 

The  results  given  in  Table  III  show  the  effect  of  0.02  ilf  solutions  at 
— 9^.  The  same  relation  between  the  increase  in  the  number  of  atoms 
in  the  molecule  and  the  retarding  of  the  V.  C.  can  also  be  seen  from  these 
•experiments. 

The  explanation  of  the  inhibitive  action  of  these  compounds  cdnnot 
be  due  primarily  to  adsorption,  as  claimed  by  Freundlich  in  the  retarda* 
tion  of  the  crystallization  of  benzophenone  by  impurities. 

Prettndlich  points  out  that  compounds  that  have  a  large  number  of 
sterns  retard  the  crystallization  of  benzophenone  to  a  mcurked  degree. 
Isobidesyl,  CfoHnOs,  and  lepiden,  CigHsoO,  showed  a  very  great  retard- 
ing efi^ect  not  only  with  benzophenone  but  also  with  diphenylamine  and 
^-naphthylamine.  This  is  considered  by  Freundlich  to  be  due  to  the 
fact  that  these  compounds  are  very  strongly  adsorbed.  He  makes  the 
iollowing  statement: 

"AUerdings  sind  die  Abweichungen  bei  der  Beeinfluasung  der  Ejistalliaation- 
geschwindigkeit  durch  gel5ste  Stoffe  schon  haufig  und  gross  genug.  Es  entspricht 
durchaus  dem,  was  sonst  von  der  Adsorption  bekannt  ist,  dass  gerade  die  hochmolek- 
iilaren  Stoffe,  wie  Lepiden  und  Isobidesyl,  die  Kristallisationsgeschwindigkeit  be- 
:SQnders  stark  herabsetzen,  also  stark  adsorbiert  werden." 
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That  the  greater  adsorption  of  the  high  molecular  compounds  cannot 
in  the  present  investigation  be  the  explanation  of  the  retarding  effect 
is  shown  in  Table  II  by  the  V.  C.  of  the  undercooled  solutions,  containing 
the  sugars.  These  substances  retard  the  V.  C.  but  they  are  not  greatly 
adsorbed. 

"Die  Halogene  gehdren  zu  den  stark  adsorbierbaren,  Rohrzucker  (und  voraussicht- 
lich  alle  stark  hydroxy Ihaltigen  Stoffe)  zu  den  Schwach  adsorbierbaren  Stoffe."* 

Succinic  acid,  moreover,  has  a  greater  V.  C.  (170)  than  tartaric  (138.3) 
which  has  two  hydroxyl  groups  in  the  molecule.  The  alkaloids,  how- 
ever, have  a  marked  retarding  effect  on  the  V.  C.  and  they  are  also  known 
to  be  strongly  adsorbed.  They  are  the  only  strong  retarders  that  show 
this  relation. 

While  there  is  no  regularity  in  the  behavior  of  the  compotmds  with 
less  than  eight  atoms  to  the  molecule,  from  the  knowledge  oi  adsorption 
that  we  possess  it  is  evident  that  in  this  case  also  the  phenomenon  of  ad- 
sorption plays  a  negligible  role.  Concerning  the  extent  to  which  certain 
inorganic  salts  are  adsorbed  Frei^idUch'  makes  the  following  statement: 
"Nach  unverdffentlichten  Versuchen  von  Morawitz,  adsorbiert  Blutkohle  die 
anorganischen  Salze  der  Alkali  und  Erdalkalimetalle  so  wenig,  dass  es  besonderer 
analytischer  Hilfsmittel  bedfirfen  wfirde  um  unzweideutig  Sinn  und  GrOsse  der  ad- 
sQibierten  Menge  festzasteQ^.  Dagegen  werden  die  Salze  der  Schwefmctalte  (CuSOi* 
AgNOb,  HgQi)  ganz  merkbar  poditiy  adMrbiert." 

When  the  V.  C.  of  salts  of  alkalies  and  alkaline  earths  are  compared 
with  the  V.  C.  of  salts  of  the  heavy  metals  it  is  seen  that  adsorptioa  plays 
an  insignificant  role. 

(i)  V.  C.  of  Caat 155;    NaCl.     247. 

( j)  V.  C.  of  CttCl.. 150;    HgCk.    2 18 ;    AgNOi.  «67. 

In  the  light  of  the  foregoing  statemient  by  Flreundlich  the  salts  under 
(2)  are  adsorbed  mudi  more  than  those  under  (i)  and  as  a  consequence 
should  retard  the  V.  C.  much  more.  A  comparison  of  calcium  cUoride 
with  'the  chlorides  of  copper  and  mercury,  and  of  sodium  cUoride  with 
silver  nitrate  shows  that  this  is  not  the  case. 

While  the  decrease  in  the  velocity  of  crystallization  of  water  cannot 
be  explained  by  the  assumption  that  the  dissolred  substances  are  ad- 
sorbed in  different  amounts  at  the  cryst^  surfaces,  on  the  other  hand 
the  data  which  have  been  obtained  in  these  experiments  do  not  permit 
any  explanation  of  this  phenomenon.  The  similarity  between  the  velocity 
of  formation  of  crystals  and  some  of  the  well-known  reactions  in  chemical 
kinetics,  however,  is  very  suggestive. 

O.  Lehmann'  has  pointed  out  that  an  undercooled  liquid  is  by  no  means 
a  collection  of  similar  molecules,  but  is  composed  of  different  molecular 

*  Freundlich,  "Kapillarchemie,"  1909,  p.  160. 

*  "Kapillarchemie,"  1909,  p.  166. 

»  "Molekularphysik,"  1888, 1,  p.  683  (Erstarren  und  Schmelzen). 
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aggregates  in  a  state  of  equilibrium.  Only  one  type  oi  these  molecular 
aggregates,  M^,  is  capable  of  crystallizing,  and  this  is  in  equilibriimi 
with  the  other  molecules  in  the  fusion  M/.  The  state  of  equilibrium 
would  then  be  expressed  by  the  equation 

That  water  in  the  neighborhood  of  its  freezing  point  consists  of  such  molec- 
ular aggregates  is  a  generally  accepted  fact.  Sutherland^  believes  liquid 
water  to  be  a  mixture  of  dihydrol  (H20)2,  and  trihydrol  (H20)g,  the  lat- 
ter compound  at  0°  being  present  to  the  extent  of  37 . 5%.  The  formation 
of  ice  crystals  may  consequently  be  considered  as  an  increase  in  the  more 
complex  molecular  aggregates  and  may  be  represented  by  an  equation 
similar  to  the  following: 

3(H,0)2  Z^  2(H20), 
That  the  presence  of  foreign  substances  should  influence  the  rate  at 
which  the  above  change  takes  place  is  a  reasonable  asstunption. 

Smith^  and  his  co-workers  have  shown  that  at  the  melting  point  of 
monodinic  sulfur  a  similar  case  of  equilibrium  exists.  The  liquid  con- 
tains two  molecular  aggregates,  S^,  (Se)  and  the  monodinic  sulftu*  Sx, 
(Ss).  The  rate  at  which  equiUbrium  between  these  two  forms  is  attained 
is  accderated  by  certain  reagents;  by  others  it  is  retarded.  Ammonia 
acts  as  an  accderator,  sulfur  dioxide  as  a  retarder. 

That  the  effect  of  the  dissolved  substances  on  the  speed  of  the  reac- 
tion between  di-  and  trihydrol  should  be  specific,  is  not  surprising;  it  is,  in 
fact,  to  be  expected.    Just  why  all  these  compounds  retard  the  V.  C, 
instead  of  accderating  the  reaction,  is  a  fact  that  is  difficult  to  explain. 
It  is  of  interest  in  this  connection  to  point  out  that  among  the  simpler 
compounds,  those  that  show  an  unusual  retarding  effect  belong  for  the 
greater  part  to  one  type,  viz.,  those  that  either  crystallize  with  water  of 
crystallization  or  are  very  deliquescent.    There  are  one  or  two  exceptions 
to  be  sure,  but  lithium  chloride,  copper  chloride,  caldum  chloride,  sodium 
carbonate  and  espedally  ferric  chloride  show  an  inhibiting  action  that 
is  abnormal.    The  attraction  that  these  substances  have  for  water  may 
have  a  rdation  to  the  tmusual  retarding  effect'  that  they  have  upon  the 
rate  at  which  the  molecules  undergo  rearrangement.    The  reason  why 
the  molecules  with  a  large  number  of  atoms  show  such  an  unusual  retard- 
ing effect  is  difficult  to  explain.    Certain  it  is  this  cannot  be  due  to  the 
fact  that  they  are  adsorbed  to  a  greater  extent  than  the  simpler  com- 
pounds. 

1  PM.  Mag,,  [16J  50, 460  (1900). 
«  Tms  Journal,  27,  797  (1905);  29,  499  (1907). 

'  An  article  by  Jones  and  one  of  his  co-workers,  published  in  a  recent  number  of 
This  JouRWAt,  38,  105  (1916),  is  of  interest  in  this  connection.  These  investigators 
showed  that  "Salts  with  water  of  crystallization  inciiease  the  velocity  of  the  saponi6ca- 
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Change  of  Crystal  Habit. — It  has  long  been  known  that  the  speed  of 
crystallization  is  often  retarded  by  substances  that  change  the  crystal 
habit.  A  possible  explanation  of  the  ixihibiting  effect  of  various  solutes 
may  lie  in  the  fact  that  these  substances  change  the  kind  of  ice  crystals, 
and  consequently  the  speed  at  which  they  are  separated  from  the  solu- 
tion. Mention  has  already  been  made  of  the  fact  that  the  crystals  Ubera- 
ted  from  solution  of  hydrochloric  add  and  certain  of  the  sugar  solutions 
were  different  in  appearance  from  the  crystals  formed  with  pure  water, 
although  with  most  of  the  solutions  used,  the  appearance  of  the  crystals 
Was  the  same  as  those  obtained  with  water.  Hartmann^  found  that 
four  kinds  of  crystals  were  separated  from  undercooled  solutions  of  the 
following  compounds:  cane  sugar;  MnS04;  HC2H«02;  NaOH;  CsHjCOH)^; 
HCl;  FeCla.  These  crystals  were  formed,  however,  in  strongly  under- 
cooled  solutions  which  contained  from  8  to  25%  of  the  solute.  In  solu- 
tions of  greater  dilution  ordinary  ice  crystals  were  always  obtained  no 
matter  how  much  the  solution  was  undercooled.  These  crystals  are  de- 
scribed by  Hartmann  as  follows: 

a.  A  mixture  of  right-angled  and  six-sided  crystal  skeletons.  The  six- 
sided  plates  are  very  similar  to  the  ordinary  snow  stars  with  six  rays. 
In  the  right-angled  plates  the  individual  crystal  needles  cut  each  other 
at  an  angle  of  60**. 

fc.  Opaque  spherulites,  in  which  no  radial  structure  could  be  observed 
because  of  the  opacity. 

c.  Opaque,  spherical  structure,  built  of  opaque  plates. 

d.  Ice  ^'feathers." 

A  series  of  experiments  were  carried  out  by  Hartmann  in  which  under- 
cooled water  was  inoculated  with  ice  crystals  of  form  a,  and  the  linear 
V.  C.  for  the  formation  of  crystals  of  this  form  determined.  The  results 
obtained  were  within  the  error  of  experiment  the  same  as  those  obtained 
for  the  V.  C.  of  ordinary  ice  crystals  (form  d).  These  experiments  show, 
that  even  if  the  crystals  that  separated  from  the  undercooled  aqueous- 
solutions  are  different  from  those  formed  in  pure  undercooled  water^ 
the  V.  C.  is  the  same,  consequently  the  retardation  is  not  to  be  explained 
by  the  change  in  the  form  of  the  crystals. 

Retarding  Effect  of  Certain  Colloids  and  Dissolyed  Gases. — ^Mention 

tion  of  an  ester  to  a  greater  extent  than  salts  with  no  water  of  crystallization."  It  is 
believed  that  the  great  effect  of  these  salts  is  due  to  the  fact  that  they  are  hydrated  in 
solution.  The  assumption  that  the  inorganic  salts  with  water  of  crystallization  fodn 
hydrates  in  s6lution  would  explain  the  abnormal  behavior  of  PeCU,  CuCls,  CaCli,  etc.» 
in  this  investigation.  The  formation  of  a  hydrate  would  mean  the  existence  of  a 
molecular  aggregate  with  a  larger  number  of  atoms.  Since  the  retarding  effect  in- 
creases with  the  number  of  atoms  in  the  molecule,  the  slowing  down  of  the  V.  C. 
would  be  greater  than  would  be  expected  from  the  formula  of  the  anhydrous  8ubstan<3e^ 
^  Z.  anorg.  Chem,,  88,  128  (19 14). 
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has  already  been  made  of  the  fact  that  it  was  impossible  to  determine 
the  V.  C.  of  gelatin  and  sodium  oleate  solutions  at  — 9°  because  of  spon- 
taneous crystallization.  The  behavior  of  solutions  containing  these  two 
substances  was,  however,  much  diJfferent  from  that  of  the  majority  of 
solutions  that  crystallize  spontaneously.  In  the  case  of  water  or  mag- 
nesium sulfate  the  crystals  suddenly  appear  at  one  point  in  the  tube  and 
grow  tmtil  the  tube  is  filled.  With  the  gelatin  and  the  soap  solution 
from  five  to  seven  nuclei  develop  at  different  parts  of  the  tube  at  the  same 
instant.  Whether  these  substances  have  the  power  of  increasing  the  num- 
ber of  crystallizing  centers  or  merely  develop  latent  centers,  is  a  question 
that  can  be  answered  only  by  further  experim^t.^  Experiments  were 
also  carried  out  with  gelatin  at  — 7 .  i  °,  at  which  temperature  the  tendency 
to  crystallize  spontaneously  was  not  observed.  The  results  obtained  are 
given  in  Table  IV.  The  retardation  is  doubtless  due  in  part  to  such 
factors  as  the  increase  in  the  viscosity,  also  the  change  in  thermal  conduc- 
tivity. 

Tabl9  IV. 
The  velocity  of  crystallization  of  undercooled  gelatin  solutions.    Temperature  — 7.1  **. 

Time  per  meter.       Velocity  cm. 
Concentimtioit.  Seconds.  per  minttte. 

Water 32 .2  186 

15.00  g.  per  liter 94.7  63.3 

7.50  g.  per  liter 48.6  123* 

3-75  g-  per  liter. 43 . 2  139 

The  retardations  of  the  V.  C.  by  several  other  substances  are  given  in 
Table  V.  Concentrated  solutions  of  the  dyes  could  not  be  used  because 
the  depth  of  color  made  it  impossible  to  follow  the  progress  of  the  crystal- 
lizing surface.    The  concentration  of  the  dyes  used  was  so  low  that  little 

Tablb  V. 

The  influence  of  miscellaneous  substances  on  the  velocity  of  crystallization  of 

•  water.    Temperature —9.1*'. 

Time  per  meter       Velocity  cm. 
Compound.  Concentration.  in  seconds.  per  minute. 

Wasser  blau i  g.  in  5  1.  13.6  441 

Safranin i  g.  in  0.5  1.  16 .8  357 

Malachite  green i  g.  in  2.0 1.  17 .4  345 

Saure  violet i  g.  in  2.5  1.  15 . 1  397 

Methylene  blue i  g.  in  5.0  1.  19.7  304 

Kosaniline Satd.  soln.  at  room  temp.      18 .0  333 

Carbon  dioxide Satd.  soln.  17.2  348 

Oxygen Satd.  soln.  18 .6  323 

Ferric  hydroxide  colloidal  soln. .  Concentrated  34.  i  176 

nan   be  learned  concerning  their  effects.     In  general,  they  stabilize  the 
undercooled    solution    greatly,    spontaneous    crystallization    occurring 
much  less  frequently  than  with  the  substances  in  Table  II.     Of  particular 
1  "Kristallisieren  und  Schmelzen/'  p.  148. 


Digitized  by  VjOOQIC 


328 


JAMES  H.   WAI^TON  AND  ALBERT  BRAKN. 


interest  is  the  fact  that  the  solutions  containing  dissolved  carbon  dioxide 
and  oxygen  could  be  readily  undercooled  and  were  fairly  stable  towards 

spontaneous  oystalliza- 
tion.  This  seems  to  dis- 
prove the  often  repeated 
statement  that  gas-free 
water  is  absolutely  nec- 
essary to  successful  un- 
dercooling. 

Further  experiments 
were  carried  out  in 
which  there  was  mea- 
sured (i)  the  V.  C.  of 
o.iM  hydrochloric  add 
solutions  from  — ^4**  to 
— IO^  (2)  the  V.  C.  of 
tmdercooled  solutions  of 
hydrochloric  add  of  dif- 
ferent concentrations. 
.The  results  are  given  in 
Tables  VI  and  VII  and 
are  shown  graphicaUy 
gives   the  results   obtained 


/.o    . 


o.'^s . 


O.J     . 


0.2  J 


c 

o 

O 


VeloclfcyTftffr 
/io  160 


"i!o 


Fig.  2. 

in  Figs.   I   and  2.    Table  VIII    (Fig.  3), 
with  solutions  of  brudne  stdfate  of  various 


concentrations  at  —9 .  i  * 


Tablb  VI. 
The  velocity  of  crystallization  of  undercooled  aqueous  aolutioiis  of  o.x  M  hirdio- 
chloric  add  at  various  temperatures. 

Temperature... — 4.1*  — ^5.1*  — 6.i*  — 7.i*  — 8.i'  — 9.i*  — 10. i*  — 10.7* 

Velocity     cm.     per 
minute 75.0    113. o    144.0    178.0    223.0    249.0    280.0       309.0 

Table  VII. 
The  velocity  of  crystallization  of  undercooled  aqueous  solutions  of  hydroGhlocic 
add  of  various  concentrations.    Temperature  — 9.1  ^. 

Concentration      gram 

mols  per  liter i.o      0.5      0.25      0.125      0.0625      0.03125      0.01563 

Vdodty  cm.  per  min 21.3  109.0  211. o    226.0      258.0        271.0  291.0 

Tablb  vni. 

The  vdodty  of  crystallization  of  undercooled  aqueous  solutions  of  brudne  sulfate 
of  various  concentrations.    Temperature  — 9.1  *. 

Concentration    gram    mols 

per  liter 0.02      o.oi      0.005      0.0025      0.00125      0.000625 

Vdodty  cm.  per  minute 114. o     154.0    236.0      309.0        365.0  365.0 
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In  this  series  of  experiments  it  was  found  that  although  bntdne  sulfate 
when  present  to  the  extent  of  0.00125  and  0.000625  gram  mol  per  liter 
had  no  effect  on  the  V. 
C.  of  the  solvent;  it  did 
have  a  remarkable  effect 
in  preventing  spontane- 
ous oystallization,  for 
solutions  of  this  concen-  i.s 
tration  can  be  easily  un- 
dercooled  and  are  much 
more  stable  than  pure 
water. 

Summary.  '• 

The  results  of  this 
investigation  may  be 
briefly  summarized  as 
follows: 

I.  The  velocity  of 
crystallization  of  ice 
from  aqueous  solutions  ai#  . 
of  45  substances  has 
been  determined  at 
— 9.I^  The  dissolved 
substances  all  retard  the 
velocity  of  crystallization. 
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Fig.  3. 
In  no  case  has  an  acceleration  been  observed. 
Solutions  of  equimolecular  concentrations  show  different  retarding 
effects.    The  retardation  is  not,  therefore,  a  colligative  property. 

3.  For  substances  with  more  than  8  atoms  in  the  molecule  there  is  a 
rough  relation  between  the  number  of  atoms  in  the  molecule  and  the  in- 
hibition of  the  velocity  of  crystallization;  the  greater  the  number  of  atoms, 
the  lower  the  rate.  For  compounds  with  less  than  8  atoms,  the  power  of 
retardation  seems  to  be  a  specific  property. 

4.  That  these  effects  cannot  be  explained  by  Marc's  adsorption  theory 
of  the  inhibition  of  crystallization  is  evidenced  by  the  fact  that  the  sugars, 
which  are  not  greatly  adsorbed,  are  very  active  in  retarding  the  rate  of 
crystallization.  Certain  inorganic  salts  also  show  no  relation  between 
the  extent  to  which  they  are  adsorbed,  and  their  retardation  of  the  forma- 
tion of  ice  crystals. 

5.  Substances  in  the  colloidal  state  such  as  gelatin,  ferric  hydroxide 
and  certain  dyes  retard  the  velocity  of  crystallization. 

6.  The  stability  of  the  undercooled  solutions  towards  spontaneous 
crystallization  varies  with  the  solute,  o.i  M  solutions  of  hydrochloric 
acid  are  exceptionally  stable. 
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Dilute  solutions  of  certain  dyes  are  also  imusually  stable.  Solutions 
of  brucine  sulfate  with  a  concentration  less  than  0.00125  gram  mol  per 
liter  do  not  affect  the  velocity  of  crystallization.  These  solutions,  how- 
ever, are  much  more  stable  toward  spontaneous  crystallization  than  pure 
water  at  the  same  temperature. 

Madison,  Wisconsin. 


DIFFERENTIAL  lODIMETRY. 
1— DETERMINATION  OF  PERIODATES,  lODATES,  BROMATES  AND  CHLO- 
RATES IN  THE  PRESENCE  OE  EACH  OTHER.* 

By  O.  L.  Barnbbsy. 
Received  December  2,  1915. 

Considerable  work  has  been  done  by  various  investigators^'**  who  have 
studied  the  rates  of  reaction  between  oxidizing  agents  of  the  type  of  the 
oxidized  halog^  compotmds  and  potassium  iodide.  The  larger  portion 
of  the  previous  work  has  been  from  a  phyisico-chemical  viewpoint,  per- 
formed in  an  endeavor  to  establish  the  order  of  these  reactions.  This 
study  has  for  its  purpose  the  investigation  of  such  reactions  to  ascertain 
the  conditions  under  which  they  are  applicable  to  analytical  chemistry. 

When  potassium  iodide  is  added  to  oxidizing  agents  in  acid  solution, 
free  iodine  is  liberated  more  or  less  completely,  the  quantity  of  oxidizing 
agent  transposed  depending  upon  the  concentrations  of  the  substances 
involved,  the  temperature,  and  to  a  certain  extent  the  pressure.  The 
greater  the  concentration  of  iodide  the  more  rapid  the  reaction.  The 
greater  the  dissociation  of  the  acid  as  well  as  the  larger  the  amount  of 
add  involved  the  faster  the  liberation  of  iodine  occurs.  This  principle 
has  been  utilized  for  the  purpose  of  determining  the  strength  of  acids**"'*, 
a  mixture  of  iodide  and  iodate  having  been  utilized  for  the  purpose. 

The  utilization  of  such  reactions  for  direct  quantitative  purposes  has 
been  studied  to  a  comparatively  limited  extent.  Certain  reactions,  like 
those  between  cupric  salts,  ferric  salts,  permanganate,  dichromate,  and 
the  halogenates  and  an  iodide,  have  been  shown  to  be  quantitative  for 
the  individual  reactions,  and  they  form  the  basis  of  laboratory  determina- 
tions in  common  use.  Moser**  converted  iron  into  a  complex  by  the 
use  of  p3rrophosphoric  acid  and  titrated  copper  in  the  presence  of  iron. 
Edgar**  reduced  chromic  and  vanadic  acids  with  hydrobromic  add,  dis- 
tilling into  potassium  iodide,  then  reduced  the  vanadium  and  iron  with 
hydriodic  add,  again  distilling.  In  each  case  the  iodine  was  titrated  with 
thiosulfate.  An  arsenite  method  was  used  for  the  determination  of 
chromic  add.  By  combining  the  schemes,  diromic  add,  vanadic  add 
and  ferric  iron  were  determined.     However,  no  systematic  study  has 

*  Presented  at  the  Seattle  meeting  of  the  American  Chemical  Society.  August 
30th  to  September  4th. 
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been  made  in  which  it  was  attempted  to  titrate  various  oxidizing  substances 
in  the  presence  of  each  other,  utilizing  varying  concentrations  of  acid 
and  iodide  to  Uberate  iodine  in  a  differential  manner,  subsequently  ti- 
trating the  iodine  with  a  reducing  agent  such  as  thiosulfate.  This  paper 
considers  the  determination  of  periodates,  iodates,  bromates  and  chlorates 
in  the  presence  of  each  other  and  also  in  the  presence  of  perchlorates. 
The  halogenate  solutions  used  in  this  investigation  were  tenth  normal. 
The  sodium  thiosulfate  and  sodium  arsenite  solutions  were  approximately 
tenth  normal  and  were  accurately  standardized  when  used.  The  potas- 
sium iodide  solution  was  normal  and  contained  no  liberated  iodiile. 

Determination  of  Periodate  in  the  Presence  of  lodate,  Bromate  and 

Chlorate. 

Muller  and  Friedberger**  state  that  periodate  can  be  titrated  in  the 
presence  of  iodate,  using  an  acidity  of  acetic  acid  between  the  concen- 
trations of  0.02  N  and  o.i  N  with  thirty  per  cent,  sodium  acetate.  No 
results  are  recorded.  However,  they  further  state  that  an  arsenite  method, 
which  is  described,  surpasses  the  thiosulfate  method  in  exactness. 

Periodates  in  neutral  solution  react  with  potassum  iodide,  3rielding  iodate 
and  free  iodine.  The  free  iodine  can  be  accurately  titrated  in  the  pres- 
ence of  an  excess  of  sodium  bicarbonate  with  a  standard  arsenite  solution 
prepared  in  the  usual  manner.  This  confirms  the  work  of  Miiller  and 
Friedberger. 

If  an  attempt  is  made  to  titrate  the  free  iodine  with  thiosulfate,  erratic 
results  are  obtained.  If  a  weak  add  is  added  to  remove  the  alkali  formed, 
conditions  are  improved  somewhat;  however,  great  care  must  be  exercised 
in  the  choice  of  the  add  and  the  concentration  of  the  same.  The  add 
must  be  very  weak,  otherwise  it  wiU  cause  interaction  of  iodide  and  iodate. 
The  use  of  acetic  add  and  sodium  acetate  mentioned  by  Miiller  and 
Friedberger  was  found  to  be  unsatisfactory.  Stearic  add  and  sodium 
stearate,  palmitic  add  and  sodium  palmitate,  carbonic  add  and  sodium 
bicarbonate  were  tried,  but  satisfactory  results  were  not  obtained. 

When  boric  add  and  an  iodide  are  added  to  a  solution  containing  a 
periodate,  the  latter  is  converted  to  iodate  and  the  liberated  iodine  can 
be  titrated  with  thiosulfate.  However,  the  iodate  is  affected  slightly. 
This  slight  effect  can  be  removed  by  the  addition  of  borax  (normal  sodium 
bco-ate  also  has  the  same  effect)  which  diminishes  the  addity  of  the  boric 
acid  to  a  suffident  extent  to  practically  prevent  the  iodate  reaction. 
(Table  I.) 

The  titrations  were  performed  at  room  temperature.  The  results  show 
that  addition  of  soUd  boric  add  in  excess  and  two  grams  of  borax  to  the 
iodate  solution  gives  such  a  very  sUght  reaction  between  o.i  iV  iodide  and 
a  o.  I  g.  of  iodate  in  a  volume  of  loo  cc.,  and  that  the  iodate  influence  may  be 
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considered  negligible  during  the  titration  of  the  iodine  resulting  from  the 
periodate  decomposition. 

Tabids  I. — IsVLimscB  of  Boric  Aero  and  Borax  upon  thb  Reaction  bbtwssn 

lODATA  AND  lODroS. 

Volume  loo  cc. 

Expt. 
No. 


Boric  acid. 
O. 

Boraac 
G. 

Time. 
Hours. 

KIOi 

present. 

0. 

KIO4 

indicated. 

G. 

Ozvgen. 

indicated. 

G. 

2 

O.I 

24 

"  0.0892 

0.0138 

0.00096 

2 

0.2 

24 

0.0892 

0.0048 

0.00034 

2 

0.5 

24 

6.0892 

0.00071 

O.OOOQ5 

2 

I.O 

24 

0.0892 

0.00021 

0.00002 

2 

2.0 

24 

0.0892 

2    ' 

4.0 

24 

0.0892 

2 

6.0 

24 

0.0892 

4 

24 

0.0357 

0.0437 

0.00304 

2 

24 

0.0892 

0.0564 

O.OQ355 

id  in  excess 

2 

24 

0.0892 

0.0003 

0.00003 

Allowing  thiosulfate  in  excess  to  remain  a  short  time  in  the  presence 
of  iodate  does  not  cause  reduction  of  iodate.  However,  periodate  does 
react  with  thiosulfate,  hence  the  periodate  should  be  allowed  to  react 
completely  with  iodide  before  titration  is  c^mmenoed,  otherwise,  results 
may  be  vitiated  to  a  greater  or  less  extent  Three  minutes  is  sufficient 
time  to  allow  for  the  completion  of  the  periodate  reaction. 

TaBUI  II.— DETSRIONATION  of  PERIODAtE  BT  REACTION  WITH  lODmE  IN  SOLUTION8 

CoNTAiNiNO  Boric  Acid  and  Borax. 

KIOc. 
Addad.  < 

Experiment 


I. 

2. 
3. 
4. 

5- 
6. 

7. 
8. 

9. 
10. 

XI. 


AOIM 

lO. 

Present. 
G. 

Found. 
Q. 

Oram. 

0.2835 

0.2839 

0.2835 

o.2a36 

O.I134 

0.II35 

0.0567 

0.0568 

0.5670 

0.5669 

KIO, 

0.0892 

0.0567 

0.0568 

KIOi 

0.0892 

O.II34 

0.II37 

KlOt 

0.0892 

0.2835 

0.2836 

KBrO, 

0.1 

Q.1134 

O.II35 

KCIO, 

O.I 

0.1134 

O.II32 

KClOi 

0.1 

O.H34 

0.1x36 

A  series  of  periodate  titration  results  is  given  in  Table  II.  In  each  ex- 
periment 2  g.  of  borax  were  added  to  the  solution  (about  90  cc.)  con- 
taining the  periodate  in  an  Erlenmeyer  flask,  followed  by  an  excess  of 
solid  boric  add  and  10  cc.  of  normal  potassium  iodide.  The  total  volume 
was  100  cc.  in  each  instance.  Three  minutes*  time  was  allowed  for  inter- 
action of  iodide  and  periodate,  after  which  the  resulting  iodine  was  ti- 
trated with  standard  thiosulfate  to  the  disappearance  of  the  iodine  color. 
The  column  "g.  KIO4  present"  contains  the  amounts  of  periodate  com- 
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puted  on  the  basis  of  the  sodium  arsenite  titration  in  bicarbonate  solution. 
The  results  of  the  two  methods  are  thus  seen  to  be  in  close  agreement. 
Bromate,  chlorate,  perchlorate,  as  well  as  iodate,  do  not  interfere. 

Determination  of  lodate  in  Presence  of  Bromate  and  Chlorate. 

For  the  Uberation  of  iodine  from  an  iodide  by  iodate  only  a  sUght  acidity 
of  a  mineral  add  is  required;  however,  bromate  also  reacts  with  iodide 
in  only  slightly  add  solutions  when  mineral  adds  are  used.  With  acetic 
add  there  is  a  marked  difference  between  iodate  and  bromate  within 
certain  limits  of  acidity  (see  Fig.  i).  At  room  temperature  (25**)  it 
was  found  that  0.125  ^  acetic  add  in  presence  of  o.i  N  iodide  would 
cause  liberation  of  iodine  corresponding  to  the  entire  oxidizing  value  of 


Figure!' 
Action  of  Acetic  Acid  upon  lodate  and  Bromate  with  Iodide 

Time  3mifh»  Vo/ume^a.,  lodidsO-lN,  VariaiUe  HCjHsOt,  KIO^-O-WTOg- 
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0.1  g.  of  iodate  in  a  volume  of  100  cc.  within  three  minutes.  On  the 
other  hand  ai  g.  of  bromate  under  the  same  conditions  liberated  a  slight 
amount  ci  iodine,  suffident  to  require  0.30  cc.  of  0.1  N  thiosulfate  when 
the  reaction  had  proceeded  for  three  minutes.  This  bromate  reaction 
can  be  retarded  by  the  addition  of  sodium  acetate,  but  when  a  suffident 
amount  is  added  to  accomplish  the  purpose  the  speed  of  the  iodate  reaction 
is  also  lessened,  requiring  a  much  longer  time  for  its  reaction  with  the  iodide* 
and  the  lengthened  time  introduces  the  bromate  influence  again.  The 
extent  of  the  action  of  the  bromate  is  appreciably  lessened  .by,  lowering 
the  temperature,  the  iodate  being  much  less  affected  thereby.  A  very 
effective  method  found  to  be  applicable  was  to  chill  to  3®  or  4**  the  solu- 
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tion  containing  0.25  N  acetic  add  and  o.i  N  iodide,  under  which  condi- 
tions 0.1  g.  of  potassium  bromate  in  100  cc.  required  0.15  cc.  of  o.iN 
thiosulf ate  for  titration  of  the  iodine  liberated  at  the  end  of  three  minutes. 
For  smaller  amotmts  of  bromate  a  correspondingly  smaller  quantity  of 
thiosulf  ate  is  required  (see  Table  III). 

TaBLS  III. — DSTBRSHNATION  OF  lODATE  IN  PRESBN<^  OF  BrOMATE. 

NasSiOi.  KIO« 

KBrOa  * " ^  ^ * * 

Experiment  present.  Cor-  present.  found. 

No.  O.  Total  cc.     Blank  cc.    rected  cc.  G.  G. 

1 0.0835  9-48  o-o8  9.40  0.0357  0.0357 

2.. 0.0557  9.44  0.04  9.40  0.0357  0.0357 

3 0.0413  18.84  0.00  18.84  0.0714  0.0715 

4 0.0278  28.24  0.02  28.22  0.1070  0.1070 

5 0.0835  4>74  0.06  4.68  0.0178  0.0177 

6 0.0835  1.04  O.io  0.94  0.0036  0.0036 

7 0.0974  28.40  0.14  28.26  0.1070  0.1071 

8 0.153Z  28.48  0.18  28.30  0.1070  0.1073- 

9.... 0.1531  1. 12  0.18  0.94  0.0036  0.0036 

The  procedure  adopted  for  the  determination  of  iodate  in  presence  of 
bromate  is  as  follows:  A  o.i  g.  sample*  (or  corresponding  aliquot  por- 
tion if  in  solution)  is  dissolved  in  about  seventy  cc.  of  water  in  an  Erlen- 
meyer  flask  and  the  solution  chilled  in  ice  water  for  some  time.  To  the 
cooled  solution  is  added  about  10  cc.  of  normal  potassium  iodide,  followed 
by  about  20  cc.  of  1.25  N  acetic  add  also  chilled  in  ice  water.  The  time 
is  noted  and  the  solution  allowed  to  stand  a  minute  or  more;  then  the 
titration  with  standard  thiosulfate  is  completed  at  the  end  of  a  certain 
definite  time — ^let  us  say  three  minutes  (not  less).  The  titration  is  con- 
ducted with  the  solution  immersed  in  a  dish  of  water  containing  an  excess 
of  ice.  After  the  titration  has  been  completed  and  the  reading  noted  the 
solution  is  allowed  to  stand  in  ice  water  an  equal  length  of  time  and  more 
thiosidf ate  is  again  added  to  bleach  any  iodine  which  may  have  been  pro- 
duced by  action  of  bromate.  The  second  titration  is  the  amount  of  thio- 
sulfate which  must  be  subtracted  from  the  first  titration,  inasmuch  as 
it  represents  the  amount  of  bromate  decomposed  during  the  titration  of 
the  iodate.  On  the  basis  of  the  corrected  volume  of  thiosulfate  the  iodate 
is  computed.  The  results  of  Table  III  show  that  excellent  results  can  be 
obtained  in  the  presence  of  relatively  small  and  large  amounts  of  bromate, 
the  only  eflfect  of  the  varying  quantities  of  bromate  being  to  vary  the 
amount  of  the  "blank"  to  be  subtracted  from  the  total  volume  of  thio- 
sulfate required  in  the  first  titration.  Naturally,  any  periodate  present 
with  the  iodate  would  be  titrated  by  this  procedure,  thus  giving  a  means 
of  determining  their  total  oxidizing  value,  and  by  application  of  the  pre- 
*  In  some  experiments  of  Table  III  larger  amounts  of  bromate  are  used  than 
corresponds  to  this  weight  of  sample,  the  purpose  being  to  show  in  more  marked  maimer 
the  effect  of  the  bromate. 
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ceding  titration  of  periodate  in  the  presence  of  iodate  the  two  can  be 
detennined  in  the  presence  of  each  other. 

Determination  of  Bromate  in  Presence  of  Chlorate. 

Bromate  will  liberate  iodine  from  an  iodide  with  much  lower  acidity 
than  will  chlorate;  however,  weak  acids  will  not  cause  iodide  to  completely 
transpose  the  bromate  within  a  reasonable  period  of  time.  A  preliminary 
study  of  the  effect  of  various  adds  and  potassium  iodide  upon  chlorate 
and  bromate  indicated  dilute  hydrochloric  acid  to  be  very  well  adapted 
for  the  determination  of  the  bromate  without  chlorate  interference  (Fig.  2). 

Table  IV  contains  the  results  of  determinations  of  bromate  under  various 
conditions.  In  all  cases  the  temperature  was  that  of  the  room  (24^) 
except  in  Expt.  14,  in  which  case  the  solutions  were  chilled  in  ice  water 
to  about  4**.  The  solutions  were  prepared  by  adding  the  add  after  all 
the  other  reagents.  Bxpts.  6-12  show  a  wide  latit4ide  in  the  amount  of 
add  which  may  be  added  without  introducing  an  appredable  error  due 
to  chlorate.  Bxpts.  1-5  and  15-17  show  that  o.i  g.  of  potassium  bromate 
may  be  accuratdy  titrated  in  100  cc.  of  a  solution  which  contains  0.05  N 
iodide  and  0.2  N  hydrochloric  add  withia  a  reasonable  time  after  adding 
the  various  reagents. 

TaBLS  IV. — DBTSRMINATIOM  of  BrOMATS  m  the  PRBSSNCS  of  Cm^RATB. 

Total  volume  in  each  experiment  «=  100  cc. 


Bzpcrt- 

mcnt 
No. 


KBiOi 


KI. 

HO 

n».gr.  1. 
r.     cc. 

1.        Time. 
Min. 

KClOi 

PKflcnt. 
0. 

present. 
G. 

found. 
G. 

0.05 

2 

I 
a 

0.0557 

0.0474 
0.0505 

3 

0.0513 

0.05 

3 

I 
2 

0.0557 

0.0550 
0.0559 

0.05 

5 

Immediate 

0.0557 

0.0557 

0.05 

5 

Immediate 

O.II14 

0.II14 

0.05 

5 

Immediate 

0.1392 

0.1393 

0.05 

5 

3 

0.10f2I 

O.OOOl* 

0.05 

ID 

3 

0.X03X 

O.OOOI* 

0.05 

10 

32 

0.I02I 

0.0002* 

0.05 

20 

3 

0.IO2I 

0.0002* 

0.05 

20 

26 

0.I02I 

0.0008* 

0.05 

25 

3 

0.I02I 

0.0002* 

0.05 

30 

3 

0.I02I 

0.0003* 

0.05 

45 

3 

0.I02I 

0.0029* 

0.05 

45 

3 

0.I02I 

(at  4^) 

O.OOOI* 

0.05 

5 

Immediate 

0.I02I 

0.0557 

0.0556* 

0.05 

5 

Immediate 

0.I02I 

0.1392 

0.1393* 

0.05 

5 

Immediate 

0.I02I 

0.1114 

0.III4* 

3; 

4 

5 

6 

7 

8. 

9 '• 

10 

II 

12 

13 

14 

15 

16 

17 

*  A  slight  trace  of  bromate  was  present  in  the  chlorate  used,  which  accounts  for 
the  slight  liberation  of  iodine  immediately  and  no  more  liberation  for  a  considerable 
period  of  time  in  experiments  6-9,  1 1  and  12. 
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Should  periodate  or  iodate  be  present  they  will  give  up  their  available 
oxygen  to  potassium  iodide  for  iodine  Uberation  and  hence  be  titrated  also. 
By  use  of  the  previously  outlined  methods  the  periodate,  iodate  and  bro- 
mate  may  be  determined  in  presence  of  each  other. 

Determination  of  Chlorate  in  the  Presence  of  Perchlorate. 

Perchlorate^^  will  not  readily  liberate  iodine  from  potassium  iodide  in 
add  solution  at  ordinary  temperatures.  Although  chlorate  has  an  in- 
appreciable rate  of  reaction  with  iodide  in  dilute  acid  solution,  when  the 
add  concentration  becomes  considerably  stronger  the  rate  increases  with 
increasing  addity  very  markedly,  until  the  chlorate  can  be  completely 
transposed  with  an  equivalent  Uberation  of  iodine  (Pig.  2). 


Figure  JL 
Action  of  Hydrochioric  Acid  i^po/i  CMoraTt  and  Bromafo  wifii  lodic/e 
TTme  Jm/n^  Vof y me mcc-, Iodide  0-W,  yor/o^/e  HCi,KBrq,''0JS7O' 
I      1     Camaftt*  Mu»0Uberet/on    '^^'^^^'PfP?^' 


.  c^mfil^  Z^^infXi(wfif<Pii, 


4     6    6     i9    />    AT    t6    IS  to    12  U  i^   i6  Jd   Si  M   S6    so' 40   41  JU  46  4^ 

Cc-  concentrated  ifCl  [sp'pr  f-ij 

As  is  weU  known,  considerable  care  must  be  exerdsed  when  high  concen- 
trations of  add  and  iodide  are  involved  to  prevent  the  air  from  causing 
high  results.  The  oxygen  of  the  air,  dther  directly  or  through  the  inter- 
mediate formation  of  ozone,  liberates  iodine  quite  readily  from  such 
solutions.  If  the  temperature  is  increased  the  rate  is  much  accderated. 
Moreover  iodine  cannot  be  accuratdy  titrated  with  thiosulfate  in  strong 
add  solutions,  inasmuch  as  the  latter  decomposes  the  thiosulfate  during 
titration.  Hence  the  air  in  the  flask  must  be  replaced  by  an  inert  atmos- 
phere, such  as  carbon  dios^ide,  before  starting  the  experiment.  Likewise, 
the  large  excess  of  add  must  be  removed  by  neutralization  or  dilution 
before  titration. 

Various  so-called  **Indudng  Agents'**'"*'  were  tried  to  increase  the  rate 
of  reaction  of  chlorate  and  iodide  at  a  low  add  concentration,  but  they 
were  not  found  to  be  as  serviceable  as  was  antidpated.  Arsenious  add, 
cuprous  chloride,  manganous  chloride,  cerous  chloride  and  thaUous  chlo- 
ride produced  practically  no  effect.     Vanadyl  salts  and  ferrous  salts  ac- 
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celerated  the  reaction,  but  not  to  a  sufficient  extent  to  warrant  their  use 
for  this  purpose.  The  appUcation  of  vanadium  would  introduce  a  colored 
solution  which  would  also  be  a  disadvantage.  While  the  vanadium  and 
iron  salts  increased  the  rate,  it  was  difficult  to  make  the  last  tiace  of  chlorate 
react  by  the  use  of  low  add  concentration  with  these  "inducers"  present. 
A  method  of  treating  the  chlorate  to  form  an  equivalent  amount  of 
iodate  and  then  titrating  the  iodate  gives  excellent  results.  This  conver- 
sion is  accomplished  by  liberating  iodine  by  the  reaction  of  the  chlorate 
with  iodide  in  strong  add  solution  and  then  dissolving  the  iodine  by  addi- 
tion of  alkali.  After  cooling  the  solution,  it  is  made  faintly  add  with 
hydrochloric  add  which  causes  reaction  between  iodate  and  iodide,  and 
the  iodine  is  then  titrated  with  thiosulf ate. 


Bsperimi 
No. 


I. 

3. 

3- 
4- 
5- 
6. 

7. 
8. 

9. 
lo. 
II. 

12. 

ts- 

14- 
15. 
16. 

17. 
18. 

19. 
20. 
21. 
22. 
23. 
a4- 
25. 


tfTSRim 

If  ATION  0#  CmOSiAtn  IN 

PftSSENC^  OF  P«&CHLORAT«. 

Ha 

nor- 
nudlty. 

KI 
nor- 
mality. 

Total 

volume. 

cc. 

Time. 
MIn. 

KOOi 

preaent. 

G. 

KOOi 

pr«eat. 

found. 
0. 

2.7 

O.IO 

100 

3 

0.0408 

0.0008 

a. 7 

O.IO 

100 

6 

0.0408 

0.0015 

2.7 

O.IO 

100 

15 

0.0408 

0.0032 

41 

O.IO 

100 

3 

0.0408 

0.0039 

4*1 

O.IO 

100 

6 

0.0408 

0.0076 

5.4 

O.IO 

100 

3 

0.0408 

0.0340 

5.4 

O.IO 

100 

6 

0.0408 

0.0373 

5.4 

O.IO 

100 

15 

0.0408 

0.0404 

5.4 

0.20 

100 

3 

0.0408 

0.0347 

5.4 

0.20 

100 

6 

0.0408 

0.0378 

5-4 

0.20 

100 

15 

0.0408 

0.0408 

6.7 

0.20 

100 

3 

0.0408 

0.0402 

6.7 

0.20 

100 

6 

0.0408 

0.0405 

6.7 

0.20 

100 

15 

0.0408 

0.0408 

6.7 

0.20 

100 

5 

0.0612 

0.0609 

6.7 

0.20 

100 

15 

0.0612 

O.0611 

5.6 

0.16 

120 

5 

0.IO2I 

0.0980 

5.6 

0.16 

120 

10 

0.I02I 

O.IOII 

5.6 

0.16 

120 

12 

0.I02I 

0.1022 

5.6 

o.i6 

120 

15 

0.I02I 

0.I02I 

5.6 

0.16 

120 

21 

0.I02I 

0.I02I 

6.0 

0.20 

100 

15 

O.IOOO 

0.I02I 

0.1023 

6.0 

o.ao 

100 

15 

0.2000 

0.I02I 

0.1022 

6.0 

0.20 

100 

15 

0.5000 

0.102 1 

0.1024 

6.0 

0.20 

100 

15 

0.5 

000 

O.OOOI 

Table  V  contains  a  series  of  titration  results  with  and  without  per- 
chlorate  present.  In  these  experiments  a  500  oc.  glass-stoppered  flask 
or  bottle  was  used.  Carbon  dioxide  was  passed  into  the  bottle  or  flask 
to  remove  the  air,  then  the  solutions  were  introduced  in  the  amounts 
enumerated  in  the  table.  The  flask  or  bottle  was  kept  stoppered  during 
the  decomposition  period.     After  lapse  of  the  time  specified  the  stopper, 
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was  removed,  a  watch  glass  or  inverted  aystallizing  dish  substituted 
and  a  slight  excess  of  sodium  hydroxide  was  added  all  at  once  and  the 
solution  shaken  immediately,  meantime  cooling  it  in  running  water. 
loo  cc.  of  water  were  then  added  to  wash  down  the  sides  of  the  vessel 
and  to  dilute  the  solution.  The  amount  of  sodium  hydroxide  was  regu- 
lated by  using  a  solution  of  such  strength  that  each  cubic  centimeter 
neutraUzed  one  cubic  centimeter  of  acid  originally  added.  The  use  of  a  cal- 
culated amount  makes  it  possible  to  add  a  slight  excess  of  alkali  at  once,  with- 
out danger  of  adding  an  insufficient  amount,  in  which  latter  case  iodine 
would  be  volatilized  by  the  heat  of  reaction  between  the  strong  add  and 
alkaU.  The  solution  was  cooled  to  room  temperature,  then  hydrochloric  acid 
(6  N)  was  added  slowly  with  agitation  of  the  solution  until  free  iodine 
was  liberated  in  quantity,  followed  by  about  3  cc.  more.  The  iodine  was 
then  titrated  with  thiosulf ate. 

The  results  given  in  Table  V  show  that  chlorate  can  be  titrated  iodi- 
metrically  without  distillation.  By  the  use  of  a  pressure  bottle  and  heat- 
ing the  solution  the  time  of  reaction  and  also  the  concentration  of  res^;ents 
could  undoubtedly  be  reduced,  but  such  a  procedure  would  greatly  in- 
crease the  tendency  for  any  sUght  amount  of  oxygen  present  in  the  bottle 
to  react  with  the  hydriodic  acid,  inasmuch  as  hot  hydriodic  acid  readily 
reacts  with  the  oxygen  of  the  air.  Experiments  9-21  show  that  6  N 
hydrochloric  acid  and  0.2  N  potassium  iodide  in  a  volume  of  100  cc.  will 
cause  complete  transposition  of  o.i  g.  of  chlorate  within  a  period  of  fifteen 
minutes  at  room  temperature  (21**).  Experiments  6-1 1  indicate  only 
a  sUght  advantage  of  0.2  N  over  0.1  N  iodide.  Experiments  21-25  show 
that  chlorate  can  be  accurately  titrated  in  the  presence  of  perchlorate 
under  the  conditions  outlined. 

Periodate,  iodate  and  bromate  are  also  transposed  by  iodide  in  strong 
add  solutions,  hence  they  would  be  titrated  with  chlorate  in  such  solu- 
tions. In  such  cases  the  periodate,  iodate  and  bromate  should  be  titrated 
separatdy  and  the  amount  of  chlorate  ascertained  by  difference. 

Analysis  of  Mixtures  containing  Periodatei  lodatei  Bromate,  Chlorate 

and  Perchlorate. 

Separate  o.i  g.  samples  are  taken  for  each  titration,  for  all  except  the 
periodate,  in  which  case  0.2-0.3  g*  samples  are  used,  or  a  2  g.  sample  is 
dissolved  and  diluted  to  a  liter  and  50-cc.  portions  (100  cc.  in  case  of 
periodate)  of  the  larger  sample  are  used  for  the  individual  titrations. 

Periodate. — ^The  0.2  g.  sample  in  100  c&.  volume  is  treated  in  a  suitable 
Erlenmeyer  flask  with  2  g.  of  borax,  an  excess  of  solid  boric  add  and  20 
cc.  of  normal  potassium  iodide  added,  and  the  solution  allowed  to  stand 
three  minutes.  The  iodine  is  then  titrated  with  standard  sodium  thio- 
sulf ate  (about  0,1  N).    Or,  to  the  sample  may  be  added  sodium  bicarbonate 
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in  excess,  followed  by  lo  cc.  of  normal  potassium  iodide  and  titration  of 
the  iodine  with  standard  arsenite  solution. 

Periodate  and  lodate. — ^A  o.i  g.  sample  in  70  cc.  of  solution  is  chilled 
in  ice  water  to  about  3®  or  4**  and  to  the  chilled  solution  is  added  10  cc. 
of  normal  potassium  iodide  and  20  cc.  of  one-fourth  normal  acetic  acid, 
also  chilled  in  ice  water.  After  standing  a  minute  or  two  the  thiosulfate 
titration  is  started  and  completed  within  a  definite  time  from  the  moment 
of  addition  of  add  and  iodide  (let  us  say  three  minutes,  not  less) .  The  solu- 
tion is  then  allowed  to  stand  an  equal  time  longer  and  any  iodine  which 
appears  again  titrated  with  thiostdfate.  This  second  reading  is  subtracted 
from  the  first  to  give  the  corrected  volume  of  thiosulfate  equivalent  to 
periodate  and  iodate. 

Periodatei  Iodate  and  Bromate. — ^To  a  o.i  g.  sample  in  a  volume  of 
about  90  cc.  is  added  10  cc.  of  normal  potassium  iodide  and  5  cc.  of  six 
normal  hydrochloric  acid  and  the  free  iodine  titrated  with  thiosulfate. 

Periodate,  Iodate,  Bromate  and  Chlorate. — ^A  0.1  g.  sample  is  dissolved 
in  50  cc.  of  water  contained  in  a  500  cc.  glass-stoppered  bottle  or  flask 
and  carbon  dioxide  passed  into  the  vessel  to  effect  as  complete  elimination 
of  air  as  possible.  10-20  cc.  of  normal  potassium  iodide  and  50  cc.  of 
hydrochloric  acid  (sp.  gr.  1.2)  are  added  and  the  solution  is  allowed  to 
stand  20  minutes.  The  stopper  is  then  replaced  by  a  watch  glass  or  in- 
verted small  oystallizing  dish,  and  while  the  solution  is  being  cooled  in 
running  water,  50  cc.  of  sodiinn  hydroxide  solution  (550  g.  of  95%  NaOH 
per  liter  of  solution)  are  added  all  at  once  and  the  solution  is  twirled  im- 
mediately.* After  cooling  the  solution  to  room  temperature  100  cc.  of 
water  are  added  to  wash  down  the  sides  of  the  bottle  or  flask  and  for  di- 
lution. Six  normal  hydrochloric  add  is  then  added  slowly  until  iodine 
is  liberated  in  quantity,  followed  by  3-5  cc.  more  of  the  acid.  The  free 
iodine  is  then  titrated  with  the  thiosulfate. 

Perchlorate  does  not  react  readily  with  potassium  iodide  in  add  solu- 
tions at  ordinary  temperatures  and  consequently  cannot  be  determined 
in  this  manner. 

The  amotmt  of  thiosulfate  required  for  each  compound  present  is  found 
by  subtraction  from  each  collective  titration,  the  amount  of  thiosulfate, 
computed  on  the  basis  of  equivalent  samples,  required  for  the  next  pre- 
ceding groups  titrated. 

In  the  analysis  of  the  mixtures  given  in  Table  VI  the  periodate,  iodate, 
bromate,  chlorate  and  perchlorate  were  weighed  out  acctu-ately,  trans- 
ferred to  a  250  cc.  volumetric  flask,  dissolved  in  water  and  diluted  to  the 
mark.  *  The  potassium  periodate  contained  iodate,  hence  the  iodate  con- 
*  The  solution  .at  this  point  should  be  colorless,  all  the  iodine  being  converted  to 
iodate.  If  not  colorless  the  heat  of  reaction  will  volatilize  some  iodine  and  cause  low 
results,  showing  the  addition  of  an  insufficient  amount  of  hydroxide. 
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tent  of  the  periodate  (as  ascertained  by  previous  anal3rsis)  weighed  for 
each  mixture,  was  added  to  the  weight  of  iodate  to  get  the  actual  iodate 
involved.  Likewise  the  weight  of  periodate  given  is  based  upon  the  anal- 
ysis. Aliquot  portions  were  titrated  by  the  method  given  previously  and 
the  weight  of  each  compound  of  the  mixture  was  computed.  The  per- 
chlorate  was  calculated  by  difference. 

Table  VI. — Analysis  of  Halogsnats  MncTURBs. 

KIOi  KKk  KBrOf  KCKh  KClOi 


Xireaent.    found,  pnaent.  found,   present,   found,  preeeat.  found,    present,  found. 
G.  G.  G.  G.  G.  O.  G.         G.  G.  G. 

Mixture  I  0.22680.2268  0.21 12  0.21 10  0.05570.0562  0.04090.0410  0.10000.0998 

Mixture  II  0.11340.1136  0.57320.3728  0.05570.0561  0.04090.0406  o.ioooo.iooi 

Mixture  III  0.05670.0565  0.09740.0974  0.22280.2231  0.04090.0405  aioooo.E003 

Mixture  IV  0.05670.0566  0.09740.0972  0.05570.0557  0.16360.1632  0.10000.1007 

Mixture  V  0.05670.568  0.01610.0x62  0.22300.2230  0.00410.0040  0.10000.0997 

Mixture  VI  0.00570.0057  0.35760.3574  0.00560.0058  0.1636 0.1634  o.iooo 0.1002 

The  results  are  thus  seen  to  be  good.  The  greatest  error  falls  on  the 
perdilorate,  which  has  been  determined  entirely  by  difference.  The  per- 
chlorate  is  introduced  here  mostly  to  show  its  negative  effect  on  the  other 
determinations,  inasmuch  as  a  method  which  relies  entirely  on  calculation 
by. difference  is  encumbered  by  many  discrepancies  and  in  general  is 
not  to  be  recommended.  In  a  sense  each  titration,  except  the  first  one, 
involves  a  calculation  by  difference.  However,  the  titration  of  the  in- 
gredient desired  is  a  direct  cumulative  titration  of  the  particular  com- 
pound and  on  the  basis  of  this  increase  its  percentage  or  weight  is  com- 
puted.* The  result  calculated  from  each  titration  is  dependent  only  on 
that  and  the  one  next  preceding.  Periodates  have  a  tendency  to  decompose 
with  more  or  kss  ease,  hence  should  be  analyzed  as  soon  as  possible  after 
weighing. 

Summary. 

I.  Certain  oxidizing  agents  can  be  determined  in  the  presence  of  each 
other  iodimetrically  in  a  differential  manner  by  regulation  of  the  con- 
centration of  reagents,  especially  the  acidity,  the  temperature  and  the 
time  of  reaction. 

2.'  Periodate  reacts  completely  with  iodide  in  saturated  boric  add  solu- 
tion, containing  sufficient  borax  to  diminish  the  acidity  to  a  slight  extent, 
forming  iodate  and  free  iodine. 

3.  Iodate  is  acted  on  by  o.i  N  iodide  in  0.25  N  acetic  acid  solution 
and  the  free  iodine  can  be  titrated. 

4.  In  0.2  AT  hydrochloric  add  solution  containing  o.i  AT  iodide,  bromate 
is  completdy  decomposed,  and  the  free  iodine  can  be  titrated. 

S'  6  N  hydrochloric  add  acting  in  presence  of  0.1-0.2  N  iodide  de- 
composes chlorate  completdy.  After  rendering  the  solution  alkaline, 
and  then  acidifying  the  iodine  can  be  titrated  with  thiosulfate. 
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6.  By  (XMnbination  of  2,  3,  4  and  5,  periodate,  iodate,  bromate  and 
chlorate  can  be  detenniaed  differentiaUy  in  the  presence  of  each  other 
and  in  the  presence  of  perchlorate. 
The  differential-deportment  of  other  oridiring  ^;ents  will  also  be  studied. 
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The  titration  of  chromates  with  ferrous  stdfate,  using  as  an  end  point 
the  change  in  potential  of  a  platinum  electrode  immersed  in  the  solution 
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has  been  recently  used  by  Hildebrand^  and  Forbes  and  Bartlett.*  While 
working  on  the  application  of  this  method  to  the  determination  of  chro- 
mium in  steel,  it  was  fotmd  that  vanadium  in  the  pentavalent  condition 
may  be  titrated  in  a  very  similar  manner.  If  both  chromates  and  vana- 
dates are  present,  the  titration  includes  both  elements.  We,  therefore, 
determined  to  test  this  as  a  possible  new  method  for  the  determination 
of  vanadium. 

Volumetric  methods  for  the  determination  of  vanadium  usually  in- 
volve the  titration  of  vanadyl  salt  with  potassium  permanganate.  To 
a  less  extent  the  determination  is  made  with  ferrous  sulfate,  using  po- 
tassium f erricyanide  as  either  inside  or  outside  indicator,  more  often  the 
latter. 

In  the  first  class  of  methods,  reduction  is  accomplished  by  hydrochloric 
acid,  sulfur  dioxide,  hydrogen  peroxide,  oxalic  add,  and  other  reducing 
agents.  The  chief  objections  which  have  been  made  to  these  methods  are 
(i)  that  the  state  of  oxidation  of  the  vanadium  after  reduction  is  uncer- 
tain' and  (2)  that  the  residual  solution  after  reduction  may  not  be  entirely 
free  from  <iie  reducing  agent.  The  second  dass  of  methods  is  criticized 
by  Cain*  as  being  faulty  in  that  vanadyl  salts  reduce  ferricyanide  whidi 
then  reacts  with  ferric  salts,  with  the  result  that  the  values  obtained 
are  too  low.  Clark^  replies  to  this  that  well-washed  ferricyanide  crystals 
in  fresh  solution  are  not  acted  upon  by  vanadyl  salts,  and  that  the  result 
is  correct.  Bleecker*  states  that  vanadyl  salts  added  to  ferric  salts  im- 
mediately reduce  a  part  to  the  ferrous  condition.  One  of  us  (KeDey) 
in  trying  Clark's  method,  which  involves  reduction  with  ferrous  sulfate 
and  back  titration  with  potassium  dichromate,  using  potassitun  ferri- 
cyanide as  an  outside  indicator,  found  it  to  give  variable  and  high  results. 
This  seems  to  be  contrary  to  the  experience  of  Cain  and  Bleecker  as  well 
as  Clark.  The  tendency  of  Clark's  method  to  give  high  results  has  been 
shown  again  in  this  investigation,  for  the  addition  of  appredable  amounts 
of  ferrous  sulfate  solution  was  found  necessary  to  obtain  the  end  point  of 
Clark's  method  after  our  own  end  point  had  been  reached.  We  take 
occasion  to  mention  these  points  concerning  the  reduction  of  vanadates 
with  ferrous  sulfate  because  our  method  depends  upon  this,  although  it 
differs  from  other  methods  in  the  manner  of  obtaining  the  end  point.  In 
the  experimental  portion  of  the  paper,  we  show  results  obtained  by  several 
methods  and  compare  them  with  our  own. 

^  This  Journal,  35,  869  (19 13). 

« Ibid.,  35,  1527  (1913). 

»  Auchy,  /.  Ind.  Eng.  Chem,,  i,  435  (1909). 

</W4.,  3,  477  (191 1). 

*  Met,  Chem.  Eng.,  11,  195-7. 

*  Ibid.,  9,  209  (1911). 
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Apparatus. 

Since  the  aim  of  the  investigation  was  the  analytical  determination  of 
vanadimn  no  attempt  was  made  to  measm-e  the  actual  potentials  involved. 
It  was  required  only  that  the  apparatus  be  of  such  a  nature  that  we  could 
readily  detect  the  sudden  changes  of  potential  which  corresponded  to  the 
disappearance  of  the  higher  state  of  oxidation  of  the  element  in  question. 
This  enabled  us  to  replace  the  reflecting  galvanometer  which  Forbes  and 
Bartktt  used  with  an  ordinary  suspension  galvanometer,  and  the  slide- 
wire  bridge  with  a  resistance  box  containing  two  sliding  contacts.  The 
latter  change  was  possible  because  we  made  no  readings  of  the  resistances 
involved,  the  changes  ci  position  of  the  galvanometer  needle  alone  being 
noted.  The  resistance  box,  which  consisted  of  two  coils  and  sliding  con- 
tacts with  resistances  of  195  and  5  ohms,  was  wired  so  that  one  resistance 
served  to  vary  the  e.  m.  f .  of  the  dry  cells  used  as  the  source  of  current 
and  the  other  served  as  the  potentiometer  box. 

In  the  diagram  of  our  apparatus,  A  represents  a  calomel  electrode  con* 
veniently  made  from  a  small  wide-mouth  bottle  filled  with  a  solution  of 
£NOs.  The  dotted  area  in  A  indicates  the  portion  of  bottle  occupied  by 
the  mercury.  It  is  pro- 
vided with  a  plunger, 
slight  pressure  on  which 
causes  the  ejection  of  a 
portion  of  the  liquid 
through  a  capillary  tube. 
B  represents  the  beaker 
in  which  the  titration  is 
made  and  containing  the 
platinum  electrode  £ 
and  the  stirrer  S.  The 
galvanometer  is  shown 
at  G  and  the  resistance 
box  at  R,  vrith  its  two 
sliding  contacts  L  and 
V.  The  batteries,  ordinary  dry  cellg,  are  shown  at  V,  and  K  is  a  double 
Imif e  switch  which  throws  in  both  the  galvanometer  and  main  circuits  at 
one  operation. 

The  Titration  of  a  Solution. 

The  solution  containing  the  unknown  amount  of  vanadium  as  vanadate 
is  phced  in  the  beaker  and  25  cc.  of  H2SO4  (sp.  gr.  1.4)  are  added  with 
water  enough  to  bring  the  volume  up  to  200  cc.  The  connections  are 
then  made  and  resistances  so  adjusted  that  the  needle  comes  to  rest  on  the 
scale.  Standard  ferrous  sulfate  solution  is  then  run  in  from  the  buret. 
At  the  first  addition  of  ferrous  sulfate  the  needle  begins  to  move  off  of  the 
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scale,  showing  a  drop  in  potentiaL  The  sliders  on  the  resistance  box 
are  then  changed  in  such  a  manner  as  te  keep  the  needle  on  the  scale  dur- 
ing the  addition  of  further  quantities  of  the  reducing  agent  This  move- 
ment of  the  needle  is  slow  and  continues  until  cme-half  to  three-fourths 
of  the  equivalent  quantity  of  ferrous  sulfate  solution  has  been  added. 
During  the  addition  of  the  last  quarter  the  needle  remains  practically  at 
rest  until  the  end  point  is  reached,  when  the  addition  of  a  few  tenths  of 
a  cubic  centimeter  in  excess  causes  a  sudden  movement.  To  obtain  ex- 
act adjustment,  dilute  standard  dichromate  solution  is  added  in  small 
amount  until  the  needle  is  returned  to  the  position  which  it  occupied  be- 
fore ferrous  sulfate  was  added  in  excess.  The  addition  of  two  or  three 
drops  of  the  ferrous  sulfate  solution  is  now  usually  enough  to  cause  a 
sudden  movement  over  several  divisions.  This  is  followed  by  the  addition 
of  exactly  the  quantity  of  dichromate  necessary  to  return  the  needle  to 
the  original  stationary  position.  The  end  point  in  the  reaction  is  thus 
indicated  by  a  sharp  throw  of  the  needle  which  is  easily  distinguished  from 
the  slow  movement  which  occurs  when  the  first  portions  of  ferrous  sulfate 
are  added.  The  final  adjustment  to  get  the  exact  end  point  will  rarely 
require  the  addition  of  more  than  0.5  cc.  of  standard  didu-omate  solution, 
for,  even  if  the  addition  of  ferrous  sulfate  has  been  rapid,  the  end  point 
will  not  usually  be  passed  by  more  than  this  amount.  However,  this 
titration  is  much  more  sensitive  to  conditions  than  is  the  titiatioa  of 
chromates.  Accordingly,  we  give  below  a  few  of  our  experiments  which 
show  favorable  and  unfavorable  conditions  for  the  titration. 

Conditions  for  Titratuig  Vanadates. 
The  object  of  these  experiments  was  to  find  the  conditions  which  gave 
the  maximum  throw  of  the  needle  for  a  given  excess  of  ferrous  sulfate, 
that  is,  the  sharpest  end  point.  To  this  end  varying  amounts  of  pure 
ammonium  vanadate  solution  were  titrated  with  ferrous  sulfate  and  po- 
tassium dichromate  as  described  above  under  conditions  differing  as  to 
temperature,  and  concentration  of  foreign  salts  and  acid.  Solutions 
having  a  volume  of  250  cc.  of  the  composition  given  in  Table  I  were  ti- 
trated to  within  a  few  drops  of  the  end  point.  The  resistance  was  then 
adjusted  until  the  needle  came  to  rest  at  zero  on  the  galvanometer.  Record 
was  then  made  of  the  deflection  following  the  addition  of  each  drop  of 
ferrous  sulfate.  In  this  way  a  rough  but  serviceable  idea  could  be  ob- 
tained of  the  sharpness  of  the  end  point  tmder  the  given  conditions.  After 
the  addition  of  these  several  drops  of  ferrous  sulfate,  enough  dichromate 
was  added  to  bring  the  needle  back  to  the  position  which  it  occupied  be- 
fore the  first  deflection  caused  by  the  addition  of  ferrous  sulfate.  From 
the  buret  readings  the  vanadium  content  was  calculated  for  comparison 
with  the  known  weight  in  the  solutions  taken. 
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Tablb  I.— EF98CT  or  Conditions  tjvon  End  PoiNt. 

Change  in  reading  of  gml- 
HsSOi.  vanometer  with  snooetsiTC 

So.  cr.  ilropt  of  ferram  Milf ate.  Vanadittm 

Temp.   1.40.  ^ *  ^  * 

•C        oc  Addltiona.  1.       2.  3.        4.       5.         6.        7.        preaent.    fonad. 


10   30    0.0  0.2  i.o  i.o  1.5  1.7  1.7  0.IZ78  0.1179 

25    30     0.0  0,3  0.5  0.5  I.O  1.5  2.0  0.1178  0.1174 

40     30      I.O  I.O  0.5  0.5  0.7   I.o  1.2   O.II78  O.II78 

22      5      0.0  0.2  0.3  0.3  0.2  0.2  0.8   O.II78  O.II76 

25      100  0.0    I.O   2.5    2.5    2.5    0.1178  0.1180 

20     30      0.0  1.5  3.5  3.5   0.02360.0232 

20     30      0.0  0.6  2.3  3.5   0.04710.0470 

22  30  2  OC.  oonc.  HCl  0.0   0.6    2.5    3.0    0.0471     ^ 

20  30  0.004  g.  Cr  00  i-o  3-5  3-5     0.02360.0230 

20  30  0.02  g.  Cr  0.0  0.3  i.s  2.5  3.0   3.5     ...  0.04710.0470 

23  30  I  g.  Fc  0.0  0.5  1.0  2.0  3.0   3.0    ...  .0.0471  0.0473 
23  30  2  g.  Pe  0.0  0.5  1.0  2.0    2.5    0.0471 

In  Expt.  4  the  end  point  was  taken  at  the  fourth  drop.    The  chromium  and  tron 
were  added  as  the  corresponding  alums. 

As  is  readily  seen,  the  deflection  of  the  galvanometer  needle  caused  by 
the  addition  of  a  given  excess  of  ferrous  sulfate  (and  thus  the  sharpness 
of  the  end  point  varies  greatly  with  conditions).  From  the  experiments 
given  above,  together  with  others  not  recorded  here,  we  feel  that  this  ti- 
tration is  favorably  influenced  by  the  following  conditions: 

1.  Low  temperature,  preferably  10**  C.  (first  three  experiments). 

2.  High  add  concentration  (fourth  and  fifth  experiments). 

3.  Small  rather  than  large  amounts  of  vanadium  (second,  sixth  and 
seventh  experiments). 

4.  Low  concentration  of  chromic  and  ferric  salts. 

Prom  the  excellent  agreement  among  the  results,  it  will  appear  that 
successful  determinations  may  be  made  even  under  the  most  unfavorable 
of  these  conditions  if  the  galvanometer  be  closely  watched.  However 
it  is  obviously  much  easier  to  note  large  movements  of  the  needle  than 
small  ones;  and  to  facilitate  accurate  and  rapid  work  it  is  desirable  to  fulfil 
the  conditions  for  titration  as  outlined  above. 

The  potentials  of  vanadium  solutions  in  which  the  vanadium  was  in  the 
quadrivalent  and  pentavalent  states  have  been  studied  by  Rutter.*  He 
found  that  the  potential  of  a  platinum  electrode  in  a  solution  of  anmionium 
vanadate  was  1.121  volts,  taking  the  normal  hydrogen  element  as  zero. 
With  a  solution  in  which  91.9%  of  the  vanadium  was  in  the  quadrivalent 
state  he  found  the  voltage  to. be  0.936.  The  e.  m.  f.  of  a  solution  contain- 
ing no  pentavalent  vanadium  was  0.644  volt.  Beyond  showing  that  the 
addition  of  the  last  portion  of  the  reducing  agent  would  be  expected  to 
cause  a  large  change  in  the  e.  m.  f .  these  measurements  throw  no  light 

^  Not  determined. 

•  Z.  anarg,  Chem.,  52,  370  {1907). 
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on  the  present  problem.  We  have  already  pointed  out  that  the  change 
in  potential  is  apparently  gradual  until  half  to  three-fourths  of  the  vanad- 
ium has  been  reduced,  when  no  further  change  occur  until  the  excess 
of  ferrous  salt  has  been  added.  This  corresponds  to  a  flattening  of  the 
potential-concentration  curve  beginning  at  the  point  where  half  of  the 
ferrous  sulfate  has  been  added,  and  continuing  until  the  end  point  is  closely 
approached.  This,  and  the  effect  of  acid  concentration  and  temperature^ 
Rutter's  paper  does  not  explain. 

The  authors  hope  that  other  experimenters  in  whose  field  this  problem 
lies  will  be  interested  in  undertaking  an  electrochemical  study  of  vanadium 
which  lately  has  become  so  important  technically. 
A  Comparison  of  the  Electrometric  Method  with  Other  Methods  for 
Determining  Vanadium. 

Attempts  to  compare  the  electrometric  end  point  with  the  ferricyanide 
spot  plate  test  were  given  up,  since  it  was  found  that  at  least  0.5  cc.  of 
ferrous  sulfate  solution  must  be  added  above  that  necessary  for  the  elec- 
trometric end  point  before  a  faint  blue  color  was  perceptible  after  twenty 
to  thirty  seconds.  Moreover,  the  solution  gave  a  faint  blue  color  on  stand- 
ing one  or  more  minutes  with  ferricyanide,  even  in  the  absence  of  ferrous 
iron.  Thus  it  would  appear  that  titrations  employing  this  substance  as 
outside  indicator  would  give  high  results  if  only  a  short  time  were  allowed 
for  the  indicator  to  act,  and  low  values  if  the  time  allowed  were  longer. 
These  comments  apply,  of  course,  only  to  the  volumes  with  which  we 
worked,  200  to  300  cc.,  and  in  which  the  concentration  of  sulfuric  add  was 
between  10  and  25%  by  weight. 

For  the  ptupose  of  comparing  the  results  given  by  other  methods  for 
determining  vanadium  with  those  given  by  oiu*  own  method,  we  prepared 
an  indeterminate  solution  of  vanadium  by  dissolving  a  quantity  of  am- 
monitun  vanadate  in  water  with  the  aid  of  a  little  sodium  hydroxide. 
Analyses  of  this  solution  were  then  made  by  several  of  the  volumetric 
methods  most  in  use  and  by  ours. 

Method  I.  Reduction  with  Hydrochloric  Acid. — ^Fif  ty  cubic  centimeters 
of  concentrated  hydrochloric  add  were  added  to  a  meastu^d  volume  of 
the  solution  of  vanadate.  This  was  evaporated  to  a  small  volume,  the 
same  amount  of  hydrochloric  add  again  added  and  the  evaporation  re- 
peated. At  this  point  50  cc.  of  sulfuric  add  were  added  and  the  solution 
evaporated  tmtil  fuming  was  well  established.  (Care  at  this  point  is 
necessary  for  (i)  if  all  hydrochloric  add  is  not  removed  it  interferes  with 
the  subsequent  titration  of  the  hot  solution  with  permanganate,  and  (2) 
if  the  fuming  is  continued  too  long  there  is  danger^  of  reoxidizing  the 
vanadium  tetroxide  to  vanadium  pentoxide  by  the  action  of  the  sulftur 

^  Cain,  /.  Ind.  Eng.  Chem.,  3,  477  (191 0- 
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trioxide.)    The  solution  was  cooled  slightly,  diluted  to  400  cc.,  warmed 
to  80^  and  titrated  with  potassium  permanganate. 

Method  II.  Reduction  with  Sulfur  Dioxide. — ^This  method  was  appUed 
as  reconmiended  by  Cain.^  The  vanadate  solution  was  diluted  to  350  cc, 
30  cc.  of  H2SO4  (sp.  gr.  1 .40)  added,  the  solution  heated  to  boiling  and  sulfur 
dioxide,  washed  with  water,  passed  in  during  5  minutes.  Continuing  the 
boiling,  a  rapid  strecma  of  carbon  dioxide,,  washed  with  sodium  acid  car- 
bonate solution,  was  passed  in  during  ten  minutes.  At  the  end  of  this  time 
no  sulfur  dioxide  could  be  detected  in  the  steam.  Water  was  added  to 
make  the  volume  400  cc,  and  the  temperature  was  then  brought  to  70  to 
80^  for  the  titration  with  potassium  permanganate. 

Method  m.  Reduction  by  Hydrogen  Peroxide. — ^This  method  was 
applied  substantially  as  recommended  by  Cain  and  Hostetter.*  The 
solution  was  mixed  with  30  cc.  of  concentrated  sulfuric  add,  3  cc.  perhydrol 
added,  and  the  solution  evaporated  to  the  appearance  of  fumes.  As 
a  precautionary  measure,  a  second  portion  of  perhydrol  was  added  and  the 
evaporation  repeated.  (3%  hydrogen  dioxide  may  be  used  in  place  of 
perhydrol.)  The  solution  was  then  diluted  to  400  cc.  volume,  warmed  to 
80^  and  titrated  with  permanganate. 

Method  IV.  Reduction  with  Oxalic  Acid. — ^The  solution  was  treated 
with  30  cc.  of  concentrated  sulftuic  add,  0.20  g.  oxaUc  add  added  and  the 
solution  evaporated  to  the  appearance  of  fumes.  The  fuming  was  con- 
tinued 10  minutes,  after  which  the  solution  was  diluted  to  300  cc,  warmed 
to  80°,  and  titrated  with  permanganate. 

Method  V.  Blectiometric. — ^Titration  was  made  at  lo  to  20^  with 
30  cc.  H1SO4  (sp.  gr.  1.40)  in  a  vohmie  of  250  cc. 

The  ferrous  sutfate  and  potassitmi  dichromate  solution  were  approxi- 
mately 0.0625  ^' 

The  potassium  permanganate  was  approximately  0.1  N  and  was  stand- 
ardi2:ed  against  soditun  oxalate.  This  solution  was  used  to  standardize 
both  the  ferrous  sulfate  and  dichromate  solutions. 

Of  the  five  different  methods  for  determining  vanadium,  in  our  hands 
the  electrometric  method  has  given  the  most  consistent  results.  The 
mean  of  the  results  obtained  by  our  method  is  substantially  identical  with 
the  mean  of  results  obtained  by  reduction  with  sulfur  dioxide,  hydrogen 
dioxide  and  oxalic  add,  but  higher  than  that  obtained  by  reduction  with 
hydrochloric  add.  We  are  at  a  loss  to  explain  the  discordant  results 
obtained  with  hydrochloric  add  as  a  reducing  agent  in  the  analysis  of 
this  solution,  for  as  will  be  shown  later  it  is  capable  of  giving  consistent 
results  in  other  cases.  Our  experience  with  this  reagent  has  been  chiefly 
in  the  analysis  of  iron-vanadium  alloys,  in  which  use  it  has  always  given 
^  Idem.,  p.  479. 
»  Tms  Journal,  34,  274  (19"). 
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excellexit  results.    It  may  be  possible  that  the  iron  or  some  other  dement 

present  has  a  favorable  influence  upon  the  reduction  in  such  instances. 

Tablz  II. — Comparison  of  Methods. 


NH4V09 

solution, 
oc. 

MeUiod. 

Vftnadium  found. 

Oram. 

Oram  per  cc. 

Average. 

25 

I 

O.II40 

0.00456 

25 

O.I139 

0.00456 

25 

O.I 164 

0.00466 

25 

0.XI5S 

0.00463 

0.00460 

25 

II 

0.XI70 

O.OO46S 

as 

0.II77 

0.00471 

50 

0.3354 

0.00471 

50 

0.2348 

0.00470 

0.00470 

25 

III 

0.II72 

0.00470 

25 

0.II77 

0.00471 

50 

0.2360 

0.00472 

50 

0.2330 

0.00466 

0.00470 

25 

IV 

0.II77 

0.00471 

25 

0.XI82 

0.00473 

0.00472 

25 

V 

0.II77 

0.00471 

25 

O.II77 

0.00471 

25 

O.II79 

0.00472 

25 

O.II74 

0.00470 

25 

0.II80 

0.00472 

10 

0.0470 

0.00470      Av., 

0.00471 

Oxidation  of  Vanadium  to  Vanadate. 

In  order  that  the  dectrometric  titration  of  vanadium  may  be  appUed 
to  the  analysis  of  ores  and  metals,  it  is  necessary  to  have  some  convenient 
quantitative  method  for  insuring  oxidation  of  the  vanadium  to  vanadate. 
It  is  further  necessary  that  the  solution  as  prepared  shall  contain  no  sub- 
stance other  than  the  vanadate  which  may  be  reduced  by  ferrous  sulfate. 

Nitric  add  was  tried  as  an  oxidizing  agent  and  at  first  seemed  to  be  quite 
promising,  espedaUy  as  chromium  seems  not  to  be  oxidized  under  the 
most  vigorous  oxidizing  conditions,  whUe  vanadium  is  quite  rapidly  end- 
dized.  We  were  eventually  disappoiated,  however,  for  the  oxidation  was 
invariably  incomplete,  as  is  shown  in  the  following  experiment: 

A  vanadium  solution  was  prepared  by  dissolving  ferro-vanadium  in 
a  mixttu-e  of  dilute  sulfuric  and  nitric  acid.  This  was  evaporated  until 
fumes  appeared  and  diluted  with  water.  This  solution,  when  reduced 
with  dther  hydrochloric  add  or  hydrogen  dioxide,  was  found  to  be  of  audi 
strength  that  10  cc.  required  17.7  cc.  of  our  permanganate  solution  for 
its  oxidation.  In  our  experiments,  10  cc.  portions  of  the  solution  ^rere 
reduced  with  a  slight  excess  of  ferrous  sulfate  solution  and  45  cc.  of  sul- 
furic add  (sp.  gr.  1.4)  and  50  cc,  of  water  added.  Different  amounts  of 
nitric  add  were  then  added  and  the  solutions  boUed  for  varjring  lengths 
of  time.    The  solutions  were  then  cooled  slightly  and  titrated  with  per- 
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manganate,  the  amount  of  permanganate  required  being  a  measure  of  the 
failure  of  the  nitric  add  to  oxidize  the  vanadium. 

Tablh  III. — Oxidation  ov  Vanadium  by  Nmac  Acid. 


HNOi. 
cc 

Period  of  boiling. 
Min. 

KMnO«aa«L 
cc 

%  oxidatlMi 

0 

0 

17.7 

, , 

5 

5 

6.0 

66 

10 

5 

2.0 

89 

15 

5 

15 

91.5 

5 

IS 

5.0 

7« 

10 

15 

1.8 

90 

15 

15 

I.O 

94 

10 

20 

0.4 

97.7 

From  the  above  it  will  be  dear  that  nitric  add  could  not  be  depended 
upon  to  oxidize  the  vanaditun.  Nitric  add  also  was  found  to  produce 
a  harmful  effect  upon  the  electrometric  titration,  probably  by  reaction 
with  FeSOi.  This  was  less  noticeable  with  low  add  concentration  and 
low  temperatures.  The  trouble  manifested  itself  in  the  irregular  be- 
havior of  the  galvanometer,  in  that  the  addition  of  ferrous  sulfate  would 
cause  a  movement  of  the  needle  indicating  that  the  end  point  had  been 
reached,  but,  after  a  moment,  the  needle  would  retiun  to  its  original 
position.  This  would  occiu"  repeatedly,  requiring  the  addition  of  a  large 
excess  of  ferrous  sulfate.  The  influence  of  the  add  concentration  is  shown 
in  Table  IV. 

Tablb  IV. — ^Epfbct  of  Nitric  Acid  on  Titration. 
Temperature  20**.     Total  volume  100  cc. 
BaBOt  Bicetromctric  titrfttion  VMudiuin 


HNa.< 
ec. 

(Sp.cr. 

I.40T. 

cc. 

IftSOi.      KiCnOt.   Vol.9e60i.      pnacat. 
oc.cc.oc                  G. 

foand. 

0. 

Remarks. 

2.5 

ID 

35.30         0.20         35.10         0.1026 

0.1025 

good 

10 

10 

35.30         0.25         35  05         0.1026 

0.1022 

end  point 

10 

45 

No  end  point  could  be  found 

ID 

45 

We  thought  to  complete  the  oxidation  with  nitric  add  by  evaporating 
to  the  aiq>earance  of  fumes,  whidi  would  also  avoid  the  (Ufficuhy  of  ti- 
trating in  the  presence  of  mudi  nitric  add.  To  test  this,  we  oxidized 
10  cc.  of  our  vanadium  solution  with  permanganate  to  a  faint  pink,  added 
40  cc.  of  sulfuric  add  (sp.  gr.  1.40)  and  evaporated  to  the  ftuning  point. 
When  cooled  and  titrated  dectrometrically  the  vanadium  found  was 
0.0955  S*  instead  of  0.1026  g.,  showing  that  the  vanadate  had  been  re- 
duced by  the  treatment.  Another  similar  portion  treated  with  40  cc.  of 
sulfuric  add  and  60  cc.  of  water  was  made  bardy  pink  with  permanganate. 
After  boiUng  15  minutes,  the  solution  turned  pink  on  the  addition  of  the 
first  drop  of  permanganate,  showing  that  simply  boiling  with  dilute 
sulfuric  add  had  no  reducing  efiFect  on  the  vanadium.  It  is  possible  that 
*  The  nitric  add  used  here  is  in  excess  of  that  necessary  for  ozidatjon. 
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dust  in  the  sulfuric  acid  caused  the  liberation  of  sulfur  dioxide  whidi  in 
turn  caused  the  reduction  of  the  vanadate.    For  these  reasons  all  at- 
tempts to  oxidize  vanadium  with  nitric  acid  were  abandoned. 
Oxidation  with  Permanganate. 

Vanadium  may  be  completely  oxidized  to  the  pentavalent  conditicm 
in  hot  solution  by  potassium  permanganate,  as  is  well  known.  The 
method  chosen  to  accompHsh  this  in  the  absence  of  chromium  was  to 
treat  the  solution  at  80**  with  dilute  potassium  permanganate  solution 
until  a  slight  permanent  pink  color  resulted.  The  solution  was  then 
treated  with  a  few  drops  of  hydrochloric  add  (i  to  3),  and  boiled  for  five 
minutes.  All  of  the  potassium  permanganate  was  thus  decomposed  and 
the  chlorine  removed,  the  vanadate  remaining  unchanged.  As  an  alterna- 
tive to  this  method,  the  permanganate  may  be  added  carefully  to  the  hot 
solution  until  the  first  change  of  color  appears.  This  point  may  be  found 
very  accurately  and  in  fact  most  of  the  volumetric  methods  for  determining 
vanadium  depend  upon  it.  The  solution,  after  cooling  to  20°  or  lower,  is 
ready  to  titrate  electrometrically.  The  last  process  is  available  for  use 
when  small  amounts  of  chromium  are  present. 

Oxidation  with  Ammonium  Persulfate. 

This  method  involves  oxidation  with  ammonium  persulfate  in  the  pres- 
ence of  silver  nitrate.  To  carry  out  the  process,  the  solution  containing 
the  vanadium  is  treated  with  nitric  add  to  oxidize  the  iron.  Enough 
sulfuric  add  is  added  to  make  the  total  present  equal  to  25  to  40  cc.  of 
add  of  sp.  gr.  1.40.  The  solution  is  then  diluted  to  a  volume  of  300  cc. 
with  hot  water  and  10  cc.  of  solution  oi  silver  nitrate  (2.6  g.  to  i  liter) 
^^<i  5  g-  of  ammonium  persulfate  added.  After  boiling  the  solution  for 
ten  minutes  it  is  treated  with  5  cc.  of  dilute  hydrochloric  add  (one  to 
three).  Five  minutes'  boiling  decomposes  the  permanganic  add  whidi 
will  form  if  manganese  is  present.  The  solution  was  then  cooled  and 
titrated  electrometrically. 

The  Detttrmination  of  Vanadium  in  the  Presence  of  Chromium. 

Of  the  methods  given  below  for  the  oxidation  and  determination  of 
vanadium  only  one  is  available  in  the  presence  of  chromium.  This  f  (^ows 
from  the  fact  that  reagents  which  oxidize  vanadium  completely  tend  to 
oxidize  chromium,  at  least  in  part.  We  were,  therefore,  unable  to  ac- 
complish the  oxidation  by  ammonium  persulfate  or  permanganate  in 
excess  even  though  the  solution  were  subsequently  boiled  with  hydro- 
chloric acid.  The  method  which  we  were  able  to  use  involves  oxidation 
of  the  hot  solution  with  permanganate  to  the  first  change  of  color,  taking 
care  not  to  add  an  excess.  An  account  of  otu-  experimental  work  in  the 
application  of  the  this  method  will  be  given  in  a  paper  which  we  expect 
shortly  to  publish  on  the  anal3rsis  of  chrome-vanadium  steels. 
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Table  V.— Analysis  of  Solutions  op  Pekro- Vanadium^  (Methods  I-IV). 


Solution  A. 

Vanadmm. 


Sdution  B. 

Vanadium. 


Cc. 
soln. 

25 
25 
10 
10 
10 
10 
25 
25 
10 
10 
10 
10 
10 


Pound. 
G. 


Wt.  per 
cc     G. 


Ill 


v« 


v» 


0.2575  0.01039 
0.2572  0.01029 
0.1030  0.01030 
0.1020  0.01020 
0.1029  0.01029 
0.1023  0.01023 
0.2590  0.01036 
0.3596  0.01038 
0.1038  0.01038 
0.1030  0.0x030 
0.1022  0.01022 
0.1025  0.01025 
0.1025  0.01025 


Av.  per 


0.01027 


Cc. 
soln. 

200  I 

200  I 
50  III 
50  V* 
50  V» 


0.01033 

200  I 

300  I 

50  III 

0.01027    50  V* 
50  v» 

0.01035 

Stunmary. 


Pound. 
G. 


Wt.  per 
cc.     G. 


0.3861  0.00193(0) 
0.3866  0.00193(3) 
0.0970  0.00194(0) 
0.0966  0.00x93(1) 
0.0963  0.00192(6) 

Solution  C. 
0.3652  0.00182(6) 
0.3640  0.00182(0) 
0.0907  0.00181(5) 
0.0915  0.00183(0) 
0.09x7  0.00183(5) 


At.  per 


0.00x93(2) 


0.00182(5) 


(i)  Vanadates  may  be  successfully  titrated  with  ferrous  sulfate,  using  a 
change  in  the  electromotive  force  of  a  suitable  cell  as  the  indicator. 

(2)  The  most  suitable  conditions  for  obtaining  a  quick  and  acciu-ate 
determination  by  this  method  have  been  defined. 

(3)  Several  interesting  theoretical  problems  which  arise  from  a  study 
of  the  change  of  potential  during  the  titration  are  indicated. 

(4)  A  comparison  has  been  made  of  fotu-  of  the  methods  in  widest  use 
for  the  determination  of  vanadium  and  the  results  are  found  to  be  in  dose 
agreement  with  those  fotmd  by  the  method  here  outlined. 

(5)  The  oxidation  of  vanadium  to  the  pentavalent  condition  with  nitric 
acid  has  been  found  tmsatisfactory  for  quantitative  purposes. 

(6)  The  oxidation  with  potassium  permanganate  or  ammonium  per- 
sulfate  has  been  found  entirely  satisfactory  for  this  method  in  the  absence 
of  chromitmi. 

(7)  The  method  has  been  applied  to  the  analysis  of  ferro-vanadium  and 
with  small  changes  in  the  preparation  of  solutions  could  be  applied  to  the 
analysis  of  ores. 

Rbssarch  Dspaktmsnt  09  Thb  Mid V alb  Stbxl  Company, 
PBiLAPK^raiA,  Fa. 

^  These  solutions  were  prepared  by  dissolvmg  ferro-vanadium  in  dilute  sulfuric 
acid,  using  about  10  cc.  of  sulfuric  add  of  sp.  gr.  i  .40  in  100  cc.  or  less  of  water  for  each 
gnun  of  the  alloy.  When  solution  was  complete,  nitric  acid  was  added  in  small  amounts 
to  oxidize  the  iron  and  break  up  carbides  of  vanadium.  300  cc.  of  Solutions  B  and  C 
correspond  to  i  gram  of  ferro-vanadium. 

*  Oxidized  with  KMn04  to  a  faint  pink  color. 

«  Oxidized  with  KMn04  and  boUed  with  a  little  dilute  HCl. 

4  This  solution  was  oxidized  with  ammonium  persuifate  in  the  presence  of  silver 
nitrate  as  described  on  p.  350. 
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THE  COLORIMETRIC  DETERMINATION  OF  ACETYLENE. 

By  E.  R.  Wbavsr.> 
Received  October  14.  1915. 
CoNTBNTS. — I.  Introduction.  2.  Development  of  Method.  3.  Procedure  for 
the  Determination  of  Acetylene:  (a)  Preparation  of  Absorbing  solution;  (b)  Absorption 
of  Acetylene;  (c)  Dilution  and  Comparison  with  Color  Standard.  4.  Preparation  and 
Standardization  of  a  Color  Standard.  5.  Applications  of  Proposed  Method:  (a)  De- 
termination of  Acetylene  in  Gas  Mixtures;  (b)  Determination  of  Water.    6.  Summary. 

I.  Introduction. 

In  the  course  of  experiments  on  the  qualitative  detection  of  small 
amotmts  of  water'  it  was  found  that  the  addition  of  alcohol  or  acetone 
containing  dissolved  acetylene  to  a  solution  of  curpous  chloride,  or  the 
absorption  of  acetylene  in  a  cuprous  chloride  solution  containing  alcohol 
or  acetone,  resulted  in  the  formation  of  a  dear  colloidal  solution  of  an  in- 
tense red  color.  The  formation  of  a  red  colloid  when  a  small  amount 
of  ciupous  chloride  is  added  to  a  solution  of  acetylene  in  water  was  ob- 
served by  Kiispert,'  but  no  attempt  to  use  the  reaction  for  analytical 
purposes  appears  to  have  been  made  by  him  or  others.  Since  the  reac- 
tion appeared  to  present  possibilities  as  a  direct  colorimetric  method  for 
the  determination  of  water,  an  effort  was  made  to  apply  it  for  this  ptu*- 
pose.  The  results  first  obtained  were  very  discordant  and  it  soon  be- 
came apparent  that  a  careful  examination  of  all  the  factors  which  could 
affect  the  results  would  be  necessary  before  any  satisfactory  procedure 
could  be  devised.  The  investigation  of  these  factors  has  resulted  in  the 
development  of  a  quick  and  very  sensitive  method  for  the  determina- 
tion of  acetylene.  The  application  of  this  method  to  the  determination 
of  water,  especially  the  determination  of  very  small  amounts  in  materials 
of  high  purity  which  was  the  primary  object  of  the  investigation,  has  been 
much  less  successful  r  some  of  the  difficulties  encountered  will  be  described 
in  the  latter  part  of  the  paper  (p.  359). 

The  formation  and  properties  of  a  colloidal  solution  are  influenced  by 
so  many  factors  that  more  than  five  hundred  experiments  were  required 
to  determine  the  effect  of  each  factor  and  to  devise  a  method  which  will 
give  uniform  results. 

Lack  of  space  prevents  the  publication,  here,  of  more  than  an  outline 
of  the  experimental  work;  but  a  more  complete  accotmt  will  soon  be  pub- 
lished as  a  Scientific  Paper  of  the  Bureau  of  Standards. 
2.  Development  of  Method. 

The  method  was  developed  by  the  preparation  of  colloidal  solutions 
from  known  amounts  of  acetylene,  seciued  by  measuring  from  any  ordi- 
nary buret  into  a  distilling  flask  a  standard  solution  of  acetylene  in  ether. 
1  Published  by  permission  of  the  Director  of  the  Bureau  of  Standards. 
•  This  Journal,  36,  2462-8  (1914). 
»  Z.  anorg.  Chem,,  34,  453-4  (1903). 
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The  use  of  such  a  solution  seemed  especially  desirable  since  it  eliminated 
the  variables  affecting  the  amount  of  acetylene  evolved  from  a  constant 
weight  of  water  when  reacting  with  calcium  carbide,  and  at  the  same 
time  permitted  an  exact  duplication  of  the  conditions  which  appeared  to 
be  most  favorable  for  the  quantitative  evolution  and  determination  of 
acetylene  from  small  amounts  of  water,  i.  e.,  solution  in  ether  with  sub*- 
sequent  distillation,  in  a  stream  of  hydrogen,  into  the  absorbing  solution. 
This  made  the  results  applicable  in  the  investigation  of  the  water 
method  itself. 

The  standard  solution  of  acetylene  in  ether  was  prepared  by  passing 
into  500  cc  of  ether,  for  several  minutes,  a  stream  of  acetylene  which  was 
generated  from  specially  prepared  calcium  carbide  and  washed  with  water. 
The  solution  was  then  diluted  with  ether  sufficiently  for  use.  The  car- 
bide used  was  prepared  for  this  ptupose  by  Dr.  C.  W.  Kanolt,  of  this  Bureau 
from  ptue  precipitated  calcium  carbonate  and  a  considerable  excess  of 
sugar  charcoal.  The  solution  of  acetylene  in  ether  was  standardized 
gravimetrically  by  precipitation  with  ammoniacal  cuprous  chloride  and 
subsequent  determination  of  copper  in  the  precipitate.  In  making 
this  determination,  it  was  fotmd  absolutely  necessary  to  exclude  air  fron 
the  apparatus  in  which  the  precipitate  is  produced  and  washed.  Other- 
wise part  of  the  copper  goes  into  solution.  This  precaution  is  ignored 
in  most,  if  not  all,  of  the  published  methods  for  making  this  determina- 
tion. 

The  influence  of  the  Variable  factors  aSecting  the  formation  of  the 
colloidal  solution  w^  investigated  by  absorbing  definite  amounts  of 
acetylene,  from  measured  voltunes  of  the  standard  solution,  in  30  cc.  of 
absorbing  solution.  After  the  absorption  was  completed  this  solution 
was  diluted  to  100  cc.  before  comparing  with  a  color  standard  in  a  colorim- 
eter of  simple  construction.  From  a  consideration  of  the  results  of 
these  experiments  the  following  method  was  chosen.  The  necessary 
directions  are  given  in  italics.  Comments  are  given  in  the  ordinary  type. 
3.  Procedure  for  the  Determination  of  Acetylene. 
(a)  Preparation  of  Absorbing  Solution. — Dissolve  0.25  g.  of  gelatin 
in  hot  water,  dilute  to  500  cc,  and  add  500  cc.  of  qs%  cdcohol  and  1.25  g. 
of  hydroxylamine  hydrochloride.  To  20  cc.  of  this  solution  add  10  cc.  of 
concentrated  ammonium  hydroxide  and  a  small  amount  of  curpous  chloride. 
One-  or  two-htmdredths  of  a  gram  of  cuprous  chloride  is  all  that  is  required 
although  as  much  as  half  a  gram  is  not  objectionable.  If  a  greater  amotmt 
of  solution  is  required  to  fill  the  absorption  apparatus  it  should  be  made 
up  in  the  same  proportions. 

Several  substances  have  been  tried  as  protective  colloids  besides  gela- 
tin, but  aU  have  been  fotmd  unsuitable.  More  than  the  above  amount 
of  gelatin  is  not  required  and  much  more  is  objectionable,  since  it  may 
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be  precipitated  by  the  alcohol  and  the  various  salts  in  solution.  A  large 
amount  of  alcohol  in  the  solution  favors  completeness  of  absorption  and 
uniformity  of  results,  but  too  large  an  amotmt  precipitates  the  gelatin 
from  solution.  The  amount  of  ammonia  in  solution  must  be  regulated 
rather  carefully.  Either  too  little  or  too  much  ammonia  results  in  the 
formation  of  a  precipitate  and  in  incomplete  absorption.  The  presence 
of  ammonium  chloride  or  other  strong  electrol3rte  causes  coagulation  and 
erroneous  results;  an  excess  of  hydroxylamine  salts  should  be  avoided 
for  the  same  reason,  but  more  than  the  amount  given  in  the  above  direc- 
tions may  be  used  if  required  to  completely  discharge  the  blue  color  of 
cupric-ammonium  salts.  It  is  best,  however,  to  add  any  excess  of  hy- 
droxylamine necessary  to  decolorize,  when  diluting  with  water  after  ab- 
sorption, rather  than  before;  the  presence  of  a  small  amount  of  cupric 
salts  dtuing  the  absorption  does  not  affect  the  results. 

(b)  Absorption  of  Acetylene. — The  gas  to  be  tested  for  acetylene  should 
be  bubbled  at  a  moderate  rate  into  a  rather  small  volume  of  the  absorbing  solu- 
tion through  a  glass  tip  with  a  small  opening.  The  effect  of  changing  the 
volume  of  the  absorbing  solution  is  shown  in  Table  I.  In  each  case  the 
composition  of  the  absorbing  solution  was  the  same  and  the  solution 
was  diluted  to  loo  cc.  before  making  the  colorimetric  comparison.  Since 
these  experiments  were  very  carefully  made  after  the  effect  of  all  other 
variables  had  been  investigated,  the  tendency  to  obtain  higher  results 
when  using  the  smaller  volume  of  absorbing  solution  is  probably  not  due 
to  experimental  error.  It  is  believed  that  this  effect  is  due  to  equilibrium 
within  the  solution,  the  significance  of  which  will  appear  later. 
Table  I.— Effbct  of  Volumb  of  Absorbing  Solution. 


Volume  of 

solution, 
cc. 

Acetylene. 

Present. 
Mg. 

Pound. 

Mg.     . 

Difference. 

30 

0.68 

0.71 

+0.03 

30 

0.41 

0.41 

*o.o 

30 

0.54 

0.55 

+O.OX 

30 

0.27 

0.26 

— O.OI 

60 

0.41 

0.38 

—0.03 

60 

0.54 

0.53 

—O.OI 

60 

0.27 

0.24 

— 0.03 

90 

0.41 

0.38 

— 0.03 

It  is  important  that  a  small  tip  be  used  for  introducing  the  gas  into  the 
solution.  In  the  experimental  work  two  tips  were  used  for  this  purpose, 
one  having  an  internal  diameter  of  about  2  mm.  and  the  other  a  diameter 
of  about  o .  2  mm.  It  was  found  that  30  to  50%  of  the  acetylene  escaped 
when  using  the  larger  tip  at  rates  of  from  30  cc.  to  75  cc.  per  minute. 
There  was  no  indication  of  loss  of  acetylene  when  using  the  small  tips 
at  rates  up  to  50  cc.  per  minute,  and  loss  of  acetylene  did  not  exceed 
10%  even  when  the  rate  was  100  cc.  per  minute. 
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(c)  Dilution  and  Comparison  with  Color  Standard. — After  the  absorp- 
tion of  the  acetylene,  the  colloidal  solution  is  diluted  with  water  to  a  conoe- 
nient  volume  and  compared  in  a  colorimeter  with  a  color  standard  of  fixed 
value,  which  may  he  a  fixed  depth  of  a  solution  of  a  red  dye  or  a  piece  of  ruby 
glass.  The  value  of  the  standard  must  be  determined  by  previous  calibra- 
tion with  known  amounts  of  acetylene.  A  large  number  of  expenments 
have  shown  that,  within  the  Umit  of  accuracy  of  the  colorimeter  readings, 
it  is  immaterial  how  much  the  colloidal  solution  is  diluted  before  the 
readings  are  taken,  provided  the  volume  of  solution  is  taken  into  accotmt 
in  calculating  the  amount  of  acetylene.  For  example,  if  a  sample  of  acetyl- 
ene is  absorbed  in  30  cc.  of  solution  and  the  resulting  Uquid  successively 
diluted  with  water  to  60,  90,  120  cc.  and  comparisons  with  the  same  color 
standard  are  made  at  each  dilution,  it  will  be  found  that  the  depths  of 
colloidal  solution  required  to  match  the  standard  are  in  the  ratios  1:2: 

3  -.4. 

4*  Preparation  and  Standardization  of  a  Color  Standard. 

The  most  satisfactory  standard  for  use  in  colorimetric  work  is  of  cotu-se 
a  solution  having  a- known  value  and  of  the  same  character  as  the  solu- 
tion whose  value  is  to  be  determined.  Unfortimately,  however,  a  col- 
loidal solution  of  copper  carbide  cannot  be  preserved  for  any  considerable 
length  of  time  and  it  is  quite  difficult  to  prepare  one  of  known  value. 
The  color  of  colloidal  solutions  prepared  under  different  conditions  varies 
vndely,  and  those  produced  by  the  action  of  an  excess  of  acetylene  on  small 
.amounts  of  a  copper  salt  cannot  be  compared  accurately  with  the  colloids 
prepared  from  small  amounts  of  acetylene  and  an  excess  of  the  copper 
salt. 

It  is  possible,  however,  to  match  the  colloidal  solution  with  a  solu- 
tion of  red  dye  or  a  piece  of  ruby  glass.  The  standard  solution  used  for 
<x>inparison  in  the  experimental  work  had  the  following  composition: 

Chromanilbraun  R 0.21  mg. 

Carmoisme  B 0.04  mg. 

Gum  arable 2.5  g. 

Water -. 100  cc. 

This  solution  was  designated  on  an  arbitrary  color  scale  as  standard 
-*•  H  25  "  and  will,  for  the  sake  of  brevity,  be  so  designated  in  this  discus- 
sion. 

Although  it  is  possible  to  match  very  closely  any  depth  of  a  given  col- 
loidal copper  carbide  solution  with  a  dye  solution,  sucli  as  solution  "H 
25/'  the  ratio  between  the  depths  of  the  two  solutions  is  not  constant 
but  varies  with  the  depth.  When  comparing  small  depths,  the  color, 
i.  e,s  the  relative  amount  of  Ught  of  the  longer  and  shorter  wave  lengths 
ixansmitted,  is  the  determining  factor  in  making  the  comparison.  When 
3-  greater  depth  is  used,  practically  all  light  except  red  is  excluded  and  the 
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point  of  agreement  is  no  longer  determined  by  the  color  of  the  two  fields 
in  the  colorimeter,  but  by  whether  one  field  is  lighter  or  darker  than  the 
other. 

Upon  plotting  the  results  of  any  series  of  comparisons  of  the  colloidal 
solutions  produced  by  known  amounts  of  acetylene  with  a  fixed  color 
standard  it  appears  that,  within  the  limits  of  experimental  error,  the  re- 
sults obtained  with  all  lie  on  a  straight  line  represented  by  the  equation 

X  =  ay  +  b^ 

in  which  x  =  amount  of  acetylene,   y  =  .  and 

depth  of  colloidal  solution 

a  and  b  are  constants.    In  this  equation  b  represents,  of  course,  the  point 

at  which  the  curve  cuts  the  horizontal  axis  and  its  value  is  that  of  the 

smallest  amount  of  acetylene  which  will  produce  a  color  in  the  absorbing 

solution.    The  value  of  a  is  dependent  upon  the  color  standard  used. 

Both  constants  must  be  experimentally  determined. 

When  a  variable  depth  of  a  standard  solution  is  used  for  the  compari- 

J.X.       J.'    depth  of  standard  solution  -  *       ^t_        *      i-      % 

son,  the  ratio  — may  be  used  as  the  value  for  y 

depth  of  colloidal  solution 

and  the  equation  x  —  ay  +  b  still  holds,  provided  the  ratio  between  the 

depths  of  the  two  solutions  is  the  same  for  all  depths.    As  pointed  out 

in  the  preceding  section,  this  is  not  the  case  with  any  of  the  solutions 

used  as  standards,  but  it  may  be  asstuned  without  appreciable  error  for 

amounts  of  acetylene  not  greater  than  o.  1-0.2  mg.    For  larger  amounts 

a  constant  depth  of  standard  solution  should  be  used  in  order  to  provide 

a  color  standard  of  fixed  value. 

The  value  of  b  was  at  first  thought  to  represent  the  minimum  concen- 
tration of  acetylene  in  the  gas  mixttu^  which  would  be  absorbed  by  the 
solution.  If  the  existence  of  such  a  minimum  were  the  true  explana- 
tion of  the  fact  that  the  curve  does  not  pass  through  the  origin,  it  is  evi- 
dent that  a  given  amount  of  acetylene  diluted  with  a  large  volume  of 
hydrogen  would  give  lower  results  than  the  same  amount  of  acetylene 
diluted  with  a  small  voltune  of  hydrogen.  That  such  is  not  the  case 
was  clearly  shown  by  experiments.  The  only  other  probable  explana- 
tion seemed  to  be  that  there  is  an  equilibrium  in  the  absorbing  solution 
and  that  b  represents  the  minimum  concentration  of  dissolved  acetylene 
which  will  produce  a  colored  colloid.  If  this  is  true  the  value  of  b  should 
be  proportional  to  the  volume  of  absorbing  solution.  The  experiments 
given  in  Table  I  and  plotted  in  Fig.  i  show  that  this  relation  is  at  least 
approximately  correct. 

Fig.  2  shows  the  results  of  one  series  of  comparisons  of  "standard  solu- 
tion H  25"  with  known  amounts  of  acetylene  from  a  carefully  analyzed 
solution  in  ether.    The  equation  of  the  straight  line  averaging  these 
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8  8 
I 


values  isx  =  i.^sy  +  0.03,  where  x  is  expressed  in  tenths  of  a  milli- 

^        .  -            J      •    i.1.       X-    depth  of  standard  solution 
gram  of  acetylene  and  y  is  the  ratio  — . 

depth  of  colloidal  solution 
Calibration  of  any  Color  Standard.---Since  the  value  of  b  depends 
upon  the  volume  of  the  absorbing  solution  and  is  independent  of  the  color 
standard  used,  its  value  may  be 
experimentally  fixed  once  for  all. 
This  value  has  been  carefully  deter- 
mined several  times  tmder  different 
conditions  and  has  always  been 
found  to  be  between  0.02  and  0.05 
mg.  It  seems  probable  that,  in  any 
operations  in  which  there  is  fairly 
complete  absorption,  the  value  of  b 
may  be  assumed  to  be  0.03  mg.  for 
30  CO.  of  absorbing  solution  with- 
out causing  any  error  in  excess  of  o.oi  mg.  In  order  to  calibrate  any 
color  standard  it  is  then  only  necessary  to  make  one  accurate  com- 
parison of  the  standard  with  a  colloidal  solution  prepared  from  a 
known  amount  of  acetylene.  This  comparison  gives  simultaneous  values 
for  X  and  y  in  the  equation  x  =  ay  +0.03,  and  the  value  of  a  may  be 

I 

V 


Tenths  of  a  milUgntm  of  Acetylene. 
Pig.  1 . — Effect  of  volume  of  absorbing  solution. 
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O 
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1 

I 


I 
I 

•a 

>  Tenths  of  a  milUgram  of  acetylene. 

Pig.  2. — ^Result  of  one  series  of  comparisons  using  "standard  H  25"  and  known 
amounts  of  acetylene.    Equation  of  straight  line  is  x  —  1.43  y  +  0.3. 

easily  calculated.  Unknown  amoimts  of  acetylene  may  then  be  deter- 
mined for  the  same  equation,  using  the  values  already  fotmd  for  a  and  b, 
or,  for  convenience,  a  curve  may  be  plotted  and  values  taken  from  that. 

Chemists  who  desire  to  make  only  an  approximate  determination 
without  the  labor  of  previously  calibrating  a  standard,  may  do  so  by 
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using  as  a  standard  a  depth  of  lo  cm.  of  a  solution  of  0.04  g.  of  azolitmin 
in  100  cc.  of  water.  The  value  of  a  for  a  solution  of  this  strength  made 
from  a  sample  of  the  dye  of  Kahlbaum  grade  was  found  to  be  o.  13  mg. 
It  is  not  known  how  much  variation  will  be  f otmd  among  different  sam- 
ples of  azolitmin;  but  it  is  apparent  from  the  slope  of  a  curve  for  azolitmin 
given  in  the  complete  paper,  that  any  variation  in  the  strength  of  the  azo- 
litmin or  the  quality  of  the  dye  will  cause  much  less  than  a  proportional 
error  in  the  amotmt  of  acetylene  found. 

As  a  color  standard,  a  piece  of  ruby  glass  or  a  glass  plate  covered  with 
a  film  of  gelatine  and  stained  with  oxamine  red  or  other  suitable  dye  may 
be  used  instead  of  a  solution.  Once  having  calibrated  the  standard  as 
described  above,  the  same  results  are  obtained  no  matter  what  standard 
is  used,  provided  the  two  colors  are  enough  alike  to  permit  an  accurate 
comparison  and  the  standard  does  ndt  change.  A  ruby  glass  is>  of  course, 
permanent,  but  the  author  is  tmable  to  say  how  much  reliance  may  be 
placed  in  the  permanence  of  color  of  a  stained  film. 

Table  II  gives  the  results  of  a  series  of  determinations  of  unknown 
amounts  of  acetylene  using  two  different  standards  for  comparison.  The 
results  are  in  substantial  agreement. 

Table  II. 
Determination  of  unknown  amounts  of  acetylene,  using  as  standards:     (i)  10  cm. 
solution  H  25  o  -  1.43;  (2)  ruby  glass  No.  i  a  -  3.69. 

Acetylene  found. 


Sample. 

Solution  Hm 
as  standard. 

0.51 

Ruby  glass 
u  standard. 

0.55 

0.43 
0.29 

0.41 
0.28 

- 

0.57 
0.56 

0.56 
0.5s 

5.  Application  of  Proposed  Method. 
(a)  Determination  of  Acetylene  in  Gas  Mixtures. — ^None  of  the  con- 
stituents normally  present  in  illuminating  gas  interferes  in  any  way  with 
the  colorimetric  determination  of  acetylene.  To  make  such  a  determina- 
tion it  is  only  necessary  to  pass  a  measiu-ed  volume  (0.5-2  liters)  of  the 
gas  into  the  absorbing  solution  and  make  the  colorimetric  comparison. 
The  whole  determination  can  be  made  in  about  ten  minutes.  Four  suc- 
cessive determinations  of  the  acetylene  in  illuminating  gas  taken  directly 
from  the  house  piping  gave  0.30,  0.30,  0.32  and  0.33  cc.  per  liter.  The 
method  was  applied  by  Mr.  J.  D.  Edwards  in  this  laboratory  to  the  test- 
ing of  hydrogen  of  high  purity.  One  part  of  the  acetylene  was  readily 
determined  in  250,000  parts  of  the  hydrogen  from  one  sotu-ce.  Hydro- 
gen from  another  sotu'ce,  believed  to  contain  only  a  small  fraction  of  this 
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amount  of  acetylene,  produced  a  red  stain  on  the  tip  of  the  inlet  tube 
in  the  absorbing  solution,  but  no  coloration  in  the  liquid. 

In  order  to  ascertain  whether  acetylene  could  be  determined  in  air  by 
this  method,  a  sample  of  the  acetylene  solution  in  ether  was  first  run 
in  the  usual  manner  with  a  stream  of  hydrogen  to  carry  it  into  the  ab* 
sorber;  then  the  determination  was  repeated  with  the  same  amount  of 
acetylene  and  a  stream  of  air  instead  of  hydrogen.  The  acetylene-air 
mixture  was  passed  through  a  strongly  alkaline  solution  of  p3rrogallol 
and  dience  into  the  absorber;  and  the  pyrogallol  solution  was  heated  to 
booing  before  the  stream  of  air  was  stopped.  When  hydrogen  was  used 
the  test  showed  0.56  mg.  of  acetylene;  with  air  0.53  mg.  of  acetylene 
was  found. 

Hie  expariment  also  proved  that  a  solution  of  potassium  hydroxide 
ocndd  be  used  if  necessary  to  remove  hydrogen  sulfide,  carbon  dioxide, 
4»r  similar  interfering  gases.  It  was  fotmd  by  several  experiments  that 
small  amounts  of  carbon  dioxide  did  not  affect  the  determination,  but 
that  larger  amounts  had  the  same  effect  as  the  introduction  of  a  small 
amount  of  a  strong  electrolyte  into  the  solution.  The  color  of  the  colloid 
produced  by  acetylene  carried  over  in  a  stream  of  pure  carbon  dioxide 
was  too  iMTown  to  admit  of  any  accurate  comparison. 

(b)  Determination  of  Water.— The  determination  of  small  amounts  ot 
water  by  the  ccdorimetric  method,  which  was  the  primary  object  of  this: 
investigation!  presents  several  dif&culties  which  are  nearly  insurmotmta^ 
ble. 

Bfforts  were  made  to  determine  water  in  a  variety  of  materials  by  the 
use  of  the  apparatus  described  below.  The  sample  to  be  tested  was- 
brought  into  contact  with  calcium  carbide,  in  a  small  glass  apparatus,. 
(either  with  or  without  anhydrous  ether  to  act  as  a  solvent.  The  flask  in 
<wliich  the  reaction  took  place  was  connected  to  a  condenser  and  thence 
to  a  tube  filled  with  carbide  to  prevent  the  escape  of  water  vapor.  Ether 
dried  over  sodium  could  be  introduced  directly  or  could  be  distilled  through 
a  phosphorus  pentoxide  tube  into  the  reaction  flask.  The  whole  ap- 
paratus could  be  swept  out  with  hydrogen  dried  over  phosphorus 
pentoxide. 

The  greatest  difliculty  encoimtered  is  due  to  the  fact  that  caldiun 
carbide  itself,  or  the  calcium  hydroxide  which  it  always  contains,  appears 
to  occlude  acetylene,  which  it  holds  with  great  tenacity  but  gives  off  slowly 
for  long  periods.  It  may  be  that- the  source  of  trouble  is  a  small  amount 
of  water  which  is  held  by  the  calcium  hydroxide  and  which  reacts  with 
the  carbide  very  slowly.  Whatever  the  exact  cause,  there  is  no  ques- 
tion that  with  any  carbide  obtainable  commercially  all  efforts  to  remove 
this  acetylene  by  ignition  or  evacuation  have  proven  unsuccessful.  The 
acetylene  which  causes  the  trouble  may  be  removed  by  boiling  the  car- 


Digitized  by  VjOOQIC 


36o  S.  R.  WEAVER. 

bide  two  or  three  times  with  an  anhydrous  liquid  such  as  ether.  After 
such  treatment  the  carbide  must  not  be  exposed  to  the  air  even  for  an  in- 
stant. After  the  reaction  between  the  carbide  and  the  sample  being 
tested  for  water  is  finished,  it  is  necessary  to  remove  the  acetylene  pro- 
duced in  the  same  way  as  before  the  test.  It  is  apparent  that  a  consid- 
erable amount  of  ether  is  required  for  the  two  purposes  and  that  a  large 
volume  of  hydrogen  is  required  to  sweep  out  the  apparatus  completely. 
It  has  been  found  almost  impossible  to  dry  ether  so  thoroughly  that  the 
amotmt  required  by  this  test  will  produce  no  acetylene  which  can  be  de- 
tected. Even  the  ether  from  a  bottle  entirely  filled  with  a  loose  mass  of 
sodium  wire  which  remains  apparently  perfectly  bright  noay  produce  a 
surprising  amount  of  acetylene,  and  phosphorus  pentoxide  appears  to 
lose  very  quickly  its  power  to  remove  the  water  completely  from  ether 
vapor.    It  is  consequently  very  difficult  to  secture  consistent  blanks. 

A  second  source  of  difficulty,  which  has  been  recognized  by  every  chem- 
ist who  has  used  the  carbide  method  for  the  determination  of  water,  is 
the  fact  that  the  theoretical  amount  of  acetylene  is  never  produced  from 
a  known  quantity  of  water.  This  is  particularly  true  when  dealing  with 
very  small  amounts  of  water.  In  the  author's  experiments  the  amount 
of  acetylene  produced  has  varied  from  50-80%  of  the  theoretical,  gener- 
ally approaching  the  latter  figure. 

In  consequence  of  these  sources  of  difficulty  and  error,  tests  made 
with  the  colorimeter  have  little  more  significance  than  the  much  simpler 
•qualitative  tests  described  in  an  earlier  paper.  ^  A  negative  test  is  quite 
•conclusive,  but  the  detection  of  an  amount  of  acetylene  less  than  o.  i  mg. 
lias  little  more  than  qualitative  significance. 

Negative  tests  have  shown  that  the  standard  samples  of  benzoic  add, 
naphthalene  and  sugar  issued  by  this  Bureau  are  almost  absolutely  an- 
liydrous.  As  an  example  of  the  kind  of  results  which  may  be  expected 
when  water  is  present,  the  following  tests  are  given  of  a  sample  of  alcohol 
in  which  Mr.  E.  C.  McKelvy,  of  this  Bureau,  had  determined  the  amount 
of  water  by  the  method  of  critical  solution  temperature.* 

Table  HI. — DBTERMmATioN  of  Water  m  Alcohol. 

Pound  by  critical  Pound  by  colorimetric  method. 


solution  temperatures.           * 

Water  -  A.                   Acetylene. 

Water  -  B. 

Mg.                               Mg. 

Ug. 

BX  100/A. 

i.o                       0.48 

0.62 

62 

i.o                        0.58 

0.80 

80 

6.0                                 3.5 

4.8 

80 

6.0                                3.6 

5.0 

82 

50                                      21. 2» 

29.2 

59 

»  This  Journal,  36,  2462-8  (1914)- 

«  BM,  Bur.  Standards,  9,  p.  344- 

*  Acetylene  determined  gravimetrically. 
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6.  Sunimary. 

A  colorimetiic  method  for  the  detection  of  small  amomits  of  ax^tylene 
has  been  developed  in  the  course  of  an  investigation  upon  the  determina- 
tioa  of  small  amounts  of  water  by  the  use  of  calcium  carbide.  The  re- 
sults upon  the  determination  of  water  have  not  been  satisfactory,  but  the 
method  for  acetylene  has  been  worked  out  successfully. 

The  determination  is  carried  out  by  conducting  the  gas  to  be  investi- 
gated into  an  ammoniacal  solution  of  cuprous  chloride  containing  gela- 
tin and  alcohol,  and  comparing  the  red  colloidal  solution  so  obtained 
with  a  suitable  standard,  which  may  be  either  a  solution  of  red  dye  or  a 
piece  of  ruby  glass. 

After  a  careful  investigation  of  the  effect  of  vaiying  the  composition 
of  the  absorbing  solution,  the  following  procedure  was  adopted  in  making 
up  the  solution:  Dissolve  0.25  g.  of  gelatin  in  hot  water,  dilute  to  500 
ex:.,  and  add  500  cc.  of  95%  alcohol  and  i .  25  g.  of  hydroxylamine  hydro- 
chloride. To  20  cc.  of  this  solution  add  10  cc.  of  concentrated  ammonium 
hydroxide  and  a  small  amount  of  cuprous  chloride.  After  the  absorption 
of  the  acetylene,  the  solution  is  diluted  to  100  cc.  and  compared  in  a  colorim- 
eter with  the  standard  which  has  been  chosen.  The  standard  used  in 
the  experimental  work  was  a  solution  containing  chromanilbraun  R, 
carmoisine  B  and  gum  arable.  A  more  convenient,  though  less  accurate, 
standard  is  a  fixed  depth  of  a  solution  of  azolitmin.  If  10  cm.  of  a  solu- 
tion of  azolitmin  containing  i  part  of  the  dye  to  2500  parts  of  water  is 
used  as  standard,  the  amount  of  acetylene  in  100  cc.  of  colloidal  solution 
may  be  calculated  from  the  equation  x  =«  o.  13  :y  +  0.03,  where  x  =*  no. 
of  milligrams  of  acetylene  and  ^^  =  i  -4-  no.  of  centimeters  of  colloidal 
solution  required  to  match  the  standard. 

The  method  is  very  sensitive.  Amoimts  of  acetylene  as  small  as  0.03 
mg.  may  be  detected  and  amounts  up  to  2  mg.  determined  with  an  ac- 
curacy of  better  than  0.05  mg.  Several  applications  of  the  method  are 
described. 

Hydrogen  sulfide,  and  large  amounts  of  oxygen  and  carbon  dioxide  in- 
terfere with  the  test,  but  all  of  these  may  be  removed  by  passing  the  gas 
to  be  tested  through  a  hot  alkaline  solution  of  p)nrogallol  without  loss 
of  acetylene. 

The  investigation  required  some  experiments  upon  the  determination 
of  larger  amounts  of  acetylene  by  precipitation  with  cuprous  chloride 
and  subsequent  determinations  of  the  copper.  It  was  found  that  in  order 
to  obtain  accurate  results  by  this  method  it  is  absolutely  necessary  to 
carry  out  the  filtration  and  washing  of  the  precipitate  in  the  absence  of 
air. 

Wasbinoton,  D.  C. 
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(CoNTRiBtrnoN  FROM  TRB  CHSmcAi,  Laboratory  op  thb  Univsrsitt  or  Washington.  ] 

ANODIC  RELATIONS  OF  PASSIVE  IRON  WITH  NOTES  ON 

POLARIZATION  POTENTIALS  AS  INPLUENCED 

BY  EXTERNAL  GAS  PRESSURES. 

By  H.  G.  Bysrs  akd  Ssth  C.  Lamodon. 
Received  October  11,  1915. 

In  a  series  of  researches  previously  carried  out  in  this  laboratory/ 
it  was  determined  that  the  establishment  of  anodic  passivity  in  iron 
is  influenced  by  the  seven  following  factors:  (i)  the  condition  and  pre- 
vious treatment  of  the  iron,  (2)  the  nature  and  concentration  of  the  electro- 
lyte, (3)  the  stirring  of  the  electrol)rte,  (4)  the  temperature,  (5)  the  current 
density,  (6)  the  time  of  flow  of  the  current,  and  (7)  the  concentration 
of  oxygen  dissolved  in  the  electroljrte. 

The  last  factor  was  of  striking  interest,  for  it  was  found  that  with  a 
pure  iron  anode,  of  0.71  mm.  diameter  and  5  mm.  in  length,  immersed 
in  0.2  N  HjSOi  at  a  temperature  of  0°  C,  with  negligible  stirring  influences, 
and  with  15  milliamperes  flowing,  it  required  45  seconds  for  passivity 
to  be  established,  that  is,  if  the  electrolyte  was  saturated  with  oxygen 
at  3  pounds,  pressure  per  square  inch,  but  only  4  seconds  were  required 
if  the  electrolyte  was  saturated  with  oxygen  supplied  at  a  pressure  of 
81  pounds  per  square  inch. 

That  the  effect  was  due  to  the  high  concentration  of  dissolved  oxygen, 
and  not  to  the  mechanical  pressure,  was  shown  by  the  failure  of  other 
:gases,  supplied  at  high  pressure,  to  produce  any  corresponding   effect. 

Since  it  has  been  assumed  that  the  anodic  potential  is  a  measure  of 
passivification,  it  was  expected  that  illuminating  results  would  be  ob- 
tained by  a  study  of  the  effect  of  oxygen  pressure  on  the  potential  of  iron. 

In  order  that  the  results  obtained  might  be  of  greater  value  in  interpret- 
ing the  work  already  done,  conditions  analogous  to  those  outlined  above 
were  chosen,  i.  e.,  the  same  electrolyte,  temperature,  concentration, 
similar  electrodes,  etc. 

In  order  to  work  with  the  high  gas  pressiure  the  normal  calomel  electrode 
was  modified  somewhat  in  form,  as  shown  in  Fig.  i.  The  absence  of  air 
space  within  the  cell  prevents  liquids  from  being  forced  back  into  the 
cell  when  pressure  is  applied.  The  fine  capillary  minimizes  diffusion, 
and  as  fresh  normal  potassiiun  chloride  was  introduced  through  the 
stopcock,  after  each  set  of  measurements,  any  contaminated  solution  in 
the  capillary  was  thus  forced  out.  During  the  six  months  that  the  cell 
was  in  use  its  value  was  checked  from  time  to  time  and  showed  very  satis- 
factory constancy.  Throughout  the  work  a  potentiometer,  capable 
of  detecting  potential  differences  of  one  ten-thousandth  of  a  volt,  was 
1  Byers,  This  Journal,  30.  1718  (1908);  Byers  and  Langdon.  Ibid.,  35,  759  (19x3); 
36,  2004  (1914)- 
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used,  but  readings  were  taken  only  to  the  third  decimal,  for  in  most 
cases  the  potential  fluctuates  slightly  from  moment  to  moment.  The 
instrument  used  was  very  satisfactory  as  it  allowed  very  quick  and  ac- 
curate adjustment. 

The  initial  electromotive  force  of  different  sections  of  wire,  immediately 
after  immersion  in  0.2  N  sulfiuic  add  was  not  always  the  same,  but  ranged 
between  the  limits  +0.522  and  +0.506  volt.  This  behavior,  which  is 
probably  to  be  ascribed  to  variations  in  the  material  and  surface  of  the 
electrodes,  finds  analogy  in  the  variation  of  the  time  required  for  a  given 
current  to  passivify  different  sections  of  wire. 

As  iron  stands  in  contact  with  the  add  its  potential  gradually  dianges, 
as  shown  in  Table  I,  though  the  variations  here  are  of  a  more  uniform 
character  and  of  greater  magnitude  than  were  shown  in  all  cases. 

Tablb  I. 

Time  in  minutes Start 

E.  M.  F.  Volts +0.511 

60  72  87  125 

+0.530    +0.536    +0.536     +0.539 

An  exactly  similar  set  of  figures  appears  in  Table  II  where  at  the  end  of 
seven  minutes  hydrogen  gas,  at  50  lbs.  pressure  per  sq.  inch,  was  applied. 
As  a  comparison  of  Tables  I  and  II  shows,  the  gas  at  this  pressure  caused  no 
noticeable  deviation  from  the  normal  behavior.  Oxygen  pressure  showed 
a  corresponding  lack  of  effect  (see  Table  II)  on  prolonged  appHcation, 
thus  allowing  the  dectrolyte  to  become  saturated  with  the  gas. 

Tabi<b  II. 


2 
+0.513 

140 
+0.542 


19 
+0.523 

150 
+0.544* 


31 
+0.524 

152 
+0.549 


37 

+0.524 

153 
+0.549 


45 
+0.527 

156 
+0.550 


Time  in 
minutes. 

E.  M.  P 

Start 

0.507 

2 

0.510 

4 

O.511 

7 

0.513  , 

10 

0.515 

12 

0.517 

13 

0.518 

15 

0.5x8 

18 

0.519 

20 

0.520 

No 

ext. 

gas 

pressure 

Hydrogen 


50  lbs. 
persq. 
in. 


Time  in 
tninute*. 

Start 

4 
7 
8 

9 

13 

18 

19 
20 

25 
27 


It  may  therefore  be  concluded  that  neither  mechanical  pressm-es  nor 
ilie  saturation  of  the  electrol3rte  with  hydrogen  or  oxygen  produces  a 
pronotmced  effect  on  the  electromotive  force  of  iron  when  immersed  in 
-0.2  N  sulfuric  add. 

The  second  step  was  to  obtain  the  electrode  potential  of  iron  electrodes 
lield  in  the  passive  condition  by  a  small  current,  and  subsequently  to  de- 
1  Iron  changed  to  fresh  electrolyte. 
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termine  the  effect  of  oxygen  and  other  gaseous  pressures.  The  apparatus 
is  shown  in  Fig.  i,  and  requires  but  little  explanation.  The  iron  electrode 
was  in  series  with  a  platinum  electrode,  a  milliammeter,  five  lead  storage 


Fig.  I. 

batteries,  a  variable  resistance  and  a  key.  The  potential  difference 
between  the  normal  calomel  electrode  and  the  iron  electrode  could  be 
meastu:ed  at  any  time  by  the  potentiometer  which  was  connected  through 
a  conunutator. 

With  the  arrangement  just  described,  a  section  of  wire  was  rendered 
passive  at  high  current  density  and  then  the  resistance  of  the  external 
circuit  increased  until  the  polarizing  current  had  dropped  to  lo  milli- 
amperes.  The  first  readings  of  the  potential  just  after  passivification 
were  always  higher  than  subsequent  values.  These  changes,  as  appears 
in  Table  III,  show  that  a  polarized  passive  electrode  becomes  less  noble 
on  standing,  even  though  a  small  external  current  is  maintained  to  sustain 
the  pcdarization.  This  is  exactly  analogous  to  the  behavior  of  the  active 
iron  when  no  external  current  is  used.     (Compare  Table  I.) 
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Table  III. 

Iron  iMseiTe. 


10  M.  A.  flowing. 


Time  Start  4  7  xo 

E.  M.  F.     +0.510  +0.512  — 1.790  — 1.789 


16  20  22  24    min. 

-1.785  — 1.782  — 1.783  — 1.781 


The  effect  on  this  polarization  potential  produced  by  the  application 
to  the  siuiace  of  the  electrolyte,  of  oxygen  gas  under  pressure,  \?  shown 
in  Table  IV,  where  it  is  clearly  evident  that,  coincident  with  the  rise  in 
pressure,  there  is  a  fall  in  potential,  and  that  with  the  release  of  the  pres- 
sure the  potential  again  rises,  but  not  as  high  as  it  was  when  the  pressure 
was  first  applied. 

Table  IV. 


0  prewure 

0  pressure 

Time  in 

Ext. 

applied. 
Lbs.  per 

Time  In 

Ex. 

£i?.r» 

minutes. 

E.  M.  P. 

current. 

sq.  in. 

minutes. 

S.M.  P. 

current. 

sq.in. 

Start 

+0.506 

None 

None 

30 

—1.788 

10  M.  A. 

42 

I 

+0.560 

«« 

« 

32 

—1.786 

« 

tt 

2 

+0.507 

it 

«< 

33 

—1.788 

tt 

tt 

Iron  rendered  passive  and  then 

current  reduced  to  10  M 

A. 

36 

—1.796 

it 

None 

3-5 

Varymg 

10  M.  A 

it 

38 

—1.798 

tt 

#< 

7 

— 1.820 

«< 

tt 

39 

—1.796 

•t 

tt 

10 

—1. 816 

<« 

u 

41 

—1.796 

tt 

ft 

12 

—1. 818 

«f 

tt 

43 

M 

48 

15 

..... 

<( 

42 

44 

—1.786 

tt 

tt 

17 

—1.806 

'«# 

« 

46 

—1.787 

tt 

tt 

22 

—1.807 

« 

« 

48 

—1.788 

tt 

tt 

23 

it 

None 

53 

—-1.793 

tt 

tt 

25 

— 1. 811 

.    «« 

tt 

54 

+0.518 

None 

None 

This  is  not  surprising  in  view  of  the  fact  just  established  in  the  preyioua 
experiment,  that  for  an  anodically  polarized  passive  iron  electrode  the 
value  of  its  potential  gradually  decreased  with  time. 

That  the  change  in  potential  is  due  to  the  mechanical  pressure  and  is 
independent  of  the  nature  of  the  gas  is  also  made  dear  by  the  data  in 
^able  V«  A  range  of  oxygen  pressures  was  used  and  then  a  corresponding 
treatment  using  hydrogen  pressure.  The  results  as  shown  here  are  more 
uniform  than  those  exhibited  by  most  electrodes.  The  measurements 
in  the  table  were  all  made  on  one  section  of  iron  wire  but  the  data  indi- 
<:ated  were  previously  ascertained  on  divers  sections  and  the  results  as 
shown  are  typical  and  are  confirmed  by  numerous  independent  tests. 
The  table  shows  the  most  complete  and  satisfactory  single  series  of  measure* 
:aient8. 

When  this  work  was  tmdertaken  it  was  expected  that  if  the  gas  pressure 
prodticed  any  effect  it  would  be  after  the  electrolyte  had  become  saturated 
viith  the  gas,  and  that  if  the  hydrogen  produced  any  result  at  all  that  it 
'would  be  opposite  to  that  caused  by  oxygen.    The  fact  that  the  change 
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Table  V. 


Time  in 
minutes 


Est. 
current. 


E.  M.  P 

Start         +0.510 

3  +0.510 

5  +0.510 

Iron  rendered  passive  current 

then  lowered  to  10  M.  A. 


O  press. 

applied. 

Lbs.  per 

sq.  in. 


None       None 


8 
12 
13 

15 

17 
18 

19 
20 
21 
23 
25 
26 


.784 
.771 
.771 
.730 
.768 
.771 
.730 
—1.730 
—1.730 
—1.768 
—1.730 

—1.748 
— 1.760 


— I 
— I 
— J 

— I 

— I 

* — I 

— I 


10  M.  A. 


43.9 

None 

18.7 

43.9 

43.9 

43.9 

None 

43.9 
30.5 
25.8 


Time  in 
minutes. 

27 
28 
30 
31 
32 
34 
35 
38 
Iron 


E.  M.  P. 

—1.770 
— 1.760 

—1. 751 
—1.740 
—1.730 
—1.767 
+0.520 
+0.520 


Ext. 
current. 

10  M.  A. 


O  press,  applied. 
Lbs.  per  sq.  in. 

None 

25.8 

30.5 

34.6 

43.9 
None 


None 

Iron  active 
rendered  passive  and  current 
lowered  to  10  M.  A. 


40 
41 
44 
48 
50 
51 
53 


— I 
— I 
— I 
— I 
— I 
— I 
— I 


.775 
•776 
.728 
.747 
.755 
.761 
.770 


10  M.  A. 


H  press. 

43.9 
34.0 

30.5 
25.8 
None 


of  potential  was  coinddent  with  the  application  of  the  pressure  and  in- 
dependent of  the  gas  led  to  the  suspicion  that  perhaps  the  phenomena 
were  not  characteristic  of  passive  iron  alone.  To  test  this,  potential  de- 
terminations were  made,  tmder  analogous  conditions,  on  the  following 
electrodes:  an  iron  cathode,  platintun  anode  and  cathode,  and  a  copper 
anode.  Table  VI  shows  the  changes  produced.  The  data  for  cathodes 
are  only  approximate,  due  to  lack  of  constancy,  so  that  the  results  are 
only  qualitative,  although  the  change  with  pressure  is  quite  evident  and 
it  becomes  dear  that  an  application  of  gaseous  pressure,  anodes ,  from  fjuhich 
gas  is  being  evolved,  become  more  positive  and  cathodes  more  negative. 
Nemst's  equation  for  the  potential  of  metal  electrodes  can  be  extended 
to  the  effects  just  described  if  the  anode  is  considered  as  coated  with  an 
oxygen  film  or  charged  with  oxygen,  as  by  ocdusion.  In  the  equation 
E  =  (RT/Fn)  (nat  log  P/p),  P  would  represent  the  solution  tension  of 
the  oxygen  which  is  assodated  with  the  metal,  and  p  would  represent 
the  osmotic  presstu'e  of  oxygen  ions  in  the  solution.  The  application 
of  any  external  pressure  would  then  immediatdy  increase  the  concen- 
tration of  the  oxygen  assodated  with  the  metal  and  thus  raise  the  sdution 
tension  P  and  the  value  of  E  the  potential.  On  the  other  hand,  the  in- 
.crease  of  the  value  of  the  osmotic  pressing  p  would  be  a  slow  process, 
so  that  on  application  of  external  pressure  the  value  P  increases  faster 
than  p  and  there  results  the  rise  in  anode  potential.  Exactly  analogous 
rdations  exist  in  the  case  of  the  cathode  and  a  similar  explanation  of 
the  increased  negativity  of  cathodes  can  be  made.    From  the  form  of 
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the  factor  (nat  log  Pip)  it  is  to  be  expected  that  the  change  of  potential 
with  pressures,  such  as  those  used,  would  be  small.  Taking  into  con- 
sideration the  facts  indicating  the  presence  of  an  oxygen  film,  this  is 
the  most  useful  hypothesis  to  apply  in  this  case  where  the  change  in 
potential  is  small,  such  as  would  be  expected  if  a  gas  fihn  were  considered. 
If  occluded  oxygen  or  an  oxygen  charge  is  assumed  we  are  at  loss  for  satis- 
factory explanation  due  to  la(±  of  knowledge  of  the  coefficient  of  occlusion. 
The  effects  of  pressure  on  potential,  as  above  detailed,  are  new  and  merit 
fuller  investigation.  The  potential  measurements  led  directly  to  the 
studies  which  follow. 

Tabus  VI. 
Platinum  anode. 
0.2  iVHjSO^,  tempo^ 


Time  in 
minutes. 

Start 

1 

2 

3 

7 

9 

12 

13 
15 
18 
21 

24 
26 

27 

Start 

2 

4 
6 

7 

In  the  hope  of  obtaining  a  more  intimate  knowledge  of  the  processes 
of  passivification  a  study  was  made  of  the  changes  of  the  potential  of 
inm  while  it  was.passmg  from  the  active  to  the  passive  state,  and  the  re* 
verse.  The  conditions  and  apparatus  used  were  exactly  the  same  as  in 
the  work  just  detailed.  The  field  of  polarization  potentials  is  one  of 
unusual  difficulty,  because  an  electrode  in  contact  with  an  electrolyte 
shows  great  variation  in  behavior,  especially  when  an  external  current  is 
impressed.  Using  the  potentiometer  previously  described,  the  changes 
in  potential  when  the  iron  was  used  as  an  anode  were  found  to  be  interest- 
ing, but  when  attempts  were  made  to  get  accurate  readings  of  the  momen- 


\  current  8  M.  A. 

Iron  cathode. 

Hydrogen 

prcMure. 
Lbs.  per 

Time  in 

FreMure. 

B.  M.  F.         sq.  in. 

minutes. 

B.M.F. 

—1.899            0 

Start 

+0.069 

None 

—1.898            0 

4 

+  1.069 

«* 

—1.879          50 

7 

+  1.058 

40  (hydrogen) 

— 1.882          40 

9 

+  1.057 

ti 

— I.8S4          38 

10 

+I.Q57 

ti 

—1,885         35 

15 

+1.065 

None 

— 1.890         28 

20 

+  1.069 

14 

— 1.898           0 

—1.898         28 

—1.893         34 

—1.886         46 

Platinum  cathode. 

—1.882         57 

Start 

+  I.680 

None 

—1.882         57 

2 

+1.680 

<( 

—1.903           0 

5 

+0.685 

4f 

Copper  cathode. 

7 

+0.673 

43  (oxygen) 

+  1.141        None 

8 

+0.697 

None 

+  1.140 

10 

+0.673 

43  (oxygen) 

+  1.127        29  (oxygen) 

II 

+0.676 

43        " 

+1.050        41 

13 

+0.793 

None 

+ 1 .  160    '    None 

Digitized  by 


Google 


368 


H.  G.  BYQRS  AND  SBXB  C.  I^ANGDON. 


taiy  values  it  was  found  that  satisfactory  and  reproducible  values  could 
not  be  obtained. 

The  potential  behavior  of  iron  in  contact  with  0.2  N  sulfuric  add,  when 
no  esctemal  current  is  flowing,  has  been  previously  described,  and,  as 
was  shown  in  Table  I,  the  potential  gradually  became  more  positive  cm 
standing.  This  value  does  not  attain  constancy  in  the  course  of  two 
hours.  Different  specimens  of  iron  wire  on  immersion  in  the  add  show 
potentials  ranging  from  +0.506  to  +0.522  volt  When  the  external 
current,  10  milliamperes  was  applied,  the  potential  quickly  became  less  posi- 
tive and  at  the  end  of  two  seconds  it  had  generally  passsed  through  the 
value  +0.1 1  volt.  (See  Pig.  2.)  Then  the  change  became  slower  and 
there  was  a  continuous  fall  to  about  — 0.15,  and  tiiis  was  soon  followed 


Pig.  a. 
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by  a  very  rapid  fall  to  the  neighborhood  of  — 1.85.  Coincident  with  this 
last  sadden  drop  the  iron  became  passive  and  the  resistance  at  the  anode 
surface  increased,,  as  was  shown  by  the  fall  in  polariziog  current. 

When  the  external  current  was  stopped  the  potential  did  not  change 
greatly  for  a  little  while  and  then  there  was  a  very  sudden  rise  as  the  iron 
became  active.  The  time  elapsing'  before  activification  sets  in  is  longer 
when  the  passive  electrode  has  been  polarized  for  a  greater  length  of  time 
or  when  a  high  current  has  been  used.  On  becoming  active,  with  no 
external  current  flowing,  the  potential  usually  rose  to  a  value  slightly 
above  0.6  volt,  which  is  higher  than  the  initial  value  on  first  immersing 
the  iron  in  the  electrol3rte.  Potentiometer  readings  could  not  be  made 
in  the  ordinary  way,  since  during  the  processes  the  values  were  constantly 
changing.  The  current  through  the  external  circuit  was  changing  in  an 
analogous  manner  and  this  tends  to  show  that  the  change  of  potential 
is  associated  with  a  change  in  resistance  at  the  electrode  surface.  The 
external  resistance  was  so  arranged  that  there  was,  as  nearly  as  possible, 
a  current  of  10  milliamperes  flowing  during  the  period  shown  in  the  curve 
by  the  length  B  to  C.  Using  these  conditions  the  method  adopted  was 
to  choose  a  time,  for  instance  five  seconds,  after  the  external  current 
was  api^ed,  and  then  attempt  to  get  as  good  readings  of  the  potential 
at  this  time  as  was  possible.  The  potentiometer  circuit  was  dosed  with 
the  instrument  set  at  the  estimated  potential,  then  by  the  vigor  and  direc- 
tion of  the  galvanometer  throw  the  setting  was  estimated  and,  after  the 
iron  had  been  rendered  active  again,  another  trial  was  made  at  the  end  of 
the  fifth  second.  Thus  a  value  was  approached;  but  there  was  always 
the  difficulty  that  the  potential  of  any  particular  specimen  of  wire  was 
always  changing  and  different  samples  gave  different  values,  so  that 
exact  quantitative  results  were  impossible.  However,  the  graph  gives 
a  very  good  idea  of  the  trend  of  events  and  the  failure  to  obtain  con- 
cordant results  is  characteristic  of  work  in  this  field.  Heathcote,^  at- 
tempted to  obtain  a  similar  set  of  values  with  even  less  success,  although 
he  arrived  at  a  somewhat  similar  curve  for  the  changes  of  potential  as 
iron  becomes  passive.  The  form  of  the  curve  (see  Pig.  2)  is  such  that  it 
presents  rather  strong  evidence  in  favor  of  the  idea  that  the  establishment 
of  passivity  is  the  result  of  two  processes.  The  first  of  these  would  con- 
sist of  the  formation  of  a  layer  of  insoluble  material  such  as  ferrous  oxide. 
This  would  not  be,  of  necessity,  a  firmly  adherent  coating  and  might  be 
pierced  by  holes  or  pores.  Its  initial  formation  would  correspond  to  the 
part  of  the  curve  from  A  to  B.  The  other  process  would  be  the  establish- 
ment of  a  film  of  oxygen  gas  which  would  form  a  complete  cover  over  the 
electrode.  The  transition  between  these  two  processes  is  represented 
by  the  slow  drop  in  potential  shown  between  B  and  C,  after  which  the 
>  /.  Soe,  Chem,  Ind.,  a6,  899  (1907). 
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cover  rapidly  becomes  complete  and  potential  drops  from  C  to  D«  In 
a  similar  way  the  curve  indicates  that  activification  is  a  single  process  or 
at  best  practically  the  simultaneous  removal  of  both  the  oxygen  and  the 
oxide  coats.  This  removal  is  exceptionally  complete  as  is  shown  by  the 
final  maximum  potential.  This  may  also  be  due  to  the  removal  erf  the 
occluded  gases. 

That  the  variation  of  anode  potential  is  associated  with  a  change  of 
resistance  at  the  anode  surface  is  confirmed  by  the  change  in  the  polarizing 
current  as  the  iron  becomes  passive.    The  graph  (see  Fig.  3)  shows  that 
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the  variation  in  external  current  with  time  is  exactly  analogous  to  the 
changes  in  the  anode  potential  during  the  process  of  passivification.  In 
taking  the  data  (Table  VII)  a  long  section  of  iron  was  used  in  order  to 
obtain  values  of  greater  magnitude. 

Table  VII. 
Coaditions:  Temperature,  id°.    0.2  N  HsSOi.     Diameter  of  iron  wire,  a77o  mnu 
25  mmL  wire  exposed.    The  wire  had  previously  been  rendered  passive  two  or  three 
times.    Several  successive  determinations  on  the  same  section  of  wire  gave  exactly^ 
similar  results.    Throughout  the  work  the  external  resistance  was  not  changed. 

Time  in  seconds o      3     10     17       32       75     85     95     105  no  117  120 

Current  milliamps 59     58    57     56V1  S^V*  56     56    55V»  55     54    53     46Va 
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The  theoretical  explanations  of  passivity  are  numerous  and  varied, 
bat  for  the  sake  of  brevity  their  historical  review  must  be  omitted,  as 
wen  as  the  discussion  of  the  principal  phenomena.^  However,  in  con- 
sidemtion  of  the  seven  factors  mentioned  at  the  opening  of  this  paper,  and 
in  view  of  the  potential  relations  above  detailed,  a  brief  theoretical  state- 
ment now  appears  to  be  in  order. 

It  seems  to  the  authors  that  there  is  no  general  explanation  of  passivity 
but  that  the  loss  of  activity  is  dependent  upon  the  conditions,  and  that 
the  explanation  of  the  mechanism  of  the  reaction  will  not  come  at  one 
step  by  the  announcement  of  an  all-embracing  hypothesis.  Iron  anodes 
in  sulfiuic  add  behave  differently,  depending  upon  the  circumstances. 
This  has  been  pointed  out  by  Schulze,^  who  says  that  in  "dilute  sulfuric 
add  iron  shows  passivity;  in  concentrated  acid,  valve  action;  in  inter- 
mediate concentrations  an  unstable  valve  action  succeeded  by  passivity." 
The  nature  of  valve  action  is  made  dear  by  the  behavior  of  aluminium, 
in  that  when  used  as  an  anode  in  a  suitable  dectrolyte  a  film  of  aluminitun 
aadde  is  formed  and  oxygen  is  evolved.  The  film  is  at  first  so  thin  that  it 
is  invisible  but  gradually  builds  up  to  a  light  gray  coating  pierced  by  very 
nmnerous  holes  of  microscopic  size.  This  film  absorbs  about  5%  of  the 
current,  the  rest  being  used  in  the  formation  of  the  oxygen  which  escapes. 
The  work  and  condusion  of  Schulze,  although  bearing  largely  on  valve 
action,  throw  interesting  and  valuable  light  on  the  problem  of  passivity. 
The  objection  is  often  raised  that,  as  in  the  case  of  iron,  it  is  difficult  to 
understand  how  oxide  or  hydroxide  coatings  exist  in  the  presence  of  an 
add  dectrolyte.  Let  us  consider  the  case  of  a  metal  used  as  an  anode 
and  it  is  readily  seen  that  there  is  no  objection  to  the  assumption  that 
the  surface  of  the  metal  itself  is  in  contact  with  a  neutral  or  QltfaKti*> 
medium,  for  since  the  anode  is  positivdy  charged  the  hydrogen  ions  which 
bear  a  charge  of  like  sign  would  be  repelled,  and  their  concentration 
materially  reduced,  in  the  zone  of  contact  between  the  dectrolyte  and  anode. 
On  the  other  hand,  negative  ions  would  be  attracted  and  increase  the 
possibility  of  primary  anionic  discharge.  The  relations  of  iron  to  sulfuric 
add  are  very  complex,  and  it  will  be  suffident  to  outline  the  condusions 
arrived  at  with  respect  to  the  mechanism  of  the  establishment  of  passivity 
in  iron  when  used  as  an  anode  in  0.2  N  sulftuic  add,  and  under  the  specific 
conditions  which  have  been  maintained  throughout  the  experimental 
work.  There  is  little  doubt. but  that  we  are  concerned  with  surface 
conditions  in  our  study  of  passivity.  The  potential  curve  shows  that 
what  occurs  when  passivity  is  established  is  a  two-process  change.  The 
external  current  curve  agrees  with  this. 

*  For  a  complete  discussion  see  Trans.  Faraday  Soc.,  19x4;  Byers,  This  Journal, 
30,  1718  (1908);  Heathcote,  J.  Soc,  Chem.  Ind.,  26,  899  (1907). 
'  Trans.  Faraday  Soc,,  igi4» 
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Let  US  now  consider  a  reaction  mechanism  that  would  aooount  for  these 
changes.  (See  Fig.  4.)  The  ordinary  facts  of  electrode  potentials  show 
that  metals  can  and  do  form  ions  directly  so  that  with  our  iron  anode  it 
is  very  probable  that  there  is  an  equilitnium  between  the  metal  and  its 
ions.  There  is  also  evidence  that  the  anions  may  be  attracted  to  the 
surface  of  the  anode  and  discharge  directly  on  the  iron  to  form  free  SO4 
radicals.    These  latter  may  react  directly  with  the  metal  to  form  ferrous 
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sulfate,  or  may  react  with  water  to  form  oxygen  atoms.  The  oxygen 
atoms  will  react  with  the  iron  to  form  insoluble  ferrous  oxide  or  unite 
to  form  molecular  oxygen.  The  equilibrium  relaticxis  are  shown  dia* 
grammatically  in  Pig.  4.  Ferrous  oxide  is  used  in  the  equilibrium  diagram 
to  represent  the  initial  step  in  the  process  of  passivification,  because 
this  is  the  simplest  assumption. 

At  the  moment  that  the  iron  becomes  an  anode  the  greater  part  of  the 
current  is  carried  by  means  of  iron  ions  entering  the  solution.  But  some 
anions  are  discharged  directly  on  the  surface  of  the  iron  and  thus  carry 
part  of  the  current.  These  discharged  ions  can  react  with  the  iron  to 
form  ferrous  sulfate,  or  with  the  water  to  form  atomic  oxygen,  which  in 
turn  can  form  ferrous  oxide  or  oxygen  molecules.  In  the  latter  case  the 
solution  would  eventually  become  saturated  with  oxygen  and  the  gas  would 
escape.  But  the  formation  of  bubbles  against  an  external  pressure  is 
a  process  that  requires  energy,  and  it  seems  that  so  long  as  the  free  iron 
is  readily  available  it  requires  less  work  to  form  the  very  insoluble  ferrous 
oxide.  However,  the  more  oxide  that  is  formed  the  less  free  iron  is  avail- 
able and  more  sulfate  ions  are  primarily  discharged,  so  that  the  con* 
centration  of  free  oxygen  atoms  would  be  so  increased  that  the   equi- 
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fibritim  would  be  changed  to  the  direction  of  the  formation  of  oxygen 
mdectdes  in  solution.  On  saturation,  if  the  intensity  of  the  reaction  is 
sufficient,  gas  will  form  and  the  electrode  become  covered  with  a  fihn  of 
oxygen,  the  high  resistance  of  which  accounts  for  the  last  final  drop  in 
the  potential  and  current  curves.  On  account  of  the  surface  tension 
this  formation  of  the  gas  film  will  be  quick  and  complete. 

This  hypothesis  fits  the  facts  which  are  characteristic  of  the  behavior 
of  passive  iron  anodes  under  the  conditions  studied.  Particular  attention 
is  called  to  the  strong  confirmatory  evidence  given  by  the  fact,  established 
in  the  previous  research,  thai  dissolved  oxygen  increases  the  speed  with  which 
fassimty  is  established,  but  does  not  materially  affect  the  potential.  With 
the  high  oxygen  pressures  the  equilibrium  conditions  are  made  more  favor- 
able for  the  formation  of  the  ferrous  oxide  and  for  the  formation  of  the 
oxygen  film.  The  fact  that  stirring  retards  the  establishment  of  passivity 
is  in  perfect  accord  with  the  explanation  given,  for  it  certainly  would  tend 
to  tear  off  the  film  of  oxide,  thus  keeping  fresh  iron  constantly  exposed. 
However,  after  the  passivity  has  been  once  established,  the  tendency 
of  stirring  to  destroy  the  condition  would  be  reduced  to  a  minimum  by 
the  tendency  of  surface  tension  to  keep  the  gas  film  intact.  The  re- 
establishment  of  activity  occurs  when,  after  the  external  current  has  been 
stopped,  the  gas  film  becomes  ruptured  in  any  way.  Then  the  iron  and 
oxide  layers  are  in  relation  to  each  other  very  much  as  in  a  short-circuited 
cell  and  the  activification  occurs  almost  at  once.  The  retarding  influence 
of  higher  temperatures  offers  no  difficulty.  The  fact  that  very  low  cur- 
rent densities  do  not  passivify  is  not  surprising  in  view  of  the  equilibrium 
conditions  which  have  to  be  established.  It  is  here  unnecessary  to  re- 
view all  of  the  facts  of  passivity  of  iron  to  show  that  they  accord  with 
the  explanation  offered. 

Sununary* 

The  work  previously  done,  in  which  seven  critical  factors  bearing  on 
passivity  were  established,  has  been  extended  to  a  study  of  the  electro- 
motive behavior  of  polarized  passive  electrodes. 

A  special  modified  calomel  cell  for  working  at  high  pressures  is  de- 
scribed. 

On  application  of  gaseous  pressures,  anodes  of  passive  iron,  or  any  other 
metal  anode  from  which  oxygen  was  being  evolved,  became  more  electro- 
positive and  cathodes  more  electronegative.  The  change  was  a  function 
of  the  mechanical  pressure  and  not  of  the  degree  of  saturation  of  the 
electrolyte  with  dissolved  gas. 

Measurements  of  the  variations  of  polarizing  current  and  of  anodic 
potential  during  the  process  of  passivification  gave  curves  which  indi- 
cated that  passivification  was  here  a  two-process  operation. 

It  is  pointed  out  that  there  is  no  one  general  explanation  of  passivity. 
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but  rather  that  in  each  case,  the  loss  of  activity  is  dependent  upon  the 
conditions. 
A  theoretical  explanation  is  offered  for  the  conditions  studied. 

SVATTUI,  WAeHZMOTOlf. 


NOTE. 

A  Simple  Bath  Used  for  the  Solution  of  Samples  in  an  Ozygen-free 
Atmosphere. — ^The  apparatus  here  described  has  for  its  application  the 
solution  of  materials  requiring  heat  in  the  absence  of  air.  If  a  non- 
aqueous bath  is  desired  it  should  be  planned  on  smaller  dimensions  to 
avoid  undue  loss  of  liquid  used. 

An  eight-inch  porcelain  evaporating  dish  is  used  for  the  bath.  (See 
Fig.  I.)  In  the  evaporating  dish  are  placed  some  glass  beads  and  a  five- 
indi  porcelain  desiccatra*  plate  having  under  supports.  On  this  plate  is 
placed  a  heavy  circular,  square  or  triangular  glass  rod  support  for  the 
dish  which  is  to  contain  the  sample.  This  support  holds  the  dish  in  posi- 
tion. (A  small  porcelain  desiccator  plate  can  be  inverted  and  used  for 
the  same  purpose,  the  supports  serving  as  points  which  partially  enclose 
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and  support  the  dish.)  Over  the  plate  is  mverted  a  six-inch  funnel, 
inik  stem  cut  off »  which  extends  down  into  the  evaporating  dish  to  a  suffi- 
cient extent  to  form  a  trap  when  a  Uquid  is  poured  into  it  The  Uquid  to 
be  used  is  selected  for  the  particular  purpose  at  hand,  viz.,  water,  a  salt 
solution,  an  add  such  as  sulfuric  add  or  a  nonaqueous  solvent.  Ordi- 
narily the  point  to  be  considered  is  the  adjustment  of  the  atmosphere 
and  temperature  to  suit  the  purpose  of  the  experiment. 

For  the  determination  of  ferrous  iron  in  a  silicate,  a  platintmi  dish  is 
used  as  the  inner  container  to  hold  the  sample  to  be  analyzed  and  a  plat- 
inum rod  is  extended  through  the  funnel  into  the  dish.    This  rod  is  used 
for  stirring  and  for  the  addition  of  hydrofluoric  and  sulfuric  or  hydrochloric 
adds.    Phosphoric  add  (i  -.2)  is  used  as  the  solution  to  form  a  trap  and 
also  to  furnish  steam.    Suffident  solution  should  be  added  to  cause  part 
of  the  platinum  dish  to  be  immersed.    The  advantage  of  phosphoric 
add  is  that  it  elevates  the  boiling  point  of  the  water  to  such  an  extent 
that  the  solution  contained  in  the  platinum  dish  is  heated  much  hotter 
than  with  water  alone,  also  as  more  and  more  steam  is  evolved  the  phos- 
phoric add  becomes  more  and  more  viscous,  still  forming  a  trap  and  evolv- 
ing steam  which  keeps  out  the  air,  yet  no  crystallization  occurs  as  in  the 
case  with  many  salt  mixtures.    The  bath  is  heated  by  a  direct  flame 
or  by  an  dectric  hot  plate.    Hot  water,  from  which  any  dissolved  gases 
have  been  removed  by  boiling,  can  be  easily  added  to  replenish  the  water 
lost  by  evaporation,  a  steady  flow  of  steam  being  maintained  without 
difficulty  and  a  uniform  heat  obtained  until  the  sample  is  thoroughly  de- 
composed.   However,  with  proper  adjustment  of  volume  of  solution 
added  at  the  beginning,  and  with  proper  intensity  of  boiling  no  addition 
of  water  is  necessary  during  a  heating  period  of  an  hour  or  even  longer. 
After  the  sample  is  compktdy  decomposed  it  is  analyzed  according  to  any 
reliable  method  for  the  determination  of  ferrous  iron.^    Air-free  water 
should  be  used  to  dilute  the  solution  and  care  should  be  exercised  to  avoid 
oxidation  of  the  iron  by  the  oxygen  of  the  air. 

This  apparatus  is  simple,  requires  no  accessories  not  available  in  any 
ordinary  laboratory,  and  is  easily  adapted  to  particular  temperatures  by 
proi>er  selection  of  boiling  point  mixtures.  O.  L.  Barnbbby. 

Vtnvuwtant  09  Wiscoiiaor. 
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THE  OXIDATION  OF  BTHYL  ALCOHOL  BY  MEANS  OF  POTAS- 
SIUM PERMANGANATE. 

By  Wxluam  Lloyd  Bvans  and  Jssss  £.  Day. 
Received  December  7,  1915. 

IDuring  the  early  part  of  the  latter  half  of  the  last  century,  it  came  to 
be  recognized  that  the  character  of  the  oxidation  products  of  both  organic 
>  See  Barnebey,  Tms  Journal,  37,  14B1,  1829  (i9i5)> 
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and  inorganic  substances,  with  potasstmn  pennanganate  as  the  ooddizing^ 
agent,  was  partially  dependent  upon  whether  the  reaction  took  place  in 
add,  neutral  or  alkaline  media.  P^an  de  Saint-Gilles^  was  among  the  first 
to  observe  this  fact.  In  working  with  a  number  of  organic  compounds, 
he  obtained  varied  products,  the  most  common  of  which  were  formic, 
carbonic,  acetic  acids,  etc.  A  few  3rears  later,  Chapman  and  Smith^ 
in  their  experiments  on  the  action  of  an  aqueous  solution  of  potassium 
permanganate  upon  ethyl  alcohol,  f oimd  that  small  quantities  of  acetalde- 
hyde,  acetic  and  oxalic  adds  were  formed,  together  with  small  quantities^ 
of  other  compounds.  They  furthermore  found  that,  if  the  potassium  per- 
manganate solution  was  rendered  strcmgly  alkaline  with  potassium  hy- 
droxide, ndther  acetaldehyde  nor  acetic  add  were  produced.  "If  the  solu- 
tions were  used  hot,  oxalic  add  was  the  prindpal  product;  if  cold,  various, 
other  adds,  probably  identical  with  those  obtained  by  Debus  in  his  oxi- 
dation of  alcohol  by  nitric  add,  were  produced."  It  so  happens  that  the 
work  of  these  two  men  is  nonreprodudble  as  they  incorporated  no  tangible 
data  into  their  paper. 

Since  that  time  similar  experiments  with  ethyl  alcohol  have  been  carried 
out  by  different  investigators,  the  results  of  which  are  not  in  complete- 
harmony  with  each  other.  With  but  one  exception'  acetic  add  has  been 
found  in  every  case.  Chapman  and  Smith  obtained  oxalic  add  as  a  re- 
actiot;  product  when  a  neutral  potassitun  permanganate  solution  was 
employed,  while  others  found  it  only  when  using  an  alkaline  solution  of 
the  permanganate.  Voisenet'  detected  traces  of  formaldehyde  as  another 
reaction  product.  According  to  the  results  of  Foumier*  an  acetic  add 
yidd  of  about  50%  of  the  theoretical  amount  is  possible  when  a  stronj^y 
alkaline  solution  of  permanganate  is  employed.  He  obtained  analogous, 
remits  yntb.  propyl,  butyl  and  isobutyl  alcohols,  when  oxidizing  them  under 
similar  conditions.  In  the  case  of  ethyl  alcohol  he  did  not  determine  the 
character  and  amounts  of  the  remaining  50%  of  the  oxidation  products^, 
except  to  note  that  if  acetaldehyde  and  ethereal  salt  were  formed,  they 
were  in  very  small  amounts.  Recently,  Denis*  carried  out  two  experi- 
ments on  the  behavior  of  ethyl  alcohol  towards  potassium  permanganate, 
(i)  in  cold  neutral  aqueous  solution  and  (2)  in  cold  strongly  alkaline  aqueous^ 
solution.  In  the  first  instance  she  found  acetic  add  to  be  the  sole  re* 
action  product.  "When,  however,  potassium  hydroxide  was  present  in 
excess,  acetic  add  was  still  the  prindpal  product,  but  carbonic  and  oxalic- 
adds  were  also  formed — in  larger  amount  the  greater  the  concentration. 
^  Compt.  rend,,  46,  808-1 1  (1858). 

*  /.  Chem.  Soc.,  20,  301-3  (1867). 
'  Chapman  and  Smith,  Loc,  cit. 

*  Compt.  rend.,  150,  40-3  (1910). 
*Ibid.,  144,331-3  (1907;. 

*  Am,  Chem.  J.,  38,  564  and  569-71  (1910). 
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of  the  caustic  aDcaU  used."  In  this  coonectioii,  the  recent  observations 
of  Witzemann^  on  the  oxidation  of  ghieose,  are  of  great  interest  In 
makhig  a  study  of  the  action  of  neutral  potasshun  permanganate  towards 
ethyl  alcohol,  Morawsky  and  Stingl*  obtained  nothing  but  acetic  add. 
From  their  work  on  the  effect  of  temperature,  they  concluded  that  in- 
crease in  temperature  merely  promoted  the  rate  of  reaction. 

P^an  de  Saint-GiUes*  beUeved  that  the  temperature  was  also  an  un- 
portant  factor  which  might  influence  the  character  and  amounts  of  the 
reaction  products. 

Hemmehnayr,^  in  his  work  on  the  oxidation  of  soditun  ethylate  by 
the  oxygen  of  the  air  at  ordinary  temperature,  obtained  an  add  distillate 
on  the  distillation  of  the  oxidation  mixture  with  sulfuric  add.  But  at 
a.  temperature  of  Ioo^  a  small  amount  of  carbon  dioxide  was  formed, 
and  at  200  %  traces  of  oxaUc  add  were  evident  as  a  product  additional  to 
the  other  two  adds.  The  amounts  of  the  two  latter  substances  were 
<x>nsiderably  increased  at  210^.  The  add  distillate,  on  analysis,  proved 
to  be  composed  of  formic  and  acetic  adds.  His  results  with  sodium  ethylate 
have  been  verified  by  Nef .' 

Hitherto,  definitdy  chosen  conditions  have  not  been  used  in  much  of 
the  experimental  work  on  the  oxidation  of  organic  compounds  by  diemical 
substances.  Among  some  of  the  exceptions  to  the  above  statement  should 
be  induded  the  work  of  Heimrod  and  Levene*  on  ''Oxidation  of  Aldehydes 
in  Alkaline  Solution"  and  that  of  Kastle  and  Loevenhart  on  the  "Oxida- 
tion of  Formaldehyde  by  Hydrogen  Peroxide."^  No  complete  systematic 
study  has  been  made,  from  the  standpoint  of  the  effect  of  temperature  and 
the  concentration  of  alkali,  on  the  character  and  relative  amounts  of  the 
oxidation  products  formed  when  ethyl  alcohol  is  oxidized  by  means  of 
potassiimi  permanganate  in  neutral  and  alkaline  media.  Nef'  records 
the  fact  that  in  the  oxidation  of  many  carbohydrates  in  alkaline  solutions, 
the  amount  of  lactic  acid  formed  varies  in  a  remarkable  way,  with  the 
•concentration  of  the  caustic  alkali  used.  In  view  of  these  facts,  this  wcn-k 
was  undertaken  with  the  intention  of  ascertaining  the  nature  of  the  above- 
mentioned  relationships.  It  is  the  aim,  at  present,  to  continue  in  this 
laboratory,  a  study,  at  given  temperatures,  of  the  oxidation  of  many  or- 
:ganic  compounds  by  means  of  potassium  permanganate  in  the  presence  of 
■YBTjing  concentrations  of  alkali. 

1  Tms  JouKNAt,  38, 151-161  (1916). 
<  /.  prakt.  Chem.,  z8,  82-3  (1878). 
»  Ann.  ckim,  phys,,  b]  5S,  375  (1859). 
«  MamUs.  Chem.,  12,  155-7  (1891). 
»  Ann.,  3x8,  177  (1901). 

•  Biochem.  Z.,  29,  31-59  (1910). 
^  Tms  Journal,  2z,  262  (1899}. 

•  Ann,,  357,  215,  compare  Ann.,  357,  258(1907). 
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Mr.  H.  B.  Adkins  is  now  engaged  in  a  study  of  acetaldehyde  under  known 
conditions,  with  a  view  of  correlating  his  results  with  these  on  ethyl  alcohoL 

Experimental  Part. 

Methods  of  Analysis. — Ordinary  qualitative  methods  were  employed 
in  the  detection  of  carbonic,  acetic  and  oxalic  acids.  The  presence  or 
absence  of  formic  acid  was  determined  by  using  a  modification  of  the 
Jones  method  on  the  neutralized  acetic  acid  distillate,  by  making  it  alka- 
line with  i.o  g.  of  sodium  carbonate  and  adding  potassium  permanganate 
solution  of  known  strength  until  a  pink  color  in  moderately  warm  solution 
was  obtained.^ 

The  quantitative  determination  of  carbon  dioxide  was  made  by  means 
of  the  Foulk^  apparatus.  A  known  portion  of  the  solution  under  analysis 
was  treated  with  the  proper  amount  of  hydrochloric  acid  and  the  carbon 
dioxide  evolved,  after  having  been  conducted  through  a  well-cooled 
condenser  and  the  appropriate  drying  agents,  was  absorbed  by  a  caustic 
potash  solution.  A  correction  was  apphed  for  the  amotmt  of  carbon  di- 
oxide contained  in  the  potassium  hydroxide  employed  in  the  oxidations. 

An  ahquot  part  of  the  solution  containing  the  oxidation  products  was 
employed  in  ascertaining  the  amount  of  oxalic  acid  present.  The  por- 
tion was  first  shghtly  acidulated  with  acetic  add,  then  made  slightly  alka- 
line with  ammonium  hydroxide,  after  which  the  soluble  oxalate  was  con- 
verted to  the  insoluble  oxalate  by  me^s  of  calcium  acetate  in  hot  solu- 
tion. This  precipitate,  after  being  filtered  and  washed,  was  titrated 
against  standard  potassium  permanganate  solution  in  the  presence  of 
sulfuric  add  in  the  usual  manner. 

The  acetic  add  was  determined  by  the  well-known  method  of  Stilwen 
and  Gladding  as  modified  in  this  laboratory  by  Withrow  and  Fritz.* 
A  portion  of  the  original  solution,  to  which  had  been  added  an  excess 
of  sirupy  phosphoric  add,  was  distilled  in  a  vacuum  apparatus. 
The  distillate  was  titrated  with  a  potassium  hydroxide  solution  of  known 
value,  with  phenolphthalein  as  the  indicator.  In  each  case  a  correction 
was  made  for  the  volatile  adds  contained  in  the  amotmt  of  phosphoric 
add  used.  It  was  observed  in  making  these  distillations,  that  when  the 
amount  of  potassium  hydroxide  present  was  large,  a  much  larger  excess 
of  the  phosphoric  add,  over  that  required  for  the  neutralization  of  the 
alkaU,  was  necessary  in  order  to  distill  the  last  portions  of  the  acetic  add. 

Absolute  alcohol  was  employed  in  this  series  of  oxidations.     It  was 

dehydrated  by  means  of  calcium  oxide  and  anhydrous  copper  sulfate  in 

the  customary  way.     Each  Uter  of  the  standard  solution  contained  92.096 

g.  of  the  water  free  alcohol  (b.  p.  =  77-77.5**  C),  which  was  a  2  molar 

^  Compare:  This  Journal,  34,  1091  (1912). 

*  Foulk,  "Notes  on  Quantitative  Chemical  Analysis,"  p.  222,i9i4ed. 
'  See  thesis  for  M.A.  by  Howard  Fritz,  this  laboratory. 
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or  9.21%  solution.  The  specific  gravity  of  the  aqueous  solution  at  20^ 
was  0.9847. 

Each  oxidation  was  carried  out  in  the  following  manner:  Thirty 
grams  of  crystallized  potassium  permanganate  were  placed  in  a  wide- 
mouth,  two  liter  balloon  flask  containing  1000  cc.  of  water  which  pfe- 
viously  had  been  boiled  free  from  carbon  dioxide.  In  case  of  alkaline  solu^ 
tions,  the  desked  amount  of  caustic  potash  (purified  by  alcohol)  was  then 
'  added.  The  flask  was  immediately  closed  by  a  rubber  stopper  into  which 
was  fitted  a  mechanical  stirrer,  a  25  cc.  pipet  and  a  piece  of  ordinary  size 
glass  tubing.  The  dosed  vessel  was  next  clamped  in  position  in  a  thermo- 
stat which  was  kept  at  50^.  When  the  temperature  of  the  contents  of  the 
flask  and  that  ot  the  surrounding  bath  were  at  the  desired  value  and  while 
the  mixture  was  in  complete  agitation,  the  alcohol  solution  (strength  » 
9.21%) .  was  slowly  admitted,  drop  by  drop,  until  the  reduction  of  the  per- 
manganate was  complete.  The  determination  of  the  end-point  was  made 
without  difficulty  by  drawing  a  portion  of  the  reaction  mixture  into  the 
pipet,  where,  after  the  subsidence  of  the  precipitated  hydrated  manganese 
dioxide,  the  observation  could  be  made.  In  the  majority  of  cases  the  end- 
point  was  passed  to  a  slight  extent,  which  made  it  necessary  to  add  solid 
permanganate  until  a  slight  permanent  color  was  attained  which  was  gener- 
ally discharged  within  twenty-four  hours.  The  color  desired  in  the  case  of 
alkaline  solution  was  a  very  pale  green  and  in  the  neutral  solution,  was  9 
delicate  pink.  The  reaction  mixture,  after  being  filtered  in  a  specially 
Gonstructed  carbon  dioxide  free  apparatus,  was  made  up  to  ^  yolume 
of  2000  cc.  and  then  analyzed. 

The  results  obtained  from  a  series  of  nine  such  oxidations  can  be  ob? 
served  in  the  tabular  data  and  also  as  represented  in  the  form  of  curves 
3hown  in  Figs,  i  and  2.    In  Fig.  i  is  the  curve  representing  the  number 
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of  grams  of  absolute  alcohol  that  is  required  to  completely  reduce  a  constant 
amotmt  of  potassium  permanganate  (30  g.)  as  the  concentration  of  the 
alkali  was  increased.    Beyond  an  alkalinity  of  about  175  g.  per  liter 
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of  water^  an  increased  amount  of  the  potassium  hydroxide  had  prac- 
tically no  further  effect  on  the  amount  of  alcohol  necessary  to  bring  about 
complete  reduction.  It  becomes  self-evident  that  the  alcohol  curve  in 
reversed  position  would  be. the  curve  for  variable  permanganate  with 
constant  alcohol.  The  curves  showing  the  amounts  of  the  oxidation  pro- 
ducts in  Pig.  2  were  plotted  on  the  latter  basis,  i.  e»,  a  ccmstant  quantity 
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of  alcohol  (5  g.).  Such  a  course  carried  with  it  the  necessity  of  pro- 
portionally increasing  or  decreasing  the  amount  of  potassium  hydroxide 
actually  used,  depending  upon  whether  the  amount  of  alcohol  required 
was  greater  or  less  than  5  g.,  so  that  the  corresponding  concentration  of 
the  alkali  might  be  maintained.  To  be  more  explicit,  take  e.  g.,  the  case 
of  Expt.  4  where  4.37  g.  of  alcohol  were  actually  oxidized.  In  order 
to  oxidize  5  g.  of  alcohol  it  would  have  been  necessary  to  increase  the 
potassitun  permanganate  to  34.3  g.,  the  potassium  hydroxide  from  21.3 
to  24.4  g.  and  the  amount  of  water  from  1000  to  1144  cc. 

An  error  is  introduced  when  the  amount  of  potassium  permanganate 
used  is  greater  than  30  g.  If  the  quantity  of  alcohol  is  less  than  5  g., 
then  the  amount  of  alkaU  requisite  for  5  g.,  as  computed  above,  will  lie 
to  the  left  of  the  curve.  This  error  systematically  increases  with  the  ex- 
cess of  the  potassium  permanganate  which  is  needed  to  return  to  the  end- 
point  when  it  has  been  passed  by  the  addition  of  a  superfluous  amount 
of  alcohol.  The  above  is  true  largely  for  solutions  having  values  of  al- 
kalinity represented  by  any  point  in  the  bend  of  the  curve. 

It  will  be  noticed  in  Fig.  2  that,  in  the  case  of  the  absence  of  added 
caustic  potash,  a  small  amotmt  of  carbonic  acid  was  found.  The  lowest 
concentration  of  potassium  hydroxide  employed  was  0.53%  and  at  this 
value,  oxalic  add  was  found  in  addition  to  the  other  products.  At  present 
we  do  not  know  from  experiment,  in  the  case  of  alcohol,  the  lowest  exact 
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concentration  erf  potassium  hydroxide  necessary  for  the  formation  of  the 
latter  named  add.  For  acetaldehyde,  McLeod'  has  found  that 
vinyl  alcohol  molecules  are  present  in  the  aqueous  solution  ot  the  aldehyde 
as  soon  as  the  concentration  of  the  alkali  is  above  o.i%.  In  the  case  of 
alcohol,  as  the  amount  of  potassium  hydroxide  was  increased  to  about 
250  g.,  the  oxalic  and  carbonic  adds  simultaneously  increased,  although  at 
different  rates.  Beyond  this  concentration  of  potassium  hydroxide,  the 
curves  become  practically  straight  lines,  paralld  to  the  X-axis.  It  re- 
qttired  two  drops  of  potassium  permanganate  solution  (strength  »  0.089 
AO  to  give  a  ^ght  permanent  color  to  the  distillate  containing  acetic  acid 
when  it  had  been  previously  made  alkaline  with  sodium  carbonate.  This 
may  be  taken  as  an  indication  of  a  mere  trace  of  dther  formic  add  or 
formalddiyde  or  both.  The  total  amount  of  alcohol  recovered  as  oxida- 
tion products,  in  some  instances,  was  slightly  .higher  than  that  demanded 
by  theory,  but  this  was  undoubtedly  due  to  the  absorption  of  slight  amounts 
of  carbon  dioxide  during  the  process  of  oxidation. 

Series  of  experiments  at  25^  and  75^  will  be  completed  within  a  short 
time  and  it  is  hoped  that  an  early  report  of  the  same  will  be  made  in  This 
JouKNAL.    We  hope  to  present  a  discussion  of  our  results  at  that  time. 

Tabls  I. 

Actually  fovnd  with 
proper  correction  for  COi 


CtHiOH 
calc. 

and  CHsCOOH  (srams). 

ActuaUy  used  (gruis). 
KUnO*.    KOH.  CiHiOH 

for        CO..  (COOH).. 
30  ft.      Ave.  of    Ave.  of 
KlinOi.  two.         two. 

CHtCOOH.     Calc.  for  5  g.  alcohol  (ffmvs). 

Ave.  of     . * 

two.       KOH.        COi.  (COOH)s.  CHtCOOH. 

31.  iS 

None 

6.17 

5.94 

0.088 

None 

7.400 

None 

0.071 

None 

6.000 

30.00 

5.3 

5.02 

5.02 

0.632 

0.975 

5.228 

5.3 

0.629 

0.951 

5  207 

30.41 

10.7 

4.83 

4.76 

0.768 

I  259 

4  873 

II. 2 

0.795 

1.303 

5  044 

30.00 

21.3 

4-37 

4.37 

0.828 

1.700 

4.042 

24  4 

0.947 

1  959 

4.624 

30.27 

43.6 

4.07 

4.04 

1.058 

1.996 

3.356 

52.3 

1.300 

2.451 

4. 121 

30.30 

83.2 

3.65 

3.61 

1.269 

2.195 

2.564 

112. 1 

1.737 

3.000 

3.512 

30.00 

170.4 

3.34 

3.34 

1. 184 

1.999 

2.  no 

258.1 

1.772 

2.992 

3.519 

31.97 

255.6 

3.51 

3.29 

1.307 

2.077 

2.198 

388.4 

1.863 

2.959 

3.131 

35.38 

340.8 

3.89 

3.28 

1.335 

2.370 

2.440 

579  3 

1. 716 

3.049 

3  139 

CoLUMBva.  0. 
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While  working  in  cooperation  with  Professor  Treat  B.  Johnson  on  an 
investigation  dealing  with  the  relationship  between  chemical  constitution 
*  Am,  Chem.  J.,  37,  24  (1907). 
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and  the  therapeutic  action  of  certain  organic  bases,  the  writers  were  as- 
signed the  problem  of  sjmthesizing  several  N-substituted  derivatives  of 
j9-phenyletbylamine.  Certain  aromatic  representatives  of  this  dass  of 
compounds  were  desired  in  order  to  compare  their  pharmacological  ac- 
tivity with  that  of  j3-phenylethylamine  (I)  and  its  p-hydraxy  derivative, 
namely,  ^hydroxyphenylethylamine  or  tyramine  (II). 

CeHeCHjCHjNHa  HOC«H4CH2CH,NH« 

(I).  (11). 

As  is  well  known,  both  of  these  two  bases  (I  and  II)  are  phy^ologically 
active  and,  when  injected  subcutaneously,  cause  an  increase  in  the  blood 
pressure  of  the  organism  and  also  produce  a  sti^ong  contraction  of  the 
uterus. 

.  We.now  give  a  description  in  this  paper  of  the  preparation  and  properties 
of  five  biases  of  this  type,  :(¥hich  have  been  incorporated  in  our  work, 
namely:  benzylpbenylethylamine  (IV),  p-methoxybenzylphenylethylamine 
(X),  />-hydroxybenzylph«iylethylanune  (VIII),  o-hydroxybenzylphenyl- 
ethylamine  (VI),  and  3-methoxy-4-hydroxybenzylphenylethylam]ne  (XII). 
These  wore  all  prepared  by  reduction,  with  sodium  and  alcohol,  of  their 
correspiMiding  Schiff  bases,  which  were  obtained  by  condensation  of 
/9-phenylethylamine  (I)  with  the  proper  aromatic  aldehyde. 

CeH^CHjCH^  :  CHCHj  — ►  QHftCHjCHjNHCHjCeHs 

(III).  (IV). 

C«H»CHiCH,N  :  CHCHiOH  {0)  — ►  C«H6CH,CHaNHCH,C«H40H  {o) 

'  (V).  (VI). 

CeHftCHjCHjN  :  CH.C«H4.0H  {p)  — ►  C«HfiCH,CH,NHCH,C«H40H  {p) 

(VII).  (VIII). 

CjaicHjCHtN  :  CHC«H4(0CHs)  {p)  — ► 
(IX). 

QflsCHtCHaNHCHtCHiOCHi  ifi) 
(X). 
C«HiCH,CH,  :  NCHCeHs(OCHs)(OH)  — ► 
(XI). 

CeH6CH,CH2NH.CH,CeH,(OCHa)(OH) 
(XII). 
Of  these  representatives  of  the  two  series,  only  (III),  (IV)  and  (XI)  have 
hitherto  been  described.    Benzalphenylethylamine  (III)  was  apparently 
first  prepared  by  Walpole  and  Barger.^    They  gave,  however,  no  de- 
scription of  its  properties  and  assigned  to  it  a  melting  point  which  we 
were  unable  to  confirm.    The  SchiflF  base  (XI)  has  been  described  by 
Decker   and   Becker,*   and   the    alkyl    amine    benzylpbenylethylamine 
(IV),  was  prepared  by  Fischer.*    The  Schiff  bases   (III),   (V),    (VII), 
*  /.  Chem,  Soc.f  95,  1723  (1909). 
«  Ann.,  395,  367  (1913). 
»  Ber.,  29,  211  (1896). 
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(IX)  and  (XI)  were  all  solids  and  stable  at  high  temperatures  in  the  atn 
sence  of  water.  The  amines  (III)  and  (IX)  were  distilled  under  diminished 
pressure  without  decomposition.  The  ^hydroxybensal  derivative  (VII) 
was  characterized  by  its  high  melting  pcnnt  (190^)  which  was  145^  higher 
than  that  of  the  ^-derivative  (45^). 

The  transformations  from  the  Schiff  bases  to  the  alkyl  derivatives  of 
iriienylethylamine  were  nearly  quantitative  in  the  cases  of  benzylphenyl- 
ethylamine  (IV),  j^methoxybenzylphenylethylamine  (X)  ajad  p-hydroxy- 
benzylphenylethylamine  (VIII).  The  latter  base  is  also  formed  quanti- 
tatively by  heating  its  corresponding  methyl  ether  with  hydriodic  add. 
All  three  of  these  amines  gave  stable  hydrochloric  add  salts  which  were 
characterized  by  their  crystalline  character  and  insolubility  in  cold  water. 
While  o-hydroxybenzalphenylethylamine  and  3-methoxy-4-hydroxy- 
phenylethylamine  undergo  reduction  with  formation  of  their  corresponding 
amines  (VI)  and  (XII),  respectively,  the  jridds,  however,  were  small  be- 
cause part  of  the  Schifif  bases  underwent  a  normal  hydrolysis  with  forma- 
tion of  )3-phenylethylamine  and  the  corresponding  aldehyde. 

Experimental  Part. 

Benz«l-j8-]dienTlethylamina,  C«HtCHs.CHsN  :  CHC«H».— Barger  and 
Walpole^  prepared  this  substance  by  condensation  of  benzaldehyde  with 
phenylethylamine.  The  ccxnppund  was  not  analyzed  by  them,  but  they 
state  that  it  mdts  at  about  70^  and  on  nitration  is  transformed  into  />- 
nitrophenylethylamine,  NOtC«H4CH2CHaNHs.  We  have  prepared  the 
compound  by  the  same  method  and  find  that  it  is  easily  purified  by  dis- 
tillation tmde^  diminished  presstu-e.  Our  base  boiled  at  188-189^  at 
17-19  mm.  pressure  and,  on  cooling,  solidified  in  the  form  of  stout,  colorless 
prisms  which  mdted  sharply  at  41-42^.  The  yidd  of  purified  material 
was  91%  of  the  theoretical. 

Calc.  for  CuHiiN:  N,  6.70.    Found:  N,  6.8. 

Benzyl-igr-phenylethylamine,  CeH6CHsCH8NH.CH2C6H6.— This  base  has 
been  described  by  Fischer^  and  was  prepared  by  two  methods.  It  was 
obtained  from  benzylphenylhydroxyethylamine.  CeH6CH2NH.CH2.CHOH.- 
CeHs  by  reduction  with  hydriodic  add  and  phosphonium  iodide,  and 
also  by  reduction  of  the  Schiflf  base,  phenylethylidenebenzylamine, 
C6H6CH2N  :  CH.CH2C«Hft,  with  sodium  and  alcohol.  The  jridd  by  the 
latter  method  was  25%  of  the  theoretical.  We  find  that  practically  a 
quantitative  yidd  of  the  same  base  is  obtained  by  reduction  of  the  above 
benzal  derivative  with  sodium  and  alcohol.  Our  procedure  was  to  dis- 
solve 15  g.  of  the  unsaturated  compound  in  300  g.  of  absolute  alcohol  and 
then  reduce  the  double  bond  by  slowly  introducing  40  g.  of  metallic  sodium. 
After  the  sodium  had  dissolved  the  alcohol  solution  was  carefully  diluted 
with  water  and  finally  addified  strongly  with  hydrochloric  add.  On 
» Loc.  cU. 
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evaporating  this  solution  the  base  was  obtained  in  the  form  of  its  difficultly 
soluble  hydrochloric  add  salt.  This  crystallized  from  hot  water  in  the 
form  of  gUstening  plates,  which  melted  at  265-266^  to  a  dear  oil  (Fischer 
assigned  264-266^  as  the  mdting  point).  From  15  g.  of  the  Schiff  base 
we  obtained  18  g.  of  the  hydrochloride. 

/>-Methozyben2al-i9-phenyle11iylftmine,C6H5CH2CH2N:CHC6H4.0CH9. 
— This  compound  is  easily  obtained  by  condensation  of  anisic  aldehyde 
with  phenylethylamine.  From  8.1  g.  of  the  amine  we  obtained  13  g- 
of  the  unsaturated  compound  boiling  at  224-225**  at  17  mm.  pressure. 
This  oil  solidified  on  cooUng  to  a  colorless  crystalline  mass  which  melted 
at  34-35**  to  an  oil. 

Calc.  for  Ci«Hi70N:  N,  5.85.    Found:  N,  577. 

p  -  Methoxybenzyl  -  iS  -  phenyletiiylamine,  CeHsCHjCEtNHCHiCeH*.- 
OCHj. — ^Working  under  similar  conditions  as  were  employed  for  the 
preparation  of  benzylphenylethylamine  from  benzalphenylethylamine, 
we  were  successful  in  reducing  the  above  /^-methoxybenzalphenylethyl- 
amine  to  this  base  by  the  action  of  sodium  and  alcohol.  It  was  obtained 
in  the  form  of  its  hydrochloride  which  crystallized  from  hot  water  in  the 
form  of  plates.  They  mdted  at  266-267®  to  a  dear  oil  without  efferves- 
cence.   The  yidd  was  excdlent. 

Calc.  for  CitHitON.HCl:  N,  5.04.    Found:  N»  4.94. 

The  free  base  is  obtained  as  a  colorless  oil  insoluble  in  water  when  the 
above  salt  is  decomposed  with  alkali. 

/^-Hydrozybenzal-iS-phenylethylamme,  CftH^CHsCHsN  :  CHCeHiOH.— 
p-Hydroxybenzaldehyde  'condenses  smoothly  with  phenylethylamine 
at  100^  forming  this  imsaturated  derivative.  It  was  obtained  in  the  form 
of  deep  yellow  crystals  which  separated  from  95%  alcohol  in  yellow 
prisms.  They  mdted  at  188-190®  to  a  dear  oil.  The  base  is  readily 
soluble  in  alcohol  and  difficultly  soluble  in  benzene,  from  which  it  de- 
posits in  clusters  or  burrs  of  light  yellow  prisms.  The  yidd.  of  purified 
material  was  83.0%  of  the  theoretical. 

Calc.  for  CuHiftON:  N.  6.22.    Found:  N,  6.30. 

^Hydroxybenzyl-j9-phenylethylamine,  CeHftCHjCHsNH.CHjCeH*©!!. 
— ^p-Hydroxybenzalphenylethylamine  is  reduced  smoothly  by  sodium 
and  alcohol  using  the  same  proportions  as  previously  given.  The  residue 
obtained,  after  the  reaction  mixture  was  addified  with  hydrochloric  add 
and  the  solution  evaporated,  was  treated  with  just  enough  water  to  dis- 
solve the  sodium  chloride  and  leave  the  hydrochloride  of  the  base  un- 
dissolved. This  salt  was  then  separated  and  purified  by  crystallization 
from  dilute  hydrochloric  add,  in  which  it  was  quite  difficultly  soluble. 
On  cooling,  it  separated  in  leaflets  which  mdted  at  225-226°  to  a  dear 
oil.    The  compound  was  purified  for  analysis  by  recrystallization  from 
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50%  alcohol  and  separated,  on  coQluig»  as  dusters  of  long  prisms.    The 
3field  of  purified  material  was  4.9  g.  or  64.5  %  of  the  theoretical. 
Calc.  for  CuHuONCl:  N,  5^.    Pound:  N,  $.$. 

The  free  base  was  obtained  by  deccHnposing  the  hydrochloride  with 
ammonia.  It  separated  in  a  crystalline  condition  and  erystaffiied  from 
alccAol  in  hexagonal  tables  which  melted  at  135-136^  to  a  dear  oil.  The 
amine  was  moderatdy  soluble  in  ether  and  difScultly  soluMe  in  benzene. 
Nitrogen  determinations  in  the  free  base  after  dtying  over  concentrated 
sulfuric  add: 

Cak.  for  CmHitON:  N,  6.17.    Found:  N,  6.2.  6.3. 

This  same  amine  was  also  formed  by  heating  p-methaxybensyl-/9- 
lrfien3r)ethylaniine  with  hydriodic  add.  Pom*  grams  of  the  methoxy 
compound  were  8n^>ended  in  35  cc.  of  hydriodic  add  and  the  mixture 
boiled  for  one  hour.  Methyliodide  was  evolved  and  a  dear  sdution  was 
obtained.  On  adding  water  to  the  hydriodic  add  solution  the  hydriodide 
separated  in  the  form  of  plates.  The  free  base  was-obtained  by  treatment 
of  this  salt  with  ammonia  and  crystalUaed  from  alcohol  as  hexagonal 
prisms  or  tables  mdting  at  135-136^  This  base  dissolves  in  sodium 
hydroxide  solution  and  responds  to  Millon's  test  for  a  phenol  gxxyup. 
An  attempt  to  prepare  the  hydroxy  base  by  heating  ^methoxybenEyl-jS- 
pbenyletfaylamine  with  hydrochloric  add  was  unsuccessful.  For  ex* 
ampk,  the  ether  was  recovered  unaltered  after  heating  with  conoentraited 
hydrodiloric  add  for  a  hours  at  130-145^. 

i>-H7droxybenxai-/9-idien:^efliylam]ne,  CeHsCHsCHtN  :  CH.C6H4.OH. 
— Eight  grams  of  salicylic  aldehyde  were  mixed  with  an  equivalent  wdght 
of  phenylethylamine  at  ordinary  temperature.  On  standing  there  was 
an  energetic  reaction,  with  evc^ution  of  heat  and  formation  of  water. 
After  heating  at  100^  for  one  hour  to  complete  the  reaction,  this  condensa- 
tion product  was  obtained  as  an  oil,  which  solidified  on  cooling.  It  was 
purified  for  analysis  by  recrystallization  from  hot  alcohol  and  sepamted 
on  cooling' in  the  form  of  yeHow  prisms  mdting  at  45.5^  to  a  dear  oil. 
The  compound  is  very  soluble  in  ether.  The  yidd  was  practically  quanti- 
tative. 

Calc.  for  CuHitON:  N,  6.3.    Pound:  N,  6.2,  6.17. 

o-Hydroxybenzyl-jS-phenyiefliylamine,  C6H5CH8CH2NH.CH2CeH40H. 
— ^Fifteen  grams  of  the  preceding  condensation  product,  dissolved  in 
20  parts  of  absolute  alcohol,  were  reduced  at  the  boiling  temperature  of 
the  alcohol  with  2.5  parts  of  sodium.  After  the  sodium  had  completdy 
dissolved,  the  neariy  colorless  solution  was  cooled,  diluted  with  water  and 
then  combined  with  300  cc.  of  dilute  hydrochloric  add  (i  part  water  to 
I  part  concentrated  add).  On  evaporating  to  dryness  at  100**  a  brown 
oil,  soluble  in  alcohol  and  insoluble  in  ether,  separated  and  was  removed 
mechanically  from  a  crystalline  residue.    This  crystalline  product,  which 
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was  identified  as  the  hydrochloride  of  the  above  amine  (2.7  g.)  mixed  with 
sodium  chloride,  was  triturated  with  cold  water  to  remove  the  sodium 
salt  and  then  purified  as  follows:  The  free  base  was  first  liberated  from 
its  salt  by  treatment  with  ammonia  and  finally  extracted  ¥rith  ether. 
On  saturating  this  ether  solution  with  hydrochloric  add  gas  the  salt  de- 
posited at  once  as  stout  prisms  or  blocks.  These  melted  at  130^  to  a 
dear  oil.  The  salt  is  easily  dissodated  by  heating  and  also  when  wanned 
with  water.    Nitrogen  determination  after  dr3ring  to  constant  weight 

atg?**: 

Calc  for  CuHiiONCl:  N»  5*3*    Found:  K,  5.6. 

Ftom  the  aqueous  acdution  above,  containing  the  soditun  chloride, 
we  recovered  2.5  g.  of  .phenylethylamine^  which  was  formed  by  hydrol3rsb 
of  the  unreduced  Schiff  base.  When  alcohol  containing  i~2%  of  water 
was  used  as  the  solvent,  practically  no  reduction  took  place  by  addition 
of  sodium  and  i^enylethylanune  was  the  only  base  obtained, 

3-Methozy-4-*liTdrozybenzalr  jS-phenyiethyUuninei  C«HiCHsCEbN :  - 
CHCeHs(OCH«)(OH). — ^This  base  was  prepared  by  condensing  vanillin 
with  phenylethylaidine  according  to  the  directions  of  Decker  and  Becker.^ 
In  crystalline  form,  however,  and  also  color  and  mdting  point  our  product 
did  not  agree  with  the  description  given  by  these  investigators.  Our 
compound  separated  from  alcohol  as  stout,  yeUow  columns  or  {Hisms 
whidi  melted  at  112-113^  to  a  dear  oil,  and  the  compound  retained  its 
yellow  color  after  repeated  crystallizations.  Decker  and  Becker  state 
that  then-  product  crystallized  in  colorless  plates  which  mdted  at  io8~ 

X09". 

Calc.  for  CitHirOiN:  N,  5.50.    Found:  N,  5.6, 5.7. 

From  the  alcohoHc  filtrates  left  after  crystallization  of  the  above  com- 
pound a  smaU  amount  (0.3  g.)  of  a  dark  red,  crystalline  substance  was 
obtained,  which  deposited  from  hot  alcohol  in  rectangular  plates.  The 
color  was  not  removed  by  repeated  crystallizations  from  alcohol  and  ben- 
zene. The  compound  melted  at  220-22 1  ^  to  a  red  oiL  It  was  practically 
insolttUe  in  hot  water,  sodium  hydroxide  solution  and  hydrochloric  acid 
and  difficultly  soluble  in  alcohol  and  benzene.  This  product,  which  con- 
tained 8.57%  of  nitrogen,  was  not  examined  further.  This  same  substance 
was  also  formed  during  the  condensation  of  p-hydroxybenzaldefayde 
with  jS-phenylethylamine.  The  quantity  obtained,  however,  was  very 
small  (less  than  0.5  g.). 

3-Methoxy-4-hydroxybenzyl-j9-phenylethylamine,  QHsCHjCHsNH:.- 
CH2CeH3(OCH3)(OH).— When  7.2  g.  of  3-methoxy-4-hydroxybenzal-/3« 
phenylethylamine  were  reduced  with  sodium  and  alcohol  and  treated  in 
a  similar  manner  as  described  under  the  preparation  of  o-hydroxybenzyl- 
jS-phenylethylamine,  3.9  g.,  or  47%  of  the  theoretical  quantity,  of  the 
1  Loc.  cU, 
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hydrochloride  of  the  above  base  were  obtained.  This  salt  crystallized 
from  dilute  hydrochloric  add  as  clusters  of  slender  needles,  which  melted 
at  180^  to  a  colorless  oil. 

Calc.  for  Ci«HmONC1:  N,  4.78.    Pound:  N»  4.73*  4-49* 

In  order  to  obtain  the  free  base  the  hydrochloride  was  decomposed  by 
ammonia  and  the  amine  extracted  with  ether.  After  drying  the  ether 
-solution  over  sodium  sulfate  the  solvent  was  then  evaporated,  when  the 
■amine  was  obtained  as  a  solid.  It  crystallized  from  95%  alcohol  in  the 
iorm  of  needles  and  melted  at  99-100^  to  a  dear  oil.  It  was  dried  for 
analysis  over  concentrated  sulfuric  add. 

Calc.  for  Ci«Hi»OiN:  N,  4.34.    Found:  N,  4.5,  4.6. 

Part  of  the  Schiff  base  underwent  hydrolysis  during  the  above  opera- 
tion and  we  recovered  1.2  g.  of  the  hydrochloride  of  phenylethylamine. 

Nbw  Havbn,  Conn. 
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A  NEW  CASE  OF  TAUTOMERISM:    1,4,5,6-TETRAHTDROXT- 

NAPHTHALENE.' 

By  A.  S.  WBBSunt  amo  V.  C.  BowArnDS. 
Received  December  20,  1915. 

Zincke  and  Schmidt*  reduced  5,6-dihydroxy-a-naphthoquinone  (naph- 
Ubazarine)  witli  stannous  chloride,  obtaining  a  yellow  compound,  melting 
at  154^,  which  they  designated  i,4,5,6-tetraox3maphthalin.  Its  phenolic 
•character  was  indicated  by  the  easy  preparation  of  a  tetracetyl  derivative, 
<x>lorless  prisms  melting  at  277-9^  with  decomposition,  and  also  by  the 
fact  that  its  solutions  show  a  strong  greenish  fluorescence.  A  peculiar 
l)ehavior  of  the  solutions  was  noted  in  that  they  soon  ttum  red  if  exposed 
to  the  air  and  deposit  red  crystals,  which  melt  at  the  same  temperature 
as  the  yellow  compotmd,  .154**.  The  deep  color  is  retained  after  recrystal- 
lization.  Heating  and  the  presence  of  oxidizing  agents  hasten  the  .change 
from  yellow  to  red,  but  ultimate  analysis  indicates  no  change  in  composi- 
"tion  and  the  two  forms  yield  the  same  derivatives.  The  authors  attributed 
the  color  to  the  presence  of  a  highly  colored  oxidation  product  in  slight 
amount.  This  peculiarity  and  the  results  obtained  by  Willst&tter  and 
Wheeler*  on  the  hydrojuglones  led  to  the  study  of  this  phenol. 

The  Badische  Anilin  u.  Soda-Fabrik,  Ludwigshafen  am  Rhein,  gener- 

^  This  paper  forms  Part  I  of  a  thesis  submitted  in  partial  fuifiknent  of  the  require- 
ments for  the  degree  of  Doctor  of  Philosophy  in  the  University  of  North  Carolina  by 
'Y.  C.  Edwards.  Part  II  on  The  Bromination  of  1,4,5,6-Tetrahydrozynaphthalene 
win  appear  later. 

<  Ann,,  386,  27  (1895)* 

»  Ber,,  47,  2796  (1914). 
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ously  supplied  the  naphthazarine  required  for  this  research  and  we  take  this 
opportunity  to  express  to  them  our  sincere  gratitude. 

Willstatter  and  Wheeler  reduced  juglone  and  obtained  a-hydrojuglone, 
a  trihydroxynaphthalene  of  grapsh  green  color,  which  readily  passed  on 
melting  into  the  ketone  form,  a  yellow  compound,  which  had  been  re- 
garded by  MyUus^  as  another  trihydroxynaphthalene,  a  theory  which  in- 
volves the  migration  of  an  hydroxyl  group.  The  discovery  of  the  ketone 
character  of  the  /S-hydrojugl(me  suggested  the  possibility  that  the  tetra- 
hydroxynaphthalene  might  also  exist  in  two  forms  and  our  study  of  the 
compound  shows  that  this  is  the  case.  We  treated  the  tetrahydroxy- 
naphthaliene  with  the  important  ketone  reagents,  hydroxylamine,  semi- 
carbazine,  phenylsemicarbazine,  and  several  others  not  so  often  used. 
No  oxime  could  be  otained,  only  a  black  amorphous  product.  The  phenols 
of  the  naphthalene  series  are  very  sensitive  to  alkalies  and  our  study  shows 
that  hydroxylamine  is  too  basic.  Semicarbazine,  which  is  less  basic,  gave 
a  crystalline  product  mixed  with  some  amorphous  material  which,  however, 
we  were  tmable  to  remove.  Phenylsemicarbazine,  containing  the  added 
negative  phenyl  group,  gave  readily  a  piu*e  crystalline  phenylsemicarbazone. 
Other  ketone  reagents  containing  negative  groups,  as  f -bromophenylsemi- 
carbazine,  f-nitrophenylsemicarbazine,  benzhydrazine  and  ^-nitrobenz- 
hydrazine  gave  equally  fine  yellow  crystalline  products  which  were  readily 
obtained  in  pure  condition. 

If  we  regard  the  hydrogens  which  were  introduced  by  the  reduction  of 
naphthazarine  as  the  more  mobile  ones,  then  there  is  the  possibihty  of  the 
presence  of  two  ketone  groups.  This  idea  did  not  occur  to  Willstatter 
and  Wheeler  in  their  study  of  the  hydrojuglones.  By  employing  two 
molecules  of  phenylsemicarbazine  we  obtained  a  compoimd,  the  jdeld  of 
which  was  98%  of  the  theoretical  for  a  diphenylsemicarbazone.  We 
have,  however,  been  unable  to  obtain  it  perfectly  pure.  We  made  muner- 
ous  attempts  to  methylate  the  tetrahydroxynaphthalene.  Gummy  or 
amorphous  products  were  obtained  with  dimethylsulfate  and  also  with 
diazomethane  in  ether  solution  but  a  chloroform  solution  gave  a  crystalline 
product.  Methyl  alcohol  and  sulfuric  acid  gave  a  derivative  which, 
though  it  had  no  sharp  melting  point,  gave  good  figures  for  a  monomethyl 
ether.  We  were  unable  to  prepared  any  metaUic  derivatives  of  tetra- 
hydroxynaphthalene. 

The  tautomerism  of  1,4,5,6-tetrahydroxynaphthalene  differs  from  that 
of  the  hydrojuglones  which  are  very  easily  obtained  pure  in  the  enol  and 
keto  forms.  We  tried  many  methods  of  conversion  from  enol  to  keto 
and  of  keto  to  enol  forms  but  nothing  has  come  under  our  notice  except 
the  yellow  compoimd  which  melts  at  154**  and  the  red  melting  at  the 
same  point.     All  endeavors  to  distinguish  any  difference  in  behavior  of 

•  1  Ber.,  18,  478,  2571  (1885). 
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the  yellow  and  red  forms  proved  unavailing.  Of  these  experiments  one 
was  a  comparison  of  the  spe&i  of  reaction  of  the  two  forms  in  alcoholic 
solution  with  phenylsemicarbazine.  In  both  cases  the  carbazone  began 
to  appear  at  the  end  of  six  hours  and  the  two  reactions  gave  like  yields. 
The  development  oi  the  red  color  is  largely  prevented  by  substituting 
nitrogen  for  air.  A  slight  amount  of  stannous  chloride  will  also  prevent 
the  assumption  of  the  red  color.  Single  red  crystals  Bppeai  yellow  under 
the  microscope.  A  mass  of  crystals  viewed  directly  is  dark  red  and  so 
are  the  solutions.  Our  conclusion  is  that  the  f<Min  ci  tautomerism  here 
is  like  that  of  phloroglucinol  where  we  are  able  to  lay  the  finger  upon  one 
form  only  which  reacts  readily  with  both  phenol  and  ketone  reagents. 
Previous  investigators  have  regarded  the  compound  only  as  a  phenol. 
We  may  rei»esent  the  formulas  as  fdlows: 

OH  O 


««Uv^' 


OH    OH  OH    O 

E]q>6rimental. 

Purification  of  Naphthazarine. — ^The  naphthazarine  as  obtained  from  the 
Badische  Anilin  u.  Soda-Fabrik  was  not  pure  and  a  study  of  its  purifica- 
tion was  undertaken  by  Mr.  V.  C.  Coulter  in  this  laboratory.  The 
purity  of  the  product  of  each  experiment  was  qualitatively  tested  by  re- 
ducing a  pinch  with  stannous  chloride  and  hydrochloric  add.  If  the  pro- 
duct was  a  dear  yellow,  it  was  comparativdy  pure.  If  it  was  greenish 
or  blackish,  it  indicated  an  unsatisfactory  method  of  purification.  All 
of  the  well-known  organic  solvents  and  numerous  mixtures  of  these  were 
unavailing.  Solution  in  alkali  and  repredpitation  with  add  also  proved 
unsatisfactory.  Sublimation  in  an  atmosphere  of  carbon  dioxide  at  230- 
40^  gave  a  pure  product  but  a  small  yidd.  Finally  sublimation  in  vacuo 
in  an  electrically  heated  apparatus  was  resorted  to  with  success.  The 
apparatus  of  Morey^  suggested  to  us  the  best  arrangement.  An  aban- 
doned base  of  an  old  style  vacuum  pump  served  perfectly  for  the  bottom 
piece.  A  second  inverted  glass  cylinder  set  within  the  crystalliziag  dish 
reduced  the  area  upon  which  the  naphthazarine  condensed.  A  platinum 
dish  was  used  to  hold  the  substance.  The  heating  element  was  made  by 
winding  nichrome  wire  around  a  plate  of  asbestos.  A  vacuum  of  2-10 
mm.  was  maintained  and  a  current  of  1.5  amperes  was  required.  Each 
charge  of  20  g.  was  sublimed  in  about  dght  hoiurs.  The  3ddd  of  pure 
naphthazarine  was  70%  or  over. 

Reduction  ci  Naphthazarine. — ^The  use  of  alcohol  as  employed  by  Zincke 
and  Schmidt  was  abandoned  when  it  was  found  that  a  purer  product 
*  This  Journal,  34,  550  (1912). 
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could  be  obtained  with  hydrochloric  add  alone.  Twenty  grams  of  sub- 
limed naphthazarine  were  boiled  20  minutes  in  5  liters  of  12%  hydro- 
chloric acid  with  the  addition  of  100  g.  of  stannous  chloride.  The  light 
yellow  solution  was  filtered  hot  with  suction  and  allowed  to  cool  down. 
About  18  g.  of  tetrahydroxynaphthalei^e  crystallized  out  in  plates  or  prisms 
which  melted  at  153-4**.    Recrystallization  was  unnecessary. 

Attempt  to  Prepare  the  Oxime.— Two-tenths  of  ^  gram  of  tetrahy- 
droxynaphthalene,  0.075  g.  of  hydroxylaminehydrochloride  and  o.io  g. 
of  barium  carbonate  were  heated  with  15  cc.  of  absolute  alcohol  for  four 
hours,  and  then  allowed  to  stand  for  four  days.  No  crystalline  product 
could  be  isolated  from  the  black  amorphous  precipitate  or  from  the  solution. 

Semicarbazone,  CuHnOiNs. — One  gram  of  tetrahydroxynaphthalene 
was  dissolved  in  100  cc.  of  absolute  alcohol  and  to  this  was  added  0.57 
g.  of  semicarbazine  hydrochloride  and  0.51  g.  of  potassiiun  acetate  in  3  cc. 
of  water.  The  solution  was  kept  in  a  stoppered  flask.  Crystallization 
began  in  foiu-  hours  and  was  complete  in  a  day  when  1.05  g.  of  yellow 
crystals  were  filtered  oflF.  When  heated  these  gave  off  violet  vapors 
at  170-200**,  becoming  a  soft,  black  mass.  The  product,  consisting  of 
yellow  prisms,  was  insoluble  in  water  and  ligroin  and  only  sUghtly  soluble 
in  other  cold  solvents.  The  solubility  was  only  slightly  increased  in  hot 
solvents.  In  all  cases  the  microscope  revealed  a  little  amorphous  material. 
The  three  samples  analyzed  were  pmified  by  extracting  the  impurities 
so  far  as  possible  with  large  quantities  of  solvents.  I.  i.o  g.  was  shaken 
24  hotu's  with  500  cc.  of  methyl  alcohol.  II.  i.i  g.  were  shaken  with  i 
liter  of  ether  and  then  with  500  cc.  of  methyl  alcohol,  each  24  hours. 
III.  A  portion  of  II  was  then  shaken  with  500  cc.  of  benzene  and  finally 
with  500  cc.  of  carbon  tetrachloride,  each  24  hours. 

Calc.  for  CiiHuOiNs:  N,  16.85.    Found:  I,  18.50;  II,  17.67;  III,  17.01, 

Phenylsemicarbazone,  C17H15O4N3.— Two  grams  of  the  tetrahydroxy- 
naphthalene were  dissolved  in  200  cc.  of  absolute  alcohol  and  mixed  with 
1.6  g.  of  phenylsemicarbazine  dissolved  in  50  cc.  of  absolute  alcohol. 
The  solution  was  kept  in  a  stoppered  flask.  In  six  hours  clusters  of  yellow 
crystals  began  to  form  and  after  24  hours  2.7  g.  of  product  were  filtered 
off.  It  crystallized  from  absolute  alcohol  in  fan-shaped  groups  of  short, 
stout  needles,  which  melted  at  218**  with  decomposition,  giving  off  violet 
vapors. 

0.1840  g.  subst.  gave  0.4128  g.  COa  and  0.0826  g.  HsO;  0.1570  g.  subst.  gave  17.54 
cc.  Nj  (18**  and  757.5  mm.  over  40%  KOH). 

Calc.  for  Ci7Hij04N8:  C,  62.74;  H,  4.65;  N,  12.93.  Found:  C,  62.40;  H,  5.12; 
N,  12.87. 

To  see  if  the  reaction  with  phenylsemicarbazine  would  give  any  hint 
as  to  whether  the  yellow  and  red  forms  of  the  tetrahydrox3aiaphthalene 
represented  enol  and  keto  forms,  comparative  reactions  were  run  both  in 
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alcohol  and  chloroform  solutions.  In  the  alcohol  solutions  the  phenyl- 
seinicarbazone  appeared  in  six  hours  and  in  like  amotmt  when  the  reaction 
was  complete.  In  the  chloroform  solutions  the  results  were  the  same,  ex- 
cept that  the  crystallization  began  in  four  hoiu's.  Thus  no  hint  was  ob- 
tained*. 

The  phenylsemicarbazone  is  easily  soluble  in  acetone,  xylene  and  pjrri- 
dine,  much  less  soluble  in  alcohol,  chloroform  and  benzene  and  insoluble 
in  the  other  ordinary  solvents.  It  was  recrystallized  from  alcohol  or 
chloroform. 

Diphenylsemicarbazone. — In  view  of  the  reduction  of  two  quinone  oxy- 
gens, there  should  be  two  labile  hydrogen  atoms  and  hence  the  possi- 
bility of  a  diphenylsemicarbazone.  One-half  gram  (i  mol.)  of  the  tetra- 
hydrox3maphthaIene  and  0.8  g.  (2  mols.)  of  phenylsemicarbazine  were 
dissolved  in  70  cc.  of  absolute  alcohol  and  set  aside  in  a  stoppered  flask. 
Crystallization  began  in  about  3  hours  and  after  3  days  1.17  g.  of  product, 
consisting  of  yellow  prisms,  were  filtered  off.  The  crystals  were  veiry 
slightly  soluble  in  acetone,  ethyl  and  amyl  alcohols  and  practically  insoluble 
in  other  organic  solvents.  Acetone  extracted  a  small  quantity  of  a  com- 
pound consisting  of  scales  and  melting  at  120-1  ^.  The  insoluble  crjrstals 
consisted  of  hexagonal  plates  which  darkened  at  280^  and  at  285-7^ 
a  dark  liquid  condensed  on  the  upper  walls  of  the  capillary  tube. 

0.1621  g.  subst.  gave  25  cc.  Nt  (26"  and  752  nun.  over  40%  KOH).    Olc'  for 
Cj4Htt04Ni:  N,  18.34.    Found:  17.04. 

We  were  unable  to  obtain  a  purer  compound.  The  war  shtit  off 
our  supply  of  naphthazarine  and  hence  this  investigation  is  teiiiporarily 
interrupted. 

^-Bromophenylsemicarbazoney  Ci7Hi404N3Br. — ^Two  grams  of  'tett^- 
hydroxynaphthalene,  dissolved  in  200  cc.  of  alcohol,  were  mixed  with  2.4 
g.  of  /^bromophenylsemicarbazine  in  250  cc.  of  alcohol.  In  7  houi^'  no 
reaction  was  apparent  but  in  8  days  a  product  weighing  1.47  g.  wis  ob- 
tained. It  was  insoluble  in  water  and  ligroin  but  soluble  in  alcohol, 
ether,  benzene,  chloroform  and  carbon  tetrachloride.  It  crystallizeisfititn 
hot  acetone  in  yellow  needles  which  decompose  at  220-3**. 

0.0688  g.  subst.  gave  0.0416  g.  AgBr.     Calc.  for  Ci7Hu04N»Br:  Br,  19.97.    FoUnd: 
19.54.  .    : 

p-Nitrophenylsemicarbazone,  CwHiaOsNa. — One  and  one-half  gjranis  of 
tetrahydroxynaphthalene  and  1.2  g.  of  ^-nitrophenylsemicarbazine  were 
dissolved  in  200  cc.  of  absolute  alcohol  and  set  aside  in  a  stoppered  flask. 
After  6  horn's  crystallization  began  and  after  40  hours  1.23  g.  of  greenish 
yellow  crystals  were  filtered  off.  The  product  was  not  readily  soluble  in 
alcohol,  ether  or  benzene.  It  crystallized  from  hot  acetone  in  yellow  needles 
or  prisms  which  began  to  decompose  at  234°  and  at  about  241®  gave  off 
violet  vapors. 
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0.0871  g.  subst.  gave  9.90  cc.  Nt  (17°  and  748  mm.  over  40%  KOH).    Calc.  for 
Ci»HuO»Na:  N,  12.85.     Found:  12.98. 

Benzhydrazone,  C17H14O4N2. — One-half  gram  of  tetrahydroxynaph- 
thalene  in  50  cc.  of  alcohol  was  added  to  0.4  g.  of  benzhydrazine  in  10  cc. 
of  alcohol.  No  crystals  appeared  on  the  first  day  but  after  4  days  0.51 
g.  of  product  was  obtained.  It  was  fairly  soluble  in  acetone  and  alcohol, 
less  so  in  ether  and  benzene  and  insoluble  in  water.  It  was  purified  by 
dissolving  in  acetone  and  pouring  the  solution  into  water.  The  pure 
substance  consisted  of  beautiful  yellow  needles  which  decomposed  between 
170  and  185°. 

0.1087  g.  subst.  gave  8.85  cc.  Nt  (19**  and  743.8  mm.  over  40%  KOH).    Calc.  for 
CnHMOiNt:  N,  9.04.    Found:  9.17. 

/>-Nitrobenzhydrazoney  CnHjsOeNj. — One-half  gram  of  tetrahydroxy- 
naphthalene  and  0.5  g.  of  p-nitrobenzhydrazine  were  dissolved  in  100  cc. 
of  alcohol,  warmed  for  4  hours  and  set  aside  for  2  days.  Dark  yellow 
crystals,  weighing  0.2  g.,  were  filtered  off  and  from  the  mother  liquor  a 
further  quantity  was  obtained  on  concentration.  These  crystallized  from 
acetone  in  yellow  needles  which  melted  at  220-4^  with  decomposition. 

0.0922  g.  subst.  gave  9.70  cc.  Nt  (23 *"  and  744  mm.  over  40%  KOH).     Calc.  for 
CnHuOfNa:  N,  11.83.     Found:  ix.65. 

Action  of  Dimethylsulfate. — One  gram  of  the  tetrahydroxsmaphthalene 
was  dissolved  in  10%  sodium  hydroxide  and  to  this  was  added  2.6^  g. 
of  dimethylsulfate.  After  40  hours  the  reaction  was  examined.  The 
precipitate  consisted  of  dark  amorphous  material  which  jrielded  no  crys- 
talline product  to  any  solvent.  The  reaction  was  repeated  with  twice 
the  amount  of  dimethylsulfate.  A  few  oystals  were  noted  in  much 
amorphous  material. 

Action  of  Diazometfaane. — ^Four-tenths  of  a  gram  of  tetrahydroxynaph- 
thalene  were  dissolved  in  ether  and  treated  with  a  slow  current  of  ether 
and  diazomethane  vapors.  After  an  hour  some  ether  solution  of  diazo- 
methane  was  added  and  the  mixture  was  set  aside  for  two  days.  The 
solution  had  become  reddish  yellow.  When  it  was  concentrated  in  vacuo 
only  a  black  gummy  mass  was  left.  A  chloroform  solution  gave  better 
restdts.  0.2  g.  of  tetrahydroxynaphthalene  was  dissolved  in  dry  chloro- 
form and  0.2  g.  of  diazomethane  was  passed  in  slowly.  This  was  prac- 
tically all  absorbed.  After  a  week  the  chloroform  was  evaporated  off  and 
fan-shaped  groups  of  crystals  were  obtained  but  some  amorphous  material 
was  present.  The  product  weighed  0.18  g.  It  was  almost  completely- 
soluble  in  alcohol  or  chloroform  but  was  imforttmately  lost  through  an 
accident.     It  is  hoped  to  study  this  reaction  again. 

Action  of  Methyl  Alcohol  in  Sulfuric  Acid. — 1.5  g.  of  tetrahydroxy- 
naphthalene were  dissolved  in  500  cc.  of  absolute  methyl  alcohol  and  15 
cc.  of  cone,  sulfiu-ic  acid.    The  mixtiure  was  boiled  75  min.  under  a  re- 
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fltix  condenser  using  a  half  atmosphere  of  excess  pressure.  The  reaction 
mixture  was  poured  into  150  cc.  of  hot  water,  boiled  and  filtered  from  a 
slight  residue.  The  reddish  filtrate  upon  cooling  gave  a  large  crop  of 
reddish  yellow  needles  which  after  twice  recrystallizing  from  hot  water 
gradually  melted  between  115  and  140**. 

0.1659  g.  subst.  gave  0.4976  g.  COj  and  0.0784  g.  HiO.    Calc.  for  CuHitO^:  C, 
6408;  H,  4.85.    Pound:  64.05,  5.32. 

The  analysis  indicates  a  monomethyl  ether  but  we  believe  the  reaction 
win  bear  further  study. 

Metallic  Salts. — ^Attempts  were  made  to  prepare  metallic  salts  of  the 
tetrahydroxynaphthalene.  Water  and  alcohol  solutions  were  used  but 
no  salts  of  barium,  lead  or  silver  could  be  obtained. 

Chapbl  Hill,  Noktb  Cakoldva. 


[Contribution  prom  thb  Univbrsitt  op  PrrrsBXTRG,  Department  o9'Cbkmicai« 

Enginbbring.  ] 

THE  PRESENCE   OF   BENZENE   HOMOLOGS    IN   THE   HIGH 
BOILING  DISTILLATES  OF  PETROLEUM. 

By  Bbnjamin  T.  Bxooks  and  Irwin  W.  Humpbrby. 
Received  December  14.  1915. 

In  Studying  the  properties  of  the  substances  which  cause  fluorescence 
in  ifetroleum  distillates,^  the  conclusion  was  drawn  that  the  substances 
in  question  were  probably  related  to  benzene  and  the  essential  facts  ad- 
^^anced  in  support  of  this  h3rpothesis  were  the  following: 

(i)  Oils  distilled  in  vacuo  are  much  less  fluorescent  than  when  distilled 
slowly  at  ordinary  pressure  and  accompanied  by  cracking  and  formation 
of  relatively  large  quantities  of  coke.  There  is  an  unmistakable  paral- 
lelism between  the  distillation  of  coal  in  vacuo  and  at  atmospheric  pressure 
and  the  distillation  of  oil  under  similar  conditions.  In  general,  destructive 
distillation  of  organic  material  containing  Httle  oxygen  is  conducive  to 
the  formation  of  aromatic  hydrocarbons.  The  coal-tar  distillates  produced 
by  distillation  in  vacuo  are  relatively  very  low  in  aromatic  hydrocarbons 
and  are  only  very  slightly  fluorescent.* 

(2)  No  fluorescent  organic  substances  are  known  which  belong  strictly 
to  the  paraffin  or  naphthene  series  of  hydrocarbons.  The  vast  majority 
of  fluorescent  organic  compoimds,  whose  constitution  is  known,  possess 
condensed  ring  structures  such  as  the  derivatives  of  benzene,  naphthalene, 
anthracene,  fluorene,  pyrone,  acridine,  azine,  oxazine,  thiazine,  and  the 
like.  The  character  of  the  fluorescence  of  petroleum  distillates  is  affected 
by  such  solvents  as  carbon  bisulfide,  aniline,  nitrobenzene,  amyl  alcohol, 

'  Brooks  and  Bacon,  J.  Ind.  Eng.  Chem.,  6,  623  (1914). 

•A.  Pictet,  Ber.,  46,  3342  (1913);  Jones  and  Wheeler,  7.  Chem.  Soc.,  X05,  2562 
(1914);  107,  1318  (1915). 
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p)rridine,  ether,  acetone,  etc.,  in  a  manner  strictly  parallel  to  the  eflFect 
of  these  solvents  on  the  fluorescence  of  the  esters  of  terephthalic  add 
studied  by  Kauffman.^ 

(3)  Suspensoids  of  colloidal  degree  of  dispersion  were  found  to  be  totally 
absent  in  strongly  fluorescent  petroleum  oils. 

(4)  The  fluorescent  substances  are  readily  sulfonated  by  strong  sulfuric 
acid,  forming  water-soluble  compotmds  whose  aqueous  solutions  are  strongly 
fluorescent. 

Before  considering  the  matter  further  it  should  be  recalled  that  all 
petroleums  which  have  been  thoroughly  examined  have  been  shown  to 
contain  benzene  and  its  simpler  homologs.  Even  gasoline  distilled 
from  light  Pennsylvania  crude  oil  contains  small  percentages  of  them. 
The  isolation  and  identification  of  the  higher  benzene  homologs  has 
apparently  not  been  attempted,  probably  owing  to  the  much  greater  ex- 
perimental difficulties  encountered,  although  Markownikow^  isolated 
3,5-diethyltoluene  and  isoamylbenzene,  CeHs-CeHu,  from  the  light  kero- 
sene distillate  of  Baku  oil  and  H.  O.  Jones  and  H.  A.  Wootton'  isolated 
/9-dimethylnaphthalene  from  a  Borneo  petroleum. 
Some  Conditions  under  which  Benzene  Hydrocarbons  are  Formed. 
It  is  known  that  in  the  manufacture  of  oil  gas  at  a  temperature  of 
about  950°  profotmd  decomposition  of  the  oil  occurs,  with  the  forma- 
tion of  hydrogen,  methane,  acetylene,  olefines  and  a  series  of  benzene 
hydrocarbons.  The  assumption  is  probably  warranted  that  whenever 
the  temperature  is  sufficiently  high  for  the  formation  of  acetylene,  aro- 
matic compounds  will  be  found  among  the  reaction  products.  The  lowest 
temperature  at  which  acetylene  can  be  formed  from  petroleum  oils  has 
apparently  not  been  determined,  but  no  references  exist  in  the  literature 
noting  its  presence  in  oil  gas  made  at  temperatures  lower  than  750^.^ 
It  is  known  that  under  certain  conditions  naphthenes  may  form  benzene 
hydrocarbons,  accompanied  by  the  splitting  off  of  hydrogen,  and  the 
work  of  Nikiforoff  and  Ogloblin^  shows  that  by  employing  heat  alone 
temperatures  of  at  least  525-550**  are  necessary.*  Engler^  obtained 
no  free  hydrogen  whatever  by  heating  kerosene  to  temperatures  below 
470^.    Although  cyclohexane  and  methyl  cyclohexane  have  been  con- 

1  Ann,,  393,  i  (1912). 

« Ibid.,  234,  89  (1886). 

»  /.  Chem.  Soc.,  91,  1146  (1907);  Chem.  Zeni.,  1907,  II,  1029. 

<  W.  A.  Noyes,  This  JoukNAL,  16,  688  (1894). 

»  Z.  angew.  Chem.,  18,  546  (1905). 

*  Since  the  outbreak  of  the  war  in  Europe,  benzene  and  toluene  have  been  made 
from  petroleum  on  a  commercial  scale  in  several  plants  using  the  Hall  process,  whidi 
method  employs  a  temperature  of  about  650**  and  pressures  of  50  to  75  pounds  per 
square  inch  .and  by  the  Rittman  process  employing  slightly  higher  temperatures  and 
pressures. 

'  "Das  Erdol,"  Vol.  I,  p.  574- 
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verted  into  benzene  and  toluene,  respectively,  by  splitting  off  hydrogen 
in  the  presence  o£  metallic  catalysts,  such  as  nickel,  platinum  and  palladium 
at  temperatures  below  300^,  these  conditions  are  widely  removed  from  the 
conditions  of  the  experiments  described  in  this  paper. 

We  have  found  that  the  heavier  portion  of  Jennings  and  Oklahoma 
crude  petroletuns,  i.  «.,  that  part  remaining  after  removing  by  distillation 
those  fractions  boiling  below  275^,  and  hereinafter  designated  as  reduced 
oil,  yields  benzene,  toluene  and  xylene  by  "cracking"  at  temperatures 
not  exceeding  420°  and  tmder  100  pounds'  pressure;  that  these  aromatic 
hydrocarbons  are  also  obtained  by  cracking  Jennings  and  Oklahoma 
reduced  oils  by  heating  with  anhydrous  altunintun  chloride;  that  pure 
parofBn  wax  on  cracking  under  either  of  these  conditions  does  not  yield 
benzene  or  its  homologs,  nor  does  it  yield  fluorescent  distillates;  that 
synthetic  phenyl-paraffin,  made  by  condensing  chloroparafiBn  with  pure 
benzene,  is  readily  cracked  by  heating  to  420°  under  100  pounds'  pres- 
sure or  by  merely  heating  with  aluminum  chloride  to  230^  yielding  benzene 
and  toluene  among  the  reaction  products.  It  is  noteworthy,  too,  as  agree- 
ing with  the  above  noted  theory  of  the  nature  of  the  fluorescent  compounds 
in  petroleum,  that,  while  the  decomposition  products  of  pure  parafBn 
are  not  fluorescent,  the  introduction  of  a  benzene  nucleus  leads  to  de- 
composition products  which  are  highly  fluorescent. 

.Jones  and  Wheeler^  have  shown  that  certain  aromatic  hydrocarbons 
are  produced  in  the  distillation  of  coal  in  vacuo  at  350^  and  point  out 
that  this  is  below  the  temperature  at  which  hydrogen  is  split  off.  They 
suggest  that  a  reaction  of  the  following  type  may  take  place: 


%/\ 


+  RH 


Naphthalene. 


In  view  of  the  facts  recorded  in  this  paper,  we  believe  that  the  formation 
of  free  naphthalene  at  350^,  as  noted  by  Jones'  and  Wheeler,  is  better 
accounted  for  by  the  decomposition  of  a  complex  molecule  containing 

1  /.  Chem.  Soc.,  105,  2563  (i9i4)< 

*  In  a  recent  paper  [/.  Chem,  Soc„  Z07, 1583  (1915)  ].  Jones  states  that  cydohezane, 
methyl  cydohezane  and  tetrahydronaphthalene  began  to  decompose  at  approzimatdy 
the  same  temperature  namdy,  between  490^  and  510^.  The  gas  evolved  contained 
approiimatdy  40%  hydrogen.  Dihydronaphthalene  decomposed  at  390^  and  the  gas 
evolved  contained  80%  hydrogen.  The  important  bearing  of  Jones'  work  upon  the 
matter  here  presented  is  the  confirmation  of  the  earlier  work  that  a  temperature  of 
500*  is  necessary  to  form  benzene  or  toluene  from  cyclohexane  and  methyl  cydo- 
hezane, respectivdy,  and  that  this  decomposition  of  cyclohexane  occurs  rdativdy  much 

'  than  in  the  case  of  the  normal  paraffines. 
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the  naphthalene  radical,  in  the  same  way  as  we  have  shown  phenyl-parafiSn 
to  be  broken  down  into  benzene,  toluene  and  unsaturated  hydrocarbons. 
For  example,  CioHy.C^Hjn+i  — >►  CioHg  (naphthalene)  +  CnHtm  (olefine 
of  naphthene). 

Experimental  Part. 

The  Oklahoma  reduced  oil  employed  in  the  following  experiments  had 
the  specific  gravity  0.877,  20^/4°,  all  material  boiling  below  275*^  having 
been  distilled  from  the  mixture.  Three  liters  of  the  oil  were  cracked  by 
slowly  distilling  under  100  pounds'  pressure  in  a  small  iron  still,  capacity 
about  5.5  Uters,  the  temperature  gradually  rising  during  the  distillation 
through  the  range  375-415°.  After  three  hoiu-s  the  distillate,  75% 
of  the  charge,  was  redistilled  at  atmospheric  pressure  and  the  fraction 
boiling  below  150°,  amounting  to  22%  of  the  charge  was  collected  sep- 
arately.^ This  low  boiling  portion  was  extracted  at  — 15®  with  liquid 
sulfur  dioxide.  This  extraction  was  carried  out  by  shaking  in  a  large 
Dewar  flask  with  an  equal  volume  of  liquid  SO2  divided  into  three  por- 
tions which  were  added  successively  after  siphoning  off  the  heavy  layer 
from  the  preceding  treatment.  From  the  sulfur  dioxide  solution  there 
were  recovered  about  10%  by  volume  of  the  gasoline  fraction,  or  2.2% 
of  the  original  charge  of  reduced  oil.  This  was  fractioned  three  times  and 
the  fractions  boiling  at  75-85  ^  105-115®  and  135-145°  were  nitrated  first 
in  the  cold  and  finally  on  a  steam  bath  with  an  excess  of  ordinary  sulfuric 
and  nitric  adds.  The  crude  crystalline  masses  obtained  by  pouring 
into  water  were  recrystallized  and  pure  1,3-dinitrobenzene,  m.  p.  90°, 
also  2,4-dinitrotoluene,  m.  p.  70°,  and  2,4,6-trinitrometaxylene,  m.  p. 
182°,  were  isolated. 

We  then  examined  the  gasoline  obtained  by  heating  heavy  high  boiling 
oils  with  anhydrous  aluminum  chloride.  Twenty  liters  of  Oklahoma 
reduced  oil  were  heated  with  6%  anhydrous  aluminum  chloride  until 
four  liters  of  Ught  distillate  were  collected.  When  this  was  extracted 
with  V2  volume  liquid  sulfur  dioxide  0.40  liter  extract  was  obtained.  On 
fractionating  and  nitrating  the  proper  fractions  as  before,  pure  1,3-dinitro- 
benzene, 2,4-dinitrotoluene  and  2,4,6-trinitro-m-xylene  were  isolated. 

In  order  to  determine  quantitatively  the  amounts  of  aromatic  com- 
pounds present  in  cracked. gasolines,  and  in  order  to  compare  these  re- 
sults with  those  given  by  several  natural  gasolines  distilled  from  crudes, 
we  extracted  a  series  of  gasolines  by  using  a  total  of  1.5  volimies  of  liqtiid 
sulfur  dioxide  in  three  successive  extractions  at  — 15°  in  Dewar  flasks. 
The  following  tabulated  results  include  a  sample  of  gasoline  made  by 
cracking  Texas  Solar  oil  with  aluminum  chloride: 

^  Cf.  Brooks,  Bacon,  Padgett  and  Humphrey,  /.  Ind.  Eng.  Ckem,,  69  180  (19 14); 
Brooks,  /.  Franklin  Inst.,  19x5,  p.  653  (December). 
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Tablb  I. — C01CPARI8ON  ov  Natural  Gasouns  and  that  Obtainbd  by  Cracking 
WITH  Rbspbct  to  Aromatic  Coicpounds. 

Practtonation  of  SOi. 

Vcdomc  of    Per  cent.        Soluble  portion,  per  cent.  Grams  Grains 

sample        soluble      * ' •  dinitro-  trini- 

Gasoline  source.        treated,  cc.     in  SOi.     to  90*  C.  90*- 120  ^  120  **- 145".  toluene,  trozjlene. 

Bristow  crude 1000  4.5  9.0  48.8  17.7  1.6 

Muskogee  crude ^ 1000  13.0  6.I'  42.3  23.0  4.1         17.4 

Mexican  crude 1000  14.0  31.4  27.1  17.  i  0.9 

California  crude 750  13.0  20.0  58.0  19.0  4.4 

Texas   solar    oil   by 

AlCli 1000  32.5  23.0  26.1  16.9  13.8        39.6 

Relative  Stability  of  Parafflas  and  Ni^hthenes.  • 
In  cracking  commercial  paraffin,  we  were  surprised  to  find  that  this 
material  is  more  difficult  to  decompose  than  Ught  lubricating  oil 
which  is  composed  ahnost  exclusively  of  naphthenes  and  polynaph- 
thenes.  While  the  simpler  nfi4>hthenes  whose  constitutions  are 
known,  such  as  cydohexane  and  methyl  cydopentane,  are  apparently 
more  stable  to  heat  than  normal  paraffins,  and  have  been  found  among 
the  products  resulting  from  heating  simple  paraffin  hydrocarbons  under 
pressure,^  the  instability  of  the  three-  and  four-membered  rings  in  the 
terpene  series  is  weU-estabUshed.  The  properties  of  cydoheptane,  cyclo- 
octane,  cydononane  and  their  derivatives  are  not  so  well  known,  but 
thdr  tendency  to  rearrange  to  five-  and  six-ring  systems  has  been  fre- 
quently observed.  It  is  probable  that  the  rdativdy  greater  ease  of  crack- 
ing petroleum  naphthenes,  such  as  constitute  much  the  greater  part  of 
light  lubricating  oil,  as  compared  with  the  cracking  of  commerdal  paraffin 
wax  of  substantially  the  same  average  molecular  wdght  and  boiling  point 
range,  is  to  be  interpreted  as  indicating  that  these  high  boiling  naphthenes 
bdong  to  series  other  than  of  five-  or  six-membered  rings.  The  behavior 
on  heat  decomposition  of  naphthenes  of  known  constitution  such  as  cydo- 
octane,  cydononane,  or  their  derivatives  is  not  known. 

That  the  heavy  residues  of  certain  crudes  are  more  easily  cracked  than 
others  is  known  to  refiners.  Heavy  Mexican  crude,  particularly,  is  readily 
decomposed  by  heat  and  is  conspicuous  for  its  extremdy  high  cdce  residue. 
(By  slow  direct  fire  distillation  we  have  noted  coke  residues  from  this 
crude  as  high  £te  42%.)  That  higher  temperatures  are  required  for  the 
cracking  of  paraffin  than  for  reduced  Jennings  oil,  made  up  of  naphthenes 
and  polynaphthenes  and  free  from  paraffin  and  from  which  all  constituents 
boiling  below  275 '^  had  been  removed,  was  shown  in  two  parallel  distilla- 
tions made  under  100  pounds'  pressure,  the  temperature  being  taken  about 

1  That  the  extraction  of  aromatic  hydrocarbons  by  the  SOt  method,  as  carried  out 
above,  was  incomplete  was  shown  by  the  isolation  of  5  grams  of  dinitrotoluene  after 
nitrating  the  100-120°  fraction  of  the  portion  insoluble  in  the  sulfur  dioxide. 

*  Engler. 
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ten  minutes  after  distillation  had  commenced  and  afterwards  at  intervals 
of  one  hour. 

Tabus  XI. — DisrnxATioN  op  PARAPPm  and  Jbnnings  Rbducbd  Oil  undhr 

Prbssurb. 

Product 
Per  cent,  distilling 
of  charge      below  Volume 


Time  re-  distilled    150* — per  of  gas 

quired  for       Temperature  at  last     oentage  of  evolved 

distillation.       at  1-hour         temperature  original  per 


quired  for       Temperature  at  last     oentage  of  evolved 

distillation.       at  1-hour         temperature  original  per  1 

Material  distiUed.  Hours.  intervals.  reading,      charge.  liter  oil. 

Jennings  reduced  oil... .     3.5        370-415-422®        69.0        19.0  31.36 

Paraffin 3.5        417-432-437*        71.0        20.5  9.33  liters 

The  following  summarized  results  show  that  when  anhydrous  aluminum 
chloride  is  used,  commercial  para£Qn  wax  decomposes  much  less  readily 
than  the  other  hydrocarbons  studied. 

TaBIJS  III. — DBGOlfPOSinON  OP  PARAFFm  AND  NaPBTHBNSS  WTtH  AlUHINUIC 

Cmx>Rn>B. 

Temperature  when  firat  Yield  of 

drop  distilled  and  Time     product,  %. 

at  1-honr  intervals.  heated.      Big.  to 

Material  treated.  . .  Hours.      — ISO*.    %  AiaCU. 

Jennings  reduced  oil 200®  226*  244*  255*  4.5  22 .2  7.0 

Texas  solar  oil 175**  190*  194*  210*  4.5  24.5  7.0 

Paraffin 305^235^276*282*  4.5  4.5  7.0 

Phenyl  paraffin 185*220*255*265*  4.5  15.0  7.0 

The  Cracking  of  Synthetic  Phenyl  Paraflhi. 

A  mixture  of  phenyl  paraffins  was  made  by  condensing  pure  benzene 
with  chlorinated  paraJSn  in  the  presence  of  at^ydrous  aluminum  chloride 
at  moderate  temperatures,  not  exceeding  90^.  In  making  up  this  material 
the  commercial  paraffin  wax,  m.  p.  53  **,  was  considered  as  a  mixture  of  hydro- 
carbons of  the  mean  molecular  formula  CmHso.  Two  kilos  of  melted  paraf- 
fin were  chlorinated  until  the  gain  in  weight  was  251  g.,  theoretical  for 
C24H49CI,  being  201  g.  This  was  treated  with  2  liters  of  pure  benzene, 
a  large  excess,  and  0.5  liter  of  carbon  bisulfide.  Anhydrous  aluminum 
diloride  was  then  added  in  small  portions  until  150  g.  had  been  added. 
The  evolution  of  hydrogen  chloride  was  very  rapid  at  first,  but  after  stand- 
ing at  room  temperature  for  14  hours  had  nearly  ceased  The  reaction 
mixture  was  then  gently  warmed  for  six  hours  on  a  steam  bath,  after  which 
time  it  was  washed  several  times  with  hot  water  to  remove  aluminum  chlo- 
ride and  then  distilled  with  steam  until  liquid  ceased  to  distil,  the  CSs 
and  excess  benzene  being  thus  completely  removed.  After  separating 
from  water,  the  product  was  heated  several  hours  in  a  large  porcelain  dish 
until  all  emulsified  water  had  been  driven  off  and  then  finally  heated  to 
250 '^  to  insure  the  complete  removal  of  free  benzene.  The  dried  material 
was  then  divided  into  two  portions,  one  portion  of  500  g.  being  heated  with 
35  g.  anhydrous  AlsCU  to  temperatures  within  the  range  200-240°,  the 
distillate  being  partially  refluxed  through  a  fractionating  column.     In 
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3  horns  78  GC.  of  distillate  were  collected.    This  was  redistilled  and  55  cc. 
of  benzene,  b.  p.  79-85  ^  and  ii  cc.  toluene,  b.  p.  105-115**  were  obtained. 

The  identity  of  the  benzene  and  toluene  was  further  proved  by  con* 
version  into  the  corresponding  dinitro  derivatives.  The  dinitrobenzene 
obtained,  after  recrystallizing,  melted  at  90^  and  the  dinitrotoluene  at 
70^.  Since  pure  benzene  of  tested  purity  and  free  from  toluene  was  em- 
ployed for  the  synthesis,  the  presence  of  toluene  can  be  accounted  for  only 
by  the  splitting  of  the  phenyl  paraffin,  CeHsCHs  |  CHsR.  In  this  reaction 
the  higher  boiling  portion  of  the  material  was  converted  into  a  mixture 
of  naphthenes.  After  pouring  off  the  warm  residue  from  the  aluminum 
chloride  and  pitch,  the  oil  was  chilled  and  about  32  g.  of  crystalline  paraffin 
were  filtered  from  it.  The  filtered  oil  was  then  a  viscous  material  resemb- 
ling light  lubricating  oil  but  possessing  an  intense  green  fluorescence,  re- 
sembling very  closely  the  highly  fluorescent  oil  obtained  by  treating  Mex- 
ican crude  petroleum  with  a  small  amount  of  altuninum  chloride. 

Two  and  one-half  kilos  of  phenyl  paraffin,  prepared  as  above,  were  sub- 
jected to  distillation  under  75  pounds'  pressure  for  three  hours.    The 
15 10  cc  of  distillate  were  redistilled  giving  the  following: 
Tabls  IV. — ^Rbsults  of  Diarnxma  Prbnyl  PARAFvm  undbk  75  PotiNDs'  Pssssorb. 

Fraction  of  product.        Quantity*  cc.  Result  on  nitration 

70-100"  112  25  g.  crude  dinitrobenzene 

100-115"  150  41  g.  crude  dinitrotoluene 

115-145*  272 

The  isolation  of  dinitrotoluene,  melting  point  of  recrystallized  product 
69.2°,  from  the  products  of  the  distillation  of  phenyl  paraffin  tmder  pres- 
sure shows,  as  in  the  case  of  decomposition  by  aluminum  chloride,  that 
the  phenyl  paraffin  can  break  down  so  as  to  give  not  only  benzene  but 
toluene  and  possibly  other  homologs. 

As  regards  the  character  of  the  fluorescent  hydrocarbons  in  petroleum 
it  was  noted  that  the  residue  from  the  distillation  of  pure  paraffin  was 
not  fluorescent,  although  if  the  distillation  had  been  carried  further  so 
as  to  form  considerable  coke,  the  oil  residue  would  tmdoubtedly  have  been 
Juorescent. 

Summary. 

(i)  Benzene  and  toluene  and  m-xylene  have  been  found  among  the 
products  from  the  cracking  of  heavy  petroleiun  oils  by  (a)  distillation  at 
temperattu'es  not  exceeding  420**  and  pressures  not  exceeding  100 pounds, 
and  (b)  heating  with  anhydrous  aluminum  chloride  to  temperatures  not 
exceeding  300®. 

(2)  Commercial  paraffin  wax  does  not  yield  benzene,  toluene  or  xylene 
under  the  conditions  just  named. 

(3)  Synthetic  phenyl  paraffin,  made  from  pure  benzene  and  chlorinated 
paia&n,  yields  benzene  and  toluene  among  the  reaction  products  under 
the  conditions  named  in  (i). 
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(4)  From  the  above  facts  the  conclusion  is  drawn  that  the  heavy  high 
boiling  fractions  of  petroleum  contain  homologs  of  benzene,  or  hydro* 
carbons  containing  the  benzene  nucleus. 

(5)  The  high  boiling  residues  from  the  decomposition  of  phenyl  paraflfin 
are  highly  fluorescent,  which  supports  the  theory  advanced  in  an  earlier 
paper  that  the  fluorescence  of  petroleum  oils  is  due  to  the  presence  of 
complex  hydrocarbons  related  to  benzene. 

PiTTSBumOB,  Pa. 
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Proof  of  the  Atomic  Linking  Structures  of  the  Three  Dihydro-Z^naphthoic  Adds  from 
the  Chemical  Behavior  of  Their  Respective  Dibto^iides.  IV.  Proof  of  the  Atomic 
Linking  Structure  of  the  Third  Dihydro-/8-naphthoic  Add  by  Ozidatioa.  V.  A 
Correlation  of  Structure  and  Odor.    VI.  Experimental  Part. 

I.  Introduction. 
Three  dihydro-j^-naphthoic  acids  which  have  an  unsattuated  linkage 
in  the  ring  carrying  the  carboxyl  group  are  theoretically  possible,  their 
structures  being  represented  as  follows: 

CyCHfV  >CH^ 

CH,  /  ^CH  X        ^CH 

XT  TtT 

(I).  (II).  (in). 

A^Dihydronaphthoic  A*-Dihydronaphthoic  A'-Dihydronaphthoic 

add-2.'  add-2.  add-2. 

Of  the  above  adds,  two  have  previously  been  prepared  and  the  structure 
of  one  of  them  has  been  definitely  demonstrated.  '  In  the  present  work, 
which  was  carried  out  in  connection  with  a  study  of  the  correlation  of 
ionization  and  structure,  the  third  isomeric  add  has  been  prepared  and 
demonstrations  of  the  structures  of  the  three  isomers  have  been  devdoped. 
By  the  reduction  of  /9-naphthoic  acid  with  sodium  amalgam,  Sowinstd* 
obtained  two  of  the  isomeric  adds  represented  above.    This  work  is  also 

^'Presented  at  the  Cincinnati  meeting  (1914)  of  the  American  Chemical  Society. 
From  a  thesis  presented  in  partial  fulfilment  of  the  requirements  for  the  degree  of 
Doctor  of  Philosophy  at  the  University  of  Illinois  (Kamm»  1915). 

*  The  nomendature  used  is  that  given  in  Meyer  and  Jacobson's  "Ldirbuch  der 
Organischen  Chemie,"  1903,  Vol.  2,  Pt.  2,  p.  446. 

»  Ber„  24,  2354-2363  (1891). 
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reported  by  Baeyer  and  Besemfelder,^  who  obtained  the  adds  in  a  higher 
state  of  purity.  By  reduction  with  sodium  amalgam  in  the  cold  a  mix- 
ture consisting  chiefly  of  the  labile  add  (so-called  because  of  the  ease  of 
its  rearrangment  into  the  higher-mdting  stable  isomer)  was  obtained, 
while  reduction  in  hot  solution  yidded  chiefly  the  stable  add.  The  mix- 
ture obtained  in  dther  case  was  separated,  due  to  the  different  solubili- 
ties of  the  two  isomers  in  water. 

Structure  III  (above)  has  been  assigned  by  Baeyer  and  Besemfdder 
to  the  labile  add  not  only  because  of  the  ease  of  its  rearrangement  into 
the  stable  isomer  but  also  because  they  found  that  with  bromine  it  formed 
an  unstable  dibromide  which  decomposed  spontaneously  into  a  mono- 
bromolactcme.  This  indicates  that  a  bromine  atom  was  initially  present 
in  the  gamma  position  with  respect  to  the  carboxyl  group  which  is  possi- 
ble only  in  the  case  of  the  dibromide  derived  from  Structure  III.  The 
same  add,  because  of  the  asymmetry  of  its  molecule,  should  be  capable 
of  existing  in  two  optically  active  components,  and  that  such  is  the  case 
has  been  shown  by  Pickard  and  Yates^  who  have  prepared  </- A'-dihydro- 
naphthoic  add-2.  This  is  a  further  confirmation  of  the  structure  of  the 
labile  add  since  tiie  two  other  isomers  represent  S3rmmetrical  structures. 

The  stable  dihydro  add  obtained  by  reairangement  of  the  labile  add 
must  therefore  possess  one  of  the  two  remaining  structures  (I  or  II  above). 
Baeyer,*  as  well  as  Meyer  and  Jacobson,^  from  the  data  at  hand  have  not 
attempted  to  differentiate  between  the  two  possible  structures.  Formula 
II  has  been  suggested  by  Besemfdder^  as  the  most  probable  structure 
because  of  the  ease  with  which  jS-naphthoic  add  is  formed  when  the  cor- 
reqxmding  dibromide  is  digested  with  alcoholic  potash.  Under  similar 
conditicms,  however,  the  monobromolactone  derived  from  the  labile 
dihydro  add  also  yidded  /3-naphthoic  add.  It  is  therefore  evident  that 
the  behavior  of  its  dibromide  with  alkali  is  an  unsafe  criteri<m  for  the  as- 
signment of  the  structure  of  the  stable  add  tmless  the  dibromides  of  both 
the  A^  and  A'  dihydro  adds  have  been  treated  in  this  manner.  This  is 
now  possible,  for  in  the  present  work  the  third  isomeric  dihydro  add  has 
been  prepared.  The  dibromide  of  Baeyer  *s  labile  dihydro  add  has  also 
been  prepared  and  found  to  be  fairly  stable,  not  undergoing  spontaneous 
decomposition  as  reported.  It  is  therefore  possible  to  study  side  by  side 
the  reactions  of  the  dibromides  of  the  three  isomers.  The  structtu'e  of 
the  new  dihydro  add  has,  however,  been  demonstrated  independently  by 
means  of  its  oxidation  products. 

^  Ann.,  266»  187-202  (1891). 

*  /.  Chem,  Soc.,  95,  1011-1015  (1909);  Chem.  Zentr.,  [2]  1909,  p.  445. 

*  Ann.,  266,  174  (1891). 

*  Loc.  cU. 

*  Ann.,  266,  198  (1891). 
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n.  The  Third  Isomeric  Dihydro-iS-naphthoic  Acid. 

When  the  stable  dihydro  add  (m.  p.  i6i  ^)  is  treated  with  water  and  an 
excess  of  barium  hydroxide  in  a  sealed  tube  at  a  temperature  of  I6o-I8o^ 
the  third  isomeric  add  is  formed.  Its  melting  point  after  purification  is 
fotmd  to  be  118.5®  (cor.).  The  same  product  may  be  obtained  from  the 
labile  isomer,  although  in  some  cases  it  is  found  contaminated  with  the 
161^  stable  add,  indicating  that  the  rearrangement  has  taken  place 
with  the  formation  of  the  latter  as  an  intermediate  product. 

We  might  suggest  Structure  I  as  that  of  the  new  add  on  the  basis  of 
this  rearrangement,  since  we  would  expect  the  add  having  the  unsaturated 
tmion  in  intimate  relation  to  both  the  carboxyl  group  and  to  the  phenyl 
ring  to  be  the  most  stable  toward  rearrangement.  This  has  already  been 
stated  by  Baeyer,  who  has  suggested  the  possibility  of  preparing  the  third 
isomer  by  a  method  analogous  to  the  one  used. 

The  method  of  preparation  of  the  1 18^  add  ( A^)  suggests  that  the  same 
object  might  be  accompUshed  by  means  of  a  strenuous  treatment  with 
concentrated  potassium  hydroxide  solution  at  ordinary  pressures  and  such 
was  actually  found  to  be  the  case.  When  dther  the  labile  or  the  A* 
stable  add  is  boiled  with  a  solution  of  potassium  hydroxide  (1:2)  for 
about  dght  hours,  a  75%  yidd  of  the  third  isomer  is  obtained.  It  is  sepa- 
rated from  any  unchanged  add  and  from  the  small  amount  of  /3-naphthoic 
acid  formed  by  oxidation  by  means  of  fractional  predpitation.  It  is  ob- 
tained in  a  higher  state  of  purity  from  its  dibromide. 

The  118^  acid  is  analogous  to  the  other  stable  add  (A*)  and  to  A^ 
unsaturated  adds  in  general  in  its  behavior.  It  is  attacked  instantaneously 
by  potassium  permanganate  and  with  an  excess  is  destroyed.  In  the  cold 
it  adds  bromine  slowly*  It  was  characterized  by  means  of  its  dibro- 
mide  and  its  amide  as  well  as  by  analysis  and  a  determination  of  its  neu- 
tral equivalent.  Additional  tests  of  its  homogendty  as  a  pure  chemical 
individual  are  discussed  in  the  experimental  part  of  this  paper, 
in.  Proof  of  the  Atomic  Linkage  Structures  of  the  Three  Dihydro-^ 
naphthoic  Adds  from  the  Chemical  Behavior  of  Their 
Respective  Dibromides. 

As  already  mentioned,  Baeyer  and  Besemfdder  were  able  to  prepare 
the  dibromide  of  only  one  dihydro  acid,  the  dibromide  of  the  labile  add 
undergoing  spontaneous  decomposition  with  the  evolution  of  hydro- 
bromic  add.  By  using  a  somewhat  different  procedure  the  dibromides 
of  all  three  isomers  may  be  prepared  without  meeting  any  of  the  difficul- 
ties encotmtered  by  previous  investigators.  The  dihydronaphthoic 
adds  are  all  very  soluble  in  chloroform  while  their  dibromo  derivatives 
are  not.  The  method  used  was  to  dissolve  the  add  in  chloroform  and  to 
add  the  calculated  amount  of  bromine  also  dissolved  in  chloroform. 
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keeping  the  xnizture  cold.    Under  these  conditions  the  dibromo  deriva- 
tives separate  out  in  the  form  of  white  crystals. 

The  melting  points  of  the  acids  and  of  the  corresponding  dibromides 
are  as  follows: 

Tablb  I. 

M.  p.  M.  p.  of  dibromide. 

Labile  A*  add loi  .a *^  172*  with  dccomp. 

Stable  A^  add 1 18^  190*^  with  decomp. 

Stable  A«  add 161  •  210*  with  decomp. 

Behavior  of  the  Dibromides  with  Alkalis.— The  three  dibromides  re- 
act in  so  characteristic  a  manner  with  dilute  alkalis  that  this  behavior 
may  be  used  as  a  demonstration  of  the  structure  of  the  dibromides  them- 
sdves  and  therefore  of  the  corresponding  unsaturated  acids.  In  these 
decompositions  it  is  unnecessary  to  use  boiling  alcoholic  potash,  in  fact 
the  best  results  are  usually  obtained  with  a  cold  10%  aqueous  solution 
of  sodium  carbonate.    The  reactions  observed  are  as  follows: 


^CH 


"\ 


V 


H 


Br, 


yC-CO»H 
CH/   H 


CJI. 


N:H,— C— COiH 


M.  p.  ioi.a*. 


H 


CJI. 


126.5". 


CUi 


H 
O 

I 


/  ^  V-H 
I/" 

not  isolated. 


Rearrange- 
ment 
►     CeH 


<' 


\ 


CHs 


H 


^CH/      x:o,H 


143-45 
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/         \C— H 


CH,— c<r  H 

Br,  /  I  ^Br  5%K0H  ^  =  CH 

CJl4  II  -^  C,H4  ^  C^a/  I 

\        /C— COjH  \  I   /Br  X:«C^-COiH 

CH/  CH,— C<^  H 


m.  p.  i6i  ^, 


H 

m.  p.  II8^ 


yCHj 


— ►  QiEU<  I 


M'Hs 


iS5.5^ 


3%  KOH 
^ 


C 

/\    Br 
H       Br 


x:h. 


/\        OH 
H        OH 

182  ^ 


Oxidatkm  yCH,— CHr— COJ[ 
►   CeHi^ 


x:oji 


165.3**. 
o-CaTboxy-hydforimuwnkr  add* 


The  dibromide  of  the  labile  dihydro  add  ( A'}  when  treated  with  sodium 
carbonate  solution  at  first  dissolves  completely.  Soon,  however,  a  tur- 
bidity is  observed  and  after  a  few  minutes  the  monobromolactone  sepa- 
rates. The  dibromide  of  the  stable  (A*)  isomer  dissolves  readily  in  dilute 
alkali  to  a  dear  solution,  although  it  is  decomposed  rapidly  and  almost 
quantitativdy  into  jS-naphthoic  add.  This  decomposition  takes  place 
even  at  a  temperature  of  o^  (although  more  slowly),  no  color  changes  be- 
ing apparent.  The  dibromide  of  the  118°  add  (A0>  on  the  other  hand, 
undergoes  the  characteristic  reactions  observed  when  an  a,/3-dibromo 
add  is  treated  with  alkali.  If  the  solution  is  warmed,  a  deep  blue  color 
develops  slowly,  but  finally  disappears,  a  yellow  solution  remaining. 
At  the  same  time  a  trace  of  an  indifferent  substance  separates,  due  proba- 
bly to  the  decomposition  of  an  unstable  /3-lactone.^  No  trace  of  /3-naph- 
thoic  acid  is  formed,  the  main  product  being  the  dihydroxy  add  repre- 
sented above.  Its  formation  is  analogous  to  the  decomposition  of  ae,/3- 
dibromohexahydrobenzoic  acid  observed  by  Aschan.^  Independent  evi- 
dence of  the  structure  of  this  dihydroxy  derivative  and  therefore  of  the 
A  ^-dihydro  add  itself  is  offered  by  the  oxidation  of  the  dihydroxy  acid 
to  a-carboxy-hydrodnnamic  add  of  known  structure. 

>  The  reactions  of  dibromodnnamic  add  may  be  taken  as  an  example.     Nef 
Ann,,  308,  267  (1899);  Pittig-Kast,  Ann.,  206,  33  (1881). 
^  Ann,,  271,  281  (1893). 
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The  reactions  of  the  dibromides  outlined  above  demonstrate  that  the 
three  dihydro  adds  described  are  distinct  chemical  individuals.  The 
results  confirm  the  condusions  of  Baeyer  and  Besemfdder  in  regard  to 
the  structure  of  the  labile  dihydronaphthoic  add  (Structure  III).  More- 
over, since  the  structure  of  this  add  is  known,  and  since  we  have  pre- 
pared the  third  isomeric  add  and  its  dibromide  and  made  a  study  of  the 
decomposition  products  of  the  latter,  we  may  now  accept  the  reactions 
of  the  dibromide  of  the  stable  (i6i^)  add  as  conclusive  evidence  that 
Structure  II  is  correct,  while  Structure  I  should  be  given  to  the  new 
isomer  (118°  add).  Independent  evidence  in  regard  to  the  structure  of 
the  latter  is,  however,  presented  below. 

More  recently  it  has  been  found^  that  the  dibromides  of  the  dihydro- 
^-naphthoic  adds  react  in  an  exactly  analogous  manner  to  that  observed 
in  the  /3-naphthoic  add  series.  This  evidence  can  be  used  on  the  one 
hand  to  demonstrate  the  structures  of  the  corresponding  dihydro-a- 
naphthoic  adds,  i|nd  on  the  other  is  additional  evidence  in  favor  of  the 
use  of  the  reactions  of  these  dibromides  for  the  demonstration  of  struc- 
ture. 

IV.  Proof  of  tbt  Atomic  Linking  Structure  of  the  Third  Dihydro-^ 
naphthoic  Acid  by  Oxidation. 

Although  the  reactions  of  the  dibromides  present  satisfactory  evidence 
m  favor  of  the  structures  of  the  corresponding  dihydro  adds,  it  was  con- 
sidered advisable  to  demonstrate  the  structure  of  the  new  isomer  in  an 
entirdy  independent  maimer.  The  method  chosen  was  that  of  oxida- 
tion. 

Meyer  and  Jacobson'  state  that  the  stable  add  of  Baeyer  has  dther 
Structure  I  or  Structure  II  bdow. 


2— CH  on  oxidation                 yCHf— <^OiH(l) 

n  >       CJl4< 

X:— C—COiH  should  yield                X:Hr-C0iH(2) 
H, 

(I). 


ch/^ 


H, 
•C— CHj  on  oxidation  yCHi— CHi— COjH(i) 

COIK  I ►  C,H«<( 

X:=C— COjH         should  yield  ^C0,H(2) 

H 

(II). 
For  this  demonstration  of  structure  by  means  of  oxidation  reactions, 
the  new  isomeric  add  A*-dihydronaphthoic  add-2  was  used,  the  oxidizing 
agent   being   alkalitie    potassium    permanganate.     Using    this    method, 

^  Kamm  and  McChigage.    See  the  following  article  in  This  Journal. 
^Loc.  cit. 
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Baeyer  and  Sliroder^  had  succeeded  in  demonstrating  the  structure  of 
A^-dihydronaphthoic  add-i,  since  upon  oxidation  o-carbozyhydrocm- 
namic  add  was  obtained.  The  /S-isomer  under  examination  should  yield 
the  same  final  product,  and  such  was  found  to  be  the  case.  It  was  neces- 
sary, however,  to  apply  very  radical  changes  to  the  Ba^er  method, 
since  the  first  attempts  always  yielded  products  contaminated  with  large 
amounts  of  phthalic  acid.  The  modified  method  adopted  was  to  carry 
on  the  oxidation  in  steps^  using  the  theoretical  amounts  (rf  permanganate. 

The  reactions  observed  were  as  follows: 

O 


<CH,— CHt       aO            yCHr-CH,        lO 
C=C— CO,H  ^C C— COjH 

H  II  I 


yCHf— CHi— C— COiH 

chZ 
x:o,H 

not  isolated 


[»'■'"■       °  (Sr-  i-o 


<CHr-CH,  yCHf— CHf— COiH 

I  I — ►  c,hZ 

c — c— coja 

H       Br  Br 


\$% 


KOH 


X:OiH 

(in). 


1 


ycoja.  (i) 
chZ 

XX«(a) 


/CHr-CH,  3O 

^G C— COiH 

/\       \ 
H      OH       O— H 

(IV).       ' 
The  keto-hydroxy  add  (II)  was  obtained  in  50-^%  3ddd,  and  from  it 
pure  o-carboxyhydrodnnamic  add   (III)   was  obtained  in  40%  yidd. 
The  latter  product  was  also  obtained  from  the  dihydroxy  add  (IV). 

The  structures  of  the  three  theoretically  possible  dihydro>i9-naphthoic 
adds  have  thus  been  definitdy  established  by  analytical  methods,  and  a 
study  of  the  correlation  of  ionization  and  structure  in  this  series  may 
now  be  made. 

V.  A  Correlation  of  Structure  and  Odor. 

An  interesting  correlation  between  chemical  structure  and  odor  was 
noticed  during  the  course  of  this  study.  When  the  amides  of  the  various 
naphthoic  acids,  discussed  in  this  paper,  were  prepared,  it  was  noted 
that  of  the  three  dihydro-/3-naphthoic  acids,  only  the  two  stable  isomers 
gave  amides  which  possessed  a  very  marked  dnnamon-Uke  odor.  This 
was  espedally  noticed  in  the  case  of  the  new  isomer,  A^-dihydronaphthoic 
add-2.  Accordingly,  the  amide  of  cinnamic  acid  was  prepared  and  was 
1  Ann.,  a66,  176  (1891). 
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found  to  possess  an  identical  odor.    This  dnnamon-like  odor  is  known 
to  be  characteristic  of  the  side-chain  linkage    >C  =«  C  —  C  — ,  as  was 

I  .  II 

o 

learned  from  dnnamic  aldehyde.    The  analogy  in  structure  is  apparent. 


<'^CH,  H        ^O 

\^a/^  CJHr-CH  -  C— C^ 


Amide  of  A'-dihydronaphthoic  add-2.  Amide  of  dmiamic  add. 

The  melting  points  of  the  amides  prepared  in  this  work  are  given  in 
Table  II.  The  amide  of  dnnamic  add  is  induded  since  the  literature 
gave  the  widdy  varying  values  141 .5^  and  147 ^ 

Tabu  II. 

M.  p.  M.  p.of 

AcUL  M.  p.    ofaaide.  Add.  M.  p.    amide. 

Bctaraaphthoic 185''      195''         SUble  dihydro-naphthoic. .  nS*"    155'' 

Tetmhydro-naphthotc 96®      137*^         Stable  dihydro-oaphthoic. .  161^    x68^ 

Labile  dihydro-naphthoic.  loi . a  ®  140-50*    Cinnamic 133  *    143* 

VI.  Experimental  Part 
The  Preparation  of  jS-Ni^hfhoic  Acid.'-This  add  was  prepared  using 
the  Sandmeyer  reaction/  starting  with  a  pure  grade  of  /3-naphthyl  amine. 
The  nitrile  was  distilled  with  steam  and  hyckolyzed  as  outlined  bdow. 
This  method  yidded  an  exceptionally  pure  grade  of  /3*naphthoic  add» 
which  after  one  oystallization  from  dilute  acetic  acid  melted  at  185^. 
The  yield  was»  however,  less  than  20%  of  the  theoretical.  For  the  prepara- 
tion of  large  amounts  of  the  add»  the  following  method  was  found  to  be 
more  sati^actory:  /3-Naphthalene  sulfonic  add  was  prepared  in  the 
usual  manner  by  treating  naphthalene  with  concentrated  sulfuric  add  at 
i8o^  The  /3-sulfonic  add  was  separated  as  the  caldum  salt,'  recrystal- 
lized  from  water  and  then  converted  into  the  sodium  salt.  The  yidd 
of  the  latter  was  625  grams  from  one  kilo  of  naphthalene.  A  more  con- 
venient, more  rapid,  and  more  effident  method  for  preparing  the  pure 
^sulfonic  acid  has  recently  been  published  by  Witt.*  Naphthalene  is 
sulfonated  by  heating  it  for  a  few  minutes  at  160°.  The  dear  homo> 
geneous  liquid  is  potu-ed  into  water,  small  amotmts  of  sulfone  and  un- 
changed naphthalene  separated,  and  the  add  solution  evaporated  to  a 
smaller  bulk.  The  jS-isomer  crystallizes  out  as  the  tri-hydrate  and  is 
obtained  pure  after  a  recrystallization  from  10%  hydrochloric  add.  The 
separation  of  the  two  isomeric  sulfonic  adds  through  their  caldum  salts 
is  therefore  unnecessary. 

'  Gattermann,    "Practical   Methods   of   Organic   Chemistry/'   eleventh   edition 
(translated,  1914),  p.  248. 

'  Btr.,  3,  196  and  710;  Gattermann,  Loc,  cit,,  p.  291. 
»Ber.,  48,  751-753  (191 5). 
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The  nitrile  was  prepared  in  the  usual  manner  by  subjecting  to  dry  dis- 
tillation the  sodium  salt  intimately  mixed  with  an  equal  weight  of  potas- 
sium ferrocyanide.  The  yield  of  crude  nitrile  was  120  g.  from  625  g.  of 
sodium  sulfonate,  but  can  be  improved  by  conducting  the  dry  distilla> 
tion  under  diminished  pressure,  or  by  distilling  the  mixture  in  small  quan- 
tities. The  yield  of  naphthoic  acid  from  hydrolysis  of  120  g.  of  nitrile  was 
100  g.  The  method  was  materially  improved  in  the  following  manner: 
In  the  dry  distillation  with  potassium  ferrocyanide,  the  3Hield  is  exception- 
ally poor  if  the  calcium  stdfonate  is  fused  directly.  If,  however,  potas- 
sium cyanide  is  used,  the  caldtun  salt  itself  may  be  substituted,  without 
converting  it  into  tl^e  more  fusible  sodium  salt.  40  g.  of  calcium  sul- 
fonate mixed  with  an  equal  weight  of  potassium  cyanide  and  distilled  in 
four  portions  3rielded  18  g.  of  crude  nitrile  from  which  an  almost  equal 
weight  of  crude  naphthoic  add  was  obtained. 

The  nitrile  was  hydrol3rzed  as  directed  by  Baeyer  and.  Besemf elder, ^ 
using  a  mixture  of  equal  volumes  of  concentrated  stdfuric  add,  glacial 
acetic  add  and  water.  The  material,  which  Baeyer  and  Besemfelder 
report  as  insoluble  in  sodium  carbonates  solution  should,  however,  not  be 
discarded  as  directed  but  should  be  boiled  with  20%  KOH  solution* 
thus  increasing  the  yidd  of  the  add.  This  insoluble  material  consists 
largdy  of  the  amide.  A  sample  of  the  nitrile  which  had  been  purified  by 
distillation  was  found  to  saponify  more  smoothly.  It  was  in  this  case 
easily  possible  to  stop  the  hydrolysis  at  the  amide  stSLgt.  The  crude 
/3-naphthoic  add  was  predpitated  as  the  barium  salt  from  a  dilute  hot 
solution  of  its  sodium  salt  by  means  of  barium  chloride  solution.  The 
free  add  was  recovered  by  recrystallization  from  30  to  50%  acetic  acid» 
treated  with  bone-black,  and  purified  by  fractional  crystalUzation.  The 
pure  add  mdted*  at  185 .3®.  Its  amide  (m.  p.  195**)  was  prepared  using- 
one  mol  of  phosphorus  pentachloride  and  decomposing  the  acyl  halide 
with  ammonia  water.  It  was  also  obtained  (m.  p.  194^)  in  the  hy drol3rsis 
of  the  nitrile  as  mentioned  above. 

The  Reduction  of  /3-Naphtfaoic  Acid.— The  reduction  with  3%  sodium 
amalgam  in  the  cold,  a  stream  of  CO3  being  passed  into  the  solution  to 
neutralize  the  free  alkali,  yielded  a  mixture  consisting  of  75%  labile  di- 
hydro  and  about  25%  stable  A*  dihydro  adds.  Reduction  in  hot  solu- 
tion yielded  the  same  two  adds  except  in  different  proportions,  40%  and 
60%,  respectively.  The  labile  isomer  obtained  by  reduction  in  hot  solu- 
tion, however,  contains  appredable  amounts  of  the  tetrahydro  add^ 
from  which  it  is  separated  only  with  difficulty.    The  methods  of  reduc- 

»  Ann.,  266,  187  (1891). 

'  The  melting  points  given  in  this  paper  refer  to  the  capillary  melting  points, 
corrected  for  stem  exposure.  The  corrections  were  almost  negligible  since  calibrated. 
Anschutz  thermometers  were  used. 
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tion  and  the  use  of  fractional  predpitation  as  described  by  Baeyer  and 
Besemfelder  have  been  found  satisfactory.  The  advantages  of  the  method 
of  fractional  precipitation  over  that  of  fractional  crystallization  for  the 
separation  of  mixtures  of  these  isomeric  adds  should  be  further  empha- 
si^d.  The  most  soluble  isomer  is  usually  also  the  one  having  the  largest 
ionization  constant,  and  consequently  the  separation  is  unusually  effec- 
tive. The  use  of  too  concentrated  solutions  ^ould,  however,  be  avoided 
since  this  will  result  in  the  ocdusion  ot  the  salt  by  the  predpitated  add« 
The  melting  points  of  the  adds  have  dther  been  found  to  be  as  repented 
by  Baeyer  or  slightly  higher.  Only  in  the  case  of  the  labile  isomer  was  a 
lower  value  observed  than  that  reported  previously.  Since  the  add  was 
to  be  used  for  conductivity  measurements,  it  became  necessary  to  in- 
vestigate this  point  carefully.  The  melting  point  found  was  ioi.2^ 
whereas  the  reported  value  is  104^. 

Preparation  of  the  Labile  Dihydro-jS-naphthoic  Add  and  the  Separa- 
tion of  Isomers  by  Means  of  Fractional  Predpitation. — A  t3rpical  reduc- 
tion win  be  described  here.  Ten  grams  of  pure  jS^naphthoic  add  were 
dissolved  in  a  small  amount  erf  dilute  potassitmii  hydroxide  solution  and 
the  sohiticm  diluted  to  100  cc.  The  latter  was  then  cooled  to  5*^,  a  steady 
stream  of  carbon  dioxide  passed  into  it  and  150  g.  of  crushed  3%  sodium 
amalgam  added  at  one  time.  Small  portions  (0.5  cc.)  of  the  solution 
were  withdrawn  at  ten-minute  intervals  and  tested  with  potassium  per- 
manganate.^ The  reduction  was  complete  in  forty  minutes.  The  sodium 
<:arbonate  solution  was  separated  from  the  mercury,  a  few  pieces  of  ice 
added,  and  the  free  dihydro  adds  predpitated  with  hydrodiloric  add. 
The  precipitate,  which  consists  of  white  cr^rstals,  was  dissolved  in  very 
dilute  potassium  hydroxide  solution  (ioa-150  cc.)  and  the  dihydro  adds 
I»edpitated  in  fractions,  using  approximatdy  normal  hydrodiloric  add, 
adding  the  latter  slowly  from  a  pipet.  The  ten  fractions  obtained  were 
almost  equal  in  wdght  (approximatdy  i  g.  each) ;  the  first  three  consisted 
of  cream-colored  flakes,  while  the  others  were  more  granular  (typical  of 
the  labile  isomer)  and  were  pure  white. 

M.  p.  M.  p. 

before  No.  of    before 

No.  of    recrystal-  frac-  recrystal- 

fraction.      lization.  tion.   ligation. 

1  155-57  •]  6  lOI* 

2  154-56®  '  Stable  dihydro  add  7  100® 

3  152-54"*  J  8  100.5' 

4  103.5**    1  Mixture    of    labile  and        9  100.5' 

5  101.5''    /     stable  adds  ^o  ia>* 

1  The  dihydro  adds  are  oxidized  under  these  conditions  while  ^-naphthoic  add  is 
not  The  permanganate  is  added  tmtil  a  permanent  color  is  obtained,  a  small  amount 
of  sodium  sulfite  then  added  and  the  solution  addified.  If  the  reduction  is  incomplete 
the  sparingly  soluble  naphthoic  add  will  predpitate. 


RecrystalHzed  from 
30%  acetic  add,  m. 
p.  101.0° 

Labile  isomer 
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Stable  isomer 
'  Mixture 


5* 

ioi*» 

6b 

lOI** 

7b 

lOl' 

Bb 

I0O.8" 

Labile  iaomer 


410  C.  G.   DBRICK  AND  OLIVBR  KAMH. 

Practions  7  and  8,  after  recrystallization,  were  again  subjected  to  frac- 
tional precipitation  and  shown  to  be  homogeneous. 

Rbfractionation  ov  Fractions  7  and  8. 

No.  M.  p.  No.  M.  p. 

xa 100. a*       4a 100. 8* 

2a 100. 8*        5a 100. 6* 

3a 100.8*        6a 100.6* 

Fraction  3a  was  recrystallized  from  dilute  acetic  add.    The  product 
consisted  of  pure  white  needles  melting  at  loi .  i  ^. 

Rbfractionation  of  Fraction  4  (M.  P.  103.5*). 

No.  M.  p.  No.  M.  p. 

th  155-56*  ^ 

2b  154-56*  . 

3^  140-50* 

4b  I08-3* 

Refractionation  of  Fractioiis  7  and  8  shows  that  they  are  not  further 
purified  by  a  second  fractional  precipitation.  Fracticm  4  falls  interiDe- 
diate  between  the  fnurtions  of  the  stable  isomer  (m.  p.  161  ^)  and  the  lower 
melting  labile  isomer.  The  results  of  the  refractionation  of.  this  one  gram 
fraction  illustrates  the  effectiveness  of  the  method.  Fraction  9  was  com* 
pletely  destroyed  with  an  excess  of  potassium  permanganate  in  ftlkaline 
solution  and  an  examination  of  this  solution  failed  to  show  the  presence 
of  tetrahydronaphthoic  add. 

Several  grams  of  the  dihydro  add  (lox  ^)  were  then  converted  into  the 
dibromide  by  the  method  outlined  below.  From  the  pure  dibromide, 
the  original  dihydro  add  was  recovered  by  the  action  of  zinc  dust  in  acetic 
add  solution.  The  recovered  add  was  crystallized  from  dilute  acetic 
add  and  mdted  at  loi  ^.  It  was  again  subjected  to  fractional  predpita- 
tion  and  again  shown  to  be  homogeneous.  The  maximum  mdting  point 
was  loi  .2^  and  was  not  changed  when  the  add  was  recrystallized  from 
low-boiling  Ugroin. 

Rearrangement  of  the  Dihydro-/3-naphtiiolc  Adds. 

Rearrangement  ¥dth  Barium  Hydroxide  at  160^. — ^Two  grams  of  the 
labile  add  (A'-dihydronaphthoic  add-2)  were  heated  with  an  excess  of 
barium  hydroxide  (10  g.  +  40  cc.  water)  in  a  sealed  tube  at  a  tempera- 
ture of  160^  for  about  six  hours.  When  the  tube  was  opened,  a  distinct 
naphthalene-like  odor  was  noticed,  although  decomposition  with  the  loss, 
of  carbon  dioxide  was  only  slight.  The  barium  salt  of  an  add  was  isola- 
ted. It  was  recrystallized  from  water  and  the  free  add  recovered.  The 
latter  mdted  at  118°  and  appeared  to  be  a  pure  compound  since  its  melt- 
ing point  was  unchanged  on  subsequent  purification  from  various  solvents. 
0.1470  g.  required  11.00  cc.  0.0764  N  KOH.  Neut.  equiv.  >-  175.  Theory  for  a. 
dihydro  add  ^^  174. 
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The  results  are  different  from  those  obtained  by  Baeyer,^  who  prepared 
a  stable  isomer  melting  at  z6o^  by  boiling  the  labQe  add  in  potassimn 
hydroxide  solution  under  atmospheric  pressure. 

The  first  experiment  was  then  repeated,  the  add  being  purified  not  by 
recrystalUzation  of  its  barium  salt  but  by  means  of  fractional  predpita- 
tioa.  It  was  found  to  be  homogeneous  since  each  fraction  melted  within 
the  range  of  115-117^  and  all  fractions  mdted  at  ii8°  after  additional 
purification. 

In  a  lattf  expcrisnait,  however,  Baeyer's  stable  add  (m.  p.  i6i^)  was 
obtained  in  addition  to  the  118°  product.  It  was  found  to  be  less  solu- 
ble in  water  than  the  latter,  and  hence  the  two  adds  could  be  partly 
separated  by  means  of  fractional  predpitation.  The  161^  add  is,  how- 
ever, obtained  best  by  the  direct  reduction  of  i9-naphthoic  add  in  hot 
solution,  when  it  is  obtained  together  with  the  labQe  isomer  from  which 
it  may  be  separated  mare  readily. 

The  stable  add  (i6i^  now  known  to  be  A'-dihydranaphthoic  add-2) 
was  also  treated  with  baritun  hydroxide  imder  high  pressure  as  had  been 
the  case  with  the  labile  isomer.  Here  also  the  new  add  (m.  p.  118^) 
was  obtained  in  addition  to  some  unchanged  product.  The  following 
diagram  will  represent  the  changes  involved: 

KOH  +  heat  Ba(OH),  at  160-^80** 

101.2  •  is6iner ►•     161  **  isomer    ' ►•     118**  isomer 

or  Ba(OH}i  +  heat  or  Con.  KOH  with 

prolonged  heating 

Both  experiments  were  repeated  using  potassium  hydroxide  solution  in 
place  of  t»rium  hydroxide.  The  results  were  identical  with  those  re- 
ported above.  Variations  in  temperature  and  in  the  time  of  heating 
have  also  been  used,  but  the  results  are  similar  to  those  given  above 
and  details  will  not  be  repeated  here. 

Rearrangement  under  Atmospheric  Preaaure. — ^The  rearrangement  of 
the  labile  and  stable  adds  using  potassium  hydroxide  solution  at  atmos- 
pheric pressure  was  also  investigated.  Three  grams  of  the  labile  iso- 
mer (m.  p.  loi  ^)  were  boiled  tmder  a  reflux  condenser  with  10%  potas- 
sium hydroxide  solution  for  abour  one  hour.  The  mixture  of  adds  ol> 
tained  was  separated  by  fractional  precipitation  and  found  to  consist 
of  almost  equal  quantities  of  the  stable  isomer  (161^)  and  unchanged 
labile  add.  The  ii8**  isomer  was  not  observed.  This  confirms  the  re- 
sults reported  by  Baeyer  and  Besemfdder.  It  should  be  noted,  however, 
that  the  amount  of  /^-naphthoic  add  formed  during  this  rearrangement, 
due  to  the  oxidation  of  the  stable  isomer  by  the  oxygen  of  the  air  is  al- 
most negligible.    Baeyer's  statement*  that  the  rearrangement  is  not  a 

>  Ann.,  366,  193  (1891). 
»  Loc,  ciL,  p.  192. 
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smooth  one  may  be  explained  better  by  the  following  experiments:  Thir- 
teen grams  of  the  labile  isomer  (m.  p.  loi  °)  which  had  been  prepared  and 
pmified  as  described  above  were  heated  for  four  hours  in  a  more  concen- 
trated potassium  hydroxide  solution  than  had  been  used  in  the  previous 
experiment.  (50  g.  KOH  dissolved  in  100  cc.  H|0).  Practicmal  pre- 
cipitation yielded  the  fractions  indicated  below.  It  will  be  noted  that 
the  first  four  fractions  consist  chiefly  of  the  stable  isomer  (161^)  but  ap- 
pear to  be  less  pure  than  the  corresponding  add  prepared  by  heating 
the  labile  isomer  with  more  dilute  potassium  hydroxide  solution.  These 
low  melting  points  are  not  due  to  admixture  with  /d-naphthoic  add  as 
Baeyer  supposed,  but  are  accounted  for  by  the  presence  of  the  118^ 
isomer  whidi  is  only  slightly  more  soluble  than  the  161^  isomer.  Frac- 
tions 6  and  7  give  evidences  of  the  presence  of  the  new  isomer  (iiS^) 
while  the  remaining  fractions  consist  of  unchanged  labile  add.  Frac- 
tions I  to  7  were  combined  and  again  boiled  with  i  :  2  KOH  for  four 
hours.  In  the  same  manner,  Fractions  8  to  13  were  combined  and  boiled 
with  I  :  2  KOH  for  dght  hours.  The  second  column  of  melting  points 
represents  the  fractions  obtained  after  the  second  treatment  w}th  con- 
centrated potassium  hydroxide,  while  the  last  odumn  gives  the  mdting 
points  of  the  fractions  after  reaystallization  from  acetic  add. 

RecrystaUlsMl  from 
No.  M.  p.  No.  M.  p.  30%  acetic  add. 

1 * I45"50*  I*  114-15* 

2 145-50**  2a  II4-I5*      115. 5* 

3 I45-47*  3a  114**         "5.5* 

4 140-45"*  4^  "4*         "4-5" 

5 124-27*  5a  114*         II4-5* 

6 X17*  6a  loi* 

7 1X6*' 

8 loo*  lb  113-14'^ 

9 99**  26  1x3-14*  XI5.5* 

10 99*  3*  1x3-14*  X15* 

XX 100*  46  I13-I4*  XX5* 

12 XOO*  56       XX3*  II5* 

13.... 99**       66     I07-I0*      XX2* 

76      95-100*     no* 

Fractions  2b  to  56  were  converted  into  the  barium  salt,  the  latter  was 
recrystallized  and  the  free  adds  recovered  (m.  p.  116^). 

These  results  show  that  both  the  labile  and  the  stable  isomers  may 
be  rearranged  ahnost  completdy  into  the  new  isomeric  add  (m.  p.  ii8^)» 
the  rearrangement  of  the  labile  isomer  proceeding  through  the  interme- 
diate so-called  stable  isomer  (161'').  It  is  apparent  also  that  the  new 
isomer  is  contaminated  with  a  less  soluble  impurity  from  which  it  is  not 
completdy  separated  by  means  of  fractional  predpitation  or  by  recrys- 
tallization. 
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Comparative  conductivity  measurements  on  the  116^  sample  obtained 
above  and  the  purer  118^  add  obtained  by.  the  barium  hydroxide  treat- 
ment, showed  no  di£Ference  in  conductivity  between  the  two  samples. 
The  impurity  present  in  the  116^  sample  must  therefore  be  the  stable 
isomer  (161^)  which  is  less  soluble,  or  extremely  small  amounts  of  the 
more  highly  ionized  j3-naphthoic  add.  This  problem  was  investigated 
quantitatively  and  it  was  found  that  the  impurity  corresponded  to  only 
2%  of  the  total  wdght  of  the  ii6^  sample. 

Purification  of  the  118^  Isomer  through  the  Dibromide. — Five  grams 
of  the  1 15-16^  sample  were  converted  into  the  dibromide,  using  the  method 
outlined  bdow.  From  the  dibromide,  the  dihydro  add  was  recovered 
and  found  to  mdt  at  118^.  This  recovered  product  was  subjected  to 
fractional  predpitation  and  shown  to  be  homogeneous.  The  maximum 
mdting  point  of  the  118^  add  after  recrystallization  from  ligroin  was 
118.5^  The  chloroform  mother  liquors  from  the  predpitation  of  the  di- 
bromide were  allowed  to  evaporate  spontaneously  to  one-half  volume 
and  a  second  smaller  group  of  dibromide  recovered.  The  chloroform 
filtrate  was  extracted  with  dilute  alkali  to  remove  the  last  traces  of  the 
dibromides  as  well  as  any  unchanged  dihydro  adds  together  with  naph- 
thdc  add.  From  this  alkaline  extract,  o.  10  g.  of  j9-naphthoic  acid  was 
recovered.  This  might  have  been  present  in  the  116^  sample  as  such 
or  it  may  have  been  formed  from  the  action  of  alkali  upon  small  amounts 
of  the  dibromide  of  the  stable  (161^)  isomer.  This  separation  of  traces 
of  161^  add  from  the  118^  isomer  was  repeated  with  known  mixttues, 
and  found  satisfactory.  These  reactions  are  described  in  detail  bdow, 
in  addition  to  other  tests  showing  the  118^  add  to  be  a  pure  chemical  in- 
dividual and  not  a  eutectic  mixture. 

A^Dihydronaphthoic  Add-2  (IW  Isomer).— The  structure  of  this 
isomer  is  demonstrated  bdow.  A  brief  description  of  the  add  together 
with  some  additional  tests  whidi  have  shown  it  to  be  a  distinct  diemical 
individual  will  be  given  here. 

Analysis  of  118^  add: 
Subst.  0.1798;  COi,  0.4982;  H*0,  0.0923.     Calc.  for  CnHnOi:  C,  75.8;  H,  5.79. 
Found:  C,  756;  H,  575. 

The  anal}^,  the  determination  of  the  neutral  equivalent  given  above, 
and  the  fact  that  the  add  forms  a  dibromide,  together  with  the  analysis 
of  the  latter  (bdow)  proves  that  we  are  dealing  with  a  dihydronaphthoic 
add.  To  this  we  may  add  that  the  original  add,  unchanged  in  melting 
point,  is  recovered  from  its  dibromide  as  well  as  from  its  amide  after  puri- 
fication of  these  derivatives.  This  would  not  be  the  case  if  we  were  deal- 
ing with  a  mixture.  The  118^  isomer  is  oxidized  instantaneously  by 
potassium  permanganate  in  alkaline  solution  as  is  the  case  with  other 
unsaturated  adds.    Five  grams  of  the  pine  add  were  dissolved  in  very 
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dilute  potassium  hydroxide  solution  adding  just  enough  alkali  to  dissolve 
the  add  completely.  The  add  was  then  oxidized  in  the  cold  by  the  addi- 
tion of  lo  g.  of  potassium  permanganate  dissolved  in  300  cc.- water,  the 
oxidizing  agent  being  added  slowly  in  the  cold.  After  filtering  off  the 
MnOt»  the  solution  was  evaporated  on  the  water  bath  to  a  smaller  bulk 
(50-100  cc.).  Upon  addification  of  the  dear,  light  yellow  solution  with 
mineral  add,  no  predpitate  was  obtained,  showing  the  absence 
of  both  naphthoic  add  and  tetrahydronaphthoic  add..  Prom  the  addi- 
fied  solution  some  phthalic  add  was  obtained  by  ether  extraction. 

When  a  solution  of  several  grams  of  the  new  isomer  in  chloroform 
was  treated  with  bromine  in  chloroform,  it  was  found  that  addition  did 
not  take  place  rapidly  since  even  the  first  drop  of  bromine  solution  de- 
colorized slowly.  This  is  characteristic  of  stable  adds  in  general,  and  is  a 
definite  proof  that  the  labile  add  ( A'-dihydronaphthoic  add-2)  from  which 
the  new  isomer  had  been  prepared  is  absent,  since  the  latter  decolorizes 
bromine  instantaneously.  The  reactions  of  the  dibromides  of  the  three 
isomers,  however,  give  even  more  condusive  proof  than  that  above. 
The  evidence  from  this  source  is  presented  in  one  of  the  following  sec- 
tions. 

Finally,  known  mixtures  of  the  118^  isomer  with  the  loi^  isomer,  the 
161^  isomer  and  with  /3-naphthoic  add,  respectivdy,  were  prepared  and 
it  was  found  possible  to  secure  fairly  satisfactory  separations  by  means 
of  fractional  predpitation. 

The  118^  isomer  aystallizes  from  dilute  acetic  add  or  from  dilute 
alcohol  in  dusters  of  radiating  needles.  Its  degree  of  acdubility  in  water, 
dilute  acetic  add,  ligroin,  etc.,  is  intermediate  between  that  of  the  two 
other  isomers.  Prehminary  measurements  of  the  ionization  constant 
of  the  1 18^  isomer  have  indicated  that  the  value  for  thi$  constant  is  very 
dose  to  3.0  X  ic**  at  25^  in  aqueous  solution. 

Solubility  in  Water  of  tfaa  16^  and  US'"  Isomers.— The  stable  add 
(161^)  described  by  Sowinski^  and  by  Baeyer^  is  more  stable  toward 
melting  point,  solubility  and  ionization  than  is  the  new  isomer  described 
above.  Toward  rearrangement,  however,  the  118^  add  is  the  most 
stable  isomer  under  the  conditions  discussed  above.  These  measures 
of  stabiUty  are  not  necessarily  contradictory  since  they  are  determined 
under,  widely  varying  conditions.  The  solubilities  of  the  two  isomers 
in  pure  water  at  various  temperatures  were  determined  and  it  was  found 
that  the  solubility  curves  do  not  intersect  in  the  range  examined.  This 
solubiUty  data  is  given  in  the  following  table.  In  order  to  make  direct 
comparison  possible,  the  results  are  expressed  in  terms  oi  10  cc.  of  the 
saturated  solution.  The  amounts  actually  titrated  were  larger  and  at 
the  lower  temperatures  amounted  to  50  cc.    The  temperature  coeffident 
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of  sohibility  for  the  two  isomers  is  almost  identical  for  the  range  o^  to 
97  ^  This  explains  the  difficulty  fotmd  in  completely  separating  these 
two  adds. 

Table  III. 


No.  of 
cc.  saturated 
9oliitioo. 

No.  of  cc.  O.Ol  N  Ba(OH)i 
•olution  used. 

Temp. 

118*  isomer. 

I61«iM>iner 

96-97*' 

10.00 

ao.x 

10.5 

90^ 

10.00 

14.6 

8.0 

80'' 

10.00 

9.3 

4.68 

71-72^ 

10.00 

6.7 

3.4B 

55-56* 

10.00 

2.89 

1.4s 

40« 

10.00 

I  34 

0.69 

20' 

10.00 

0.56 

0.34 

o» 

10.00 

0.39 

0.19 

Preparation  of  tiie  Amides. — ^The  amides  of  the  three  dihydro  adds 
and  of  the  tetrahydro  add  were  prepared  as  directed  mider  the  section 
dealing  with  /9-naphthoic  add.  To  test  out  the  method  for  tmsaturated 
adds,  the  amide  of  cinhamic  add  was'  prepared.  The  melting  points 
have  been  given  in  Table  II. 

Preparation  of  tiie'  Dibromides. — ^The  method  used  was  similar  to  that 
recommended  by  Nef ^  for  the  preparation  of  the  dibromide  of  dnnamic 
add.  Three  grams  of  the  ii8^  isomer  are  dissolved  in  xo  cc,  chlorofonn. 
To  the  deaTi  colorless  solution  there  are  added  slowly  3  g.  of  brofsine 
dissolved  in  5  cc.  of  chloroform^  the  S(dution  being  kept  cold.  (Besem- 
fdder*  used  almost  100%  excess  bromine.)  The  sparingly  soluble  di- 
bromide begins  to  separate  out  after  fifteen  minutes.  The  mixture  isi, 
howeyer,  allowed  to  remain  in  a  dark  place  for  two  hours,  after  which  only 
a  faint  bromine  color  remains;  it  is  then  filtered,  using  a  suction  filter 
and  the  crystals  washed  with  10  cc.  chloroform.  White  crystals  mdt- 
ing  at  190^  Yield,  5  g.  For  the  determination  of  the  melting  point 
and  for  the  analysis,  a  product  which  had  been  predpitated  from  a  more 
ditnte  chloroform  solution  was  used, 
Subst,  0.1956;  AgBr,  0.2219.  Calc.  for  CiiHx«0»Brt:  Br,  47-9%«  Poond:  43.3%. 
The  dibromides  of  the  labile  (loi"^)  add  and  of  the  stable  (161°)  add 
wete  prepued  in  an  analogous  manner;  in  each  case  the  dibromides  were 
found  to  be  less  soluble  in  chloroform  than  the  corresponding  adds  and 
far  this  reason  they  were  readily  obtained  pure.  Their  mdting  points 
have  been  given  in  Table  I.  No  difficulty  was  found  in  preparing  the  di* 
bromide  of  the  labile  add  since  it  did  not  decompose  spontaneously  as 
reported  by  Baeyer  and  Besemfelder.    Its  analysis  is  as  follows: 

Subst.,  0.2449;  AgBr,  0.2755.    Calc.  for  CnHioOiBrs:  Br,  47.9%.    Found:  478%. 
^  Ann.,  308,  267  (1899). 
'  Loc.  cit.,  pp.  190  and  194. 
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Reactions  with  Alkalis  of  tiie  Three  Isomeric  Dibromides. — The  di- 

bromide  of  the  labile  acid  (A'-dihydronaphthoic  acid-2)  dissolves  com- 
pletely in  5%  sodium  carbonate  solution.  Soon,  however,  the  clear  solu- 
tion becomes  turbid  and  a  precipitate  is  formed  which  increases  rapidly. 
The  product  formed  was  f otmd  to  be  the  monobromolactone  already  de- 
scribed by  Baeyer.  One  gram  of  the  bromide  3delded  0.6  g.  (80%)  of 
the  lactone.  The  melting  point  after  recrystallization  was  126^.  The 
fact  that  the  initial  product  dissolves  completely  in  dilute  sodium  car- 
bonate, proves  that  the  lactone  is  not  present  as  a  contamination  of  the 
dibromide.  When  this  lactone  was  boiled  with  20%  potassium  hydroxide 
solution,  it  dissolved  slowly  and  remained  in  solution  after  cooling.  •  The 
following  day  the  solution  was  acidified,  an  add  being  thrown  down 
which  melted  after  one  crystallization  from  water  at  143-45^  and  whose 
solubility  in  water  is  i .5  g.  per  Uter.  From  the  method  of  preparation, 
this  product  was  suspected  of  being  a  keto  acid.  This  agrees  with  its 
neutral  equivalent,  its  analyses  and  with  the  fact  that  it  readily  forms 
a  semicarbazone.  (M.  p.  266^  decomp.)  It  is  fairly  stable  toward  the 
action  of  potassium  permanganate  in  the  cold. 

0.0977  g.  acid  required  6.85  cc.    KOH  solution  0.0764  N, 
Neutral  equivalent  =  187.    Theoretical  for  keto  acid  »»  190. 
Subst.,  0.0772;  COt,  0.1964;  HjO,  0.0367.    Required  for  CiiHi«Ot:  C,  69,47%;  H, 
5.31%.    Found:  69.36%,  5-38%. 

The  dibromide  of  the  161^  stable  acid  (A'-dihydronaphthoic  acid-2), 
when  dissolved  in  5%  sodium  carbonate  solution  or  in  5%  potassium 
hydroxide  solution,  decomposed  smoothly,  with  the  loss  of  two  molecules 
of  hydrobromic  add,  into  /^-naphthoic  acid.  Boiling  the  bromide  with 
alcoholic  potassium  hydroxide  solution  is  unnecessary  since  the  decom- 
position proceeds  rapidly  in  aqueous  solution  even  at  o**.  From  0.4  g. 
of  bromide,  o.  19  g.  (90%)  of  pure  iS-naphthoic  acid  was  obtained.  This 
reaction  agrees*  with  that  observed  when  the  dibromide  of  A*-dihydro- 
naphthoic  acid-i  is  treated  with  alkali. 

The  bromide  of  the  118°  isomer  (A*-dihydronaphthoic  acid-2)  was 
treated  with  cold  5%  aqueous  potassium  hydroxide  and  the  decomposi- 
tion of  the  product  followed  by  drawing  off  small  portions  of  the  solution 
at  intervals.  It  was  found  that  most  of  the  bromide  decomposed  during 
the  first  minute,  and  that  the  reaction  was  complete  in  less  than  fifteen 
minutes.  The  color  changes  described  previously  take  place  on  warm- 
ing the  solution,  but  titration  showed  that  no  additional  amount  of  alkali 
was  required.  The  trace  of  indifferent  substance  already  mentioned 
in  the  theoretical  part  of  this  paper  was  separated  by  ether  extraction 
from  alkaline  solution.  It  was  a  liquid  possessing  a  fragrant  odor  and 
still  contained  bromine.  Because  of  the  small  quantity  formed  in  the  re- 
action, it  was  not  further  examined. 

1  Kamm  and  McClugage,  This  Journai^,  38,  419  (1916). 
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The  main  product  formed  is  a  dihydroxy  add.  Because  of  the  great 
solubility  of  the  latter»  it  was  separated  from  the  acidified  solution  by 
repeated  ether  extractions.  The  fact  that  its  solubility  in  ether  is  not 
great  necessitates  ten  to  fifteen  extractions.  It  separates  from  the  ether 
in  white  plates.  From  3  g.  of  the  dibromide,  i .  2  g.  (65%)  of  the  dihy- 
droxy add  was  isolated.    M.  p.  182^. 

0.0370  g.  required  6.15  cc.  Ba(OH)s  solution  0.0281  N.  Neutral  equivalent 
fotmd,  214.  Theory,  208.  Subst.,  0.0780;  COi»  0.1808;  H|0,  0.0415.  Theory  for 
CiiHuO*:  C.  63.46%;  H,  5.82%.    Found:  63.20%,  5.91%. 

The  structure  of  this  dihydroxy  add  is  further  demonstrated  by  the 
fact  that  under  the  conditions  outlined  below,  it  was  oxidized  to  (7-carb* 
oxyhydrodnnamic  add  of  known  structtue. 

The  reaction  observed  in  the  decomposition  of  the  bromide  of  A^-di- 
hydronaphthoic  add-2  agrees  with  that  of  the  bromides  of  A^-tetra* 
faydrobenzoic  add  and  of  A^-dihydronaphthoic  add-i. 

Purity  of  the  Dibromides. — ^The  reactions  described  above  and  also 
in  the  theoretical  part  of  this  paper  may  be  used  to  test  the  purity  of  a 
given  dibromide,  in  the  following  manner:  The  dibromide  of  A*-dihydro- 
naphthoic  add-2  is  decomposed  into  the  monobromolactone  as  described, 
and  the  latter  separated  by  ether  extraction.  No  acid  is  predpitated 
upon  addification  of  the  alkaline  solution.  This  shows  that  no  trace 
of  the  dibromide  of  A^-dihydronaphthoic  add-2  could  have  been  present 
since  the  latter  decomposes  almost  quantitativdy  under  these  conditions* 
into  the  extremdy  insoluble  /d-naphthoic  add.  Similarly,  the  dibromide 
of  A^-dihydronaphthoic  add-2  does  not  yidd  a  trace  of  j3-naphthoic  add. 
Neither  could  the  monobromolactone  of  the  A*-isomer  be  detected. 
Hence  the  dibromide  of  the  A^-isomer  must  be  free  from  the  other  two 
isomers. 

Recovery  of  Dihydro  Adds  from  the  Bromides.— The  three  dihydro 
acids  may  be  recovered  from  the  corresponding  bromides  by  treating 
the  latter  with  zinc  dust  in  glacial  acetic  add.  This  method  was  found 
effident  as  a  means  of  purification  and  as  a  proof  of  the  homogeneity 
of  a  given  add.  This  has  already  been  described  in  detail  in  the  section 
on  the  preparation  of  the  labile  dihydro-/9-naphthoic  add. 

Oxidation  of  A^-Dihydronaphtboic  Add-2.  Proof  of  Structure.-^The 
method  used  by  Besemfdder^  in  attempting  to  isolate  a  definite  oxida- 
tion {Hxxiuct  from  the  A'-isomer  was  the  addition  of  potassium  perman- 
ganate in  excess  until  a  permanent  color  was  obtained.  Consequently 
a  large  excess  of  permanganate  was  used  (17  g.  for  4  g.  of  the  dihydro 
add).  In  the  present  work,  the  following  modification  was  adopted: 
The  calculated  amount  of  potassium  permanganate  was  added  slowly 
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to  the  ice-cold  «oltttion  of  dihydro  add  dissolved  in  a  very  dilute  alkaC. 
In  spite  of  these  precautions,  the  only  definite  product  isolated  in.  several 
preliminary  oxidations  was  (7-phthalic  acid  or  a  mixture  of  adds  consist- 
ing chiefly  of  the  latter*  The  method  finally  used  was  to  carry  on  the 
oxidation  in  steps  using  about  the  theoretical  amotmt  (or  io%  excess) 
of  the  oxidizing  agent  necessary  to  carry  the  oxidation  to  a  given  stage. 
Five  grams  of  the  1 18^  add  are  dissolved  in  75  oc.  water  containing  3  g. 
KOH  and  the  solution  coded  with  ice.  For  the  oxidation,  6  g.  of  KMnO^ 
dissolved  in  500  cc.  water  are  added  slowly  during  a  period  of  about  one 
hour,  the  solutions  being  kept  cold.  Finally,  the  mixture  is  warmed 
on  the  water  bath  to  coagulate  the  manganese  dioxide.  The  latter  is 
filtered  off,  using  suction,  and  the  filtrate  evaporated  down  to  about  loo 
cc.  The  yellow  solution  is  then  again  filtered  if  necessary  and  addified. 
After  standing  overnight,  the  oxidation  product  will  have  separated  in 
the  form  of  radiating  dusters.  An  additional  yidd  is  obtained  by  ether 
extraction,  bringing  the  total  to  50-60%  of  theory.  One  recrystaUiza- 
tion  from  water  and  treatment  with  bone-black  yidds  a  white  product 
melting  at  119-120*^.  In  comparison  with  the  dihydro  add  from  which 
it  is  derived,  it  is  very  soluble  in  water.  The  oxidation  was  repeated 
sev^al  times  in  the  attempt  to  isolate  the  intermediate  dihydroxy  add^ 
but  tmiformly  the  results  outlined  above  were  obtained. 

0.0463  g.  add  required  10,50  cc.  NaOH  0.0210  N.  Neutral  equivalent  found 
—  210. ,  Subst.,  0.1054;  COi,  0.2340;  HiO,  0.0566.  Required  for  CnHitO*:  C,  64.04%; 
H,;4.90%;  for  C11H10O4  -f  H«0:  C,  589%;  H.  540%.    Found:  60.5%,  5.98%. 

This  product  is  believed  tp  be  tiie  keto  hydroxy  add  or  Its  hydrate 
indicated  in  the  theoretical  part  of  this  paper.  The  titration  value  is 
not  pondusive  except  that  it  ^hows  that  we  are  not  dealing  with  the  pre- 
dicted dibasic  keto-add  which  would  have  a  ueutral  equivalent  of  only 
III.  In  a  case  of  this  kind,  the  titration  is  more  condusive  than  is  the 
elementary  analysis.  The  above  product  is  suspected  of  bdng  the  keto 
hydroxy  add  with  water  of  crystallization.  The  neutral  equivalent 
of  a  sample  soon  after  crystallization,  having  been  dried  on  a  day  plate 
for  one  hoiu",  gave  a  value  of  230.  The  initial  product  had  been  standing 
for  several  days.  Several  unsuccessful  attempts  were  made  to  prepare 
a  semicarbazone.* 

The  keto-hydroxy  add  may  be  further  oxidized  to  chcsaboxy  hydro- 
dnnamic  add  under  the  conditions  outKned  above  (5  g.  add  require  5  g. 
KMn04).  In  this  case  it  is  noticed  that  the  permanganate  is  not  decol- 
orized as  rapidly  as  in  the  oxidation  of  imsaturated  adds.  The  oxida- 
tion product  is  isolated  as  in  the  previous  experiments,  and  is  obtained 
almost  pure,  mdting  at  164°.  One  recrystallization  and  treatment 
I  Discussion  of  steric  hindrance  in  semicarbazone  formation.  K5tz  and  Michels» 
Ann,,  350,  208-9  (1906). 
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with  a  small  qimntity  of  bone-black  gave  a  40%  yield  of  a  pure  white 
crystalline  product  melting  at  165. 5 ^ 

0.052  g.  of  add  required  24.8  oc.  NaOH  0.0210  N.  Neutral  equivalent  found  * 
100.  Theory,  97.  Subst.,  0.1424;  COi,  0.3220;  H^,  0.064^,  Required  for  CioHteOi: 
C,  61.85%;  H,  5.19%.    Found:  61.67%.  503%. 

This  data  proves  that  the  oxidation  product  is  ^-carboxyhydrodnnamic 
add. 

An  attempt  was  made  to  oxidize  the  dihydroxy  acid  obtained  from  the 
dibromide  of  A^-dihydronaphthoic  add-2  to  the  keto  hydroxy  compound 
.(m.  p.  119-120^).  This  was,  however,  not  successful,  although  some 
^K^arboxyhydrocinnamic  add  was  obtained,  which  serves  to  demon- 
strate the  structure  of  the  dihydroxy  add. 

Summary. 

1.  The  missing  isomeric  dihydro-*0*naphthoic  add  has  been  i»epared 
by  rearrangement  of  both  A'-dihydronaphthoic  add-2  and  A*-dihydxo- 
naphthoie  add'*^  and  its  identity  as  a  chemical  individual  has  beeti  es- 
tablished. 

2.  The  stnictinres  of  the  three  isomeric  dihydro  adds  have  been  deinon- 
-strated  through  the  reactions  of  the  corresponding  dit»'omides, 

3.  The  structure  at  A^^<lihydronaphthoic  add-^  (the  new  isomi^) 
lias  been  conchisivdy  established  by  means  of  oxidation  reactions.. 

UsBANA,  III. 
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Three  dihydro-a-naphthoic  adds  having  the  unsaturated  linkage  in 
"the  ring  canying  the  carboxyl  group  are  theoretically  possible,  viz,: 

X^^CH.  .y^^'\:K  /"^Vh 

\c^^         \cy^^        Xc/^"^ 

COOI  H        COiH  H       COtH 

a).  (II).  (HI). 

A^-Dihydronaphthoic  A*-Dibydro&aphtht^      A^Dibydronaphthoic 

add-i.  add-i.  add-i. 

Of  the  above  adds,  two  have  previously  been  prepared  although  the 

-structure  of  only  one  of  them  has  been  condusivdy  established.     In 

the  present  paper  additional  evidence  is  presented  in  favor  of  the  struc- 

1  Prom  a  thesis  presented  to  the  Faculty  of  the  University  of  Illinms  in  partial 

jfuifilmexit  of  the  requirements  for  the  degree  of  Bachelor  of  Arts  (McChigage,  19 15). 
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tures  of  the  two  known  isomers.  Although  we  have  not  yet  succeeded 
in  synthesizing  the  third  isomeric  add,  it  seems  desirable  to  publish  our 
results  at  the  present  time  because  of  the  fact  that  the  reactions  used  for 
the  demonstration  of  structures  in  the  a-naphthoic  add  series  are  ex- 
actly analogous  to  those  used  by  Derick  and  Kamm^  in  the  beta  series. 
This  evidence,  together  with  the  analogy  found  in  the  benzoic  add  series, 
furnishes  strong  proof  that  the  reactions  outlined  bdow  may  be  used  for 
the  demonstration  of  structtu-e  of  these  tmsaturated  adds. 

The  reduction  products  of  the  naphthoic  adds  were  studied  almost 
simtdtaneously  by  Sowinski^  and  by  Baeyer  and  Schoder,'  who  prepare 
two  of  the  dihydro  adds.  The  labile  add  (so  named  because  of  the  ease 
of  its  rearrangement  into  the  higher  mdting  stable  isomer)  was  prepared 
by  the  direct  reduction  of  a-naphthoic  add  with  sodium  amalgam.  The 
stable  isomer  was  obtained  by  boiling  the  labile  add  in  aqueous  sodium 
hydroxide  solution. 

The  evidence  in  favor  of  Structure  I  (A^-dihydronaphthoic  add-i) 
for  the  stabile  dihydro  add  is  based  mainly  upon  the  fact  that  by  its 
oxidation  Baeyer  and  Schoder  were  able  to  obtain  an  add  mdting  at  165  ^ 
which  agrees  with  the  mdting  point  of  {?-carboxyhydrodnnamic  add. 
To  the  above  evidence  must  be  added  the  generalization  presented  by 
Baeyer:  In  a  rearrangement  of  a  labile  add  under  the  influeiice  of  an 
alkali  the  double  union  shifts  toward  the  carboxyl  group. 

The  labile  dihydro  add  may  therefore  have  dther  of  the  two  remaining 
structures.  Meyer  and  Jacobson*  state  that  dther  Structure  II  or  III 
may  be  the  correct  one  for  this  add,  but  from  the  data  available  they 
have  not  attempted  to  differentiate  between  these  two  formulas.  Sowin- 
ski,*  without  condusive  evidence  in  his  favor,  has  presented  Formula  III» 
while  Bethmann,*  who  has  measured  the  ionization  constants  of  the  di- 
hydro adds,  also  presented  a  A'-structiu-e  for  one  of  the  isomers.  Baeyer,^ 
on  the  other  hand,  is  inclined  in  favor  of  Structure  II.  The  evidence 
advanced  in  this  paper  agrees  with  the  views  of  Baeyer. 

The  labile  dihydro  add  has  been  resolved  into  its  optically  active  com- 
ponents by  Pickard  and  Neville.'  This  is,  however,  not  a  demonstra- 
tion of  the  structm-e  of  the  add  since  both  A*-dihydronaphthoic  acid-i 
and  A'-dihydronaphthoic  add-i  possess  asymmetric  molecules.  Con- 
sequently Pickard  and  Neville  have  attempted  to  dedde  between  the 
^  Preceding  article  in  This  Journal. 

*  Ber.,  a4»  2354  (1891). 

*  Ann,,  a66,  169  (1891). 

*  "Lehrbuch  der  Organischen  Chemie,"  1903,  Vol.  2,  Pt.  2,  p.  446. 
»  Lcc.  cit.,  p.  2360. 

*  Z,  physik.  Chem.,  5,  400  (1890). 
'  Loc.  cU.,  p.  173. 

*  /.  Chem.  Soc.,  87f  1763  (190s). 
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tvo  possible  fonnulas  by  studying  the  speed  of  reanangement  of  the 
labfle  into  the  stable  isomer.  Foe  this  purposei  the  d-iorm  of  the  labile 
add  was  used,  since  it  was  possible  to  follow  the  rearrangement  into  the 
inactive  stable  isomer  by  means  of  polarimetric  measurements.  They 
state  in  their  conclusions  that  it  is  some  additional  evidence  in  favor 
of  the  A'-constitution  that  the  measurements  of  the  velocity  of  the  trans- 
formation into  the  A^-add  show  the  rearrangement  to  be  unimolecular, 
bat  that  it  must  be  remembered  that  what  is  measured  may  be  the  velocity 
of  the  slower  of  two  successive  changes.  This,  therefore,  was  not  ad- 
vanced as  a  final  proof  of  the  structure  of  the  labile  acid. 

In  the  present  work  the  evidence  in  favor  of  the  structures  of  these  di- 
hjdro  adds  is  based  upon  the  reactions  of  the  corresponding  dibromides 
with  cold,  dilute,  aqueous  solutions  of  alkalis.  When  the  dibromide  of 
A^-tetrahydro  benzoic  add  was  treated  with  dilute  alkali  solution,  Aschan^ 
found  that  the  two  bromine  atoms  were  replaced  by  hydroxyl  gtottps. 

I  I      H     — ►       I  I     .H 

coiH  coja 

Similarly,  it  was  found*  that  the  bromide  of  A^-dihydronaphthoic 
add-2  reacts  in  an  exactly  analogous  manner. 

CeH/  I     .Br         5%  KOH    C^H/C       .  I  y  OH 

\  C  ^^COjH  \  C  /^      X:0,H 

H        Br  H        OH 

An  exact  anak)gy  was  found  to  exist  between  the  above  reactions  and 
that  of  the  dibromide  of  the  stable  dihydro-a-naphthoic  add,  since  the 
latter  was  converted  into  the  dihydroxy  add  upon  treatment  with  a  five 
per  cent,  potassium  hydroxide  solution.  No  evidence  was  obtained  of 
the  formation  of  a-naphthoic  add  which,  because  of  its  slight  solubility 

CH4<'  \yK        5%  KOH       Ch/  I     ,H 

^  C  /^^Br  ^  C  /^^OH 

COjH    Br  COtH    OH 

M««.,  371,281  (1893). 

^  Derick  and  Kamm,  Loc.  cit. 
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in  water,  would  have  been  detected  even  in  traces.    This  is,  therefofe^ 
an  argument  in  favor  of  the  A*-structure. 

If  the  labile  dihydro  add  possesses  Structure  II  above,  we  are  able  to 
predict  the  reactions  of  its  dibromide  by  analogy  to  previously  observed 
reactions.  For  example,  in  the  case  of  the  dibromide  of  A^-dihydro- 
naphthoic  acid-2,  the  reaction  forming  j3-naphthoic  add  is  almost  quan- 
titative.i 


QH4<^ 


/Br 


\cHr-c/ 

N:o.H 


5%  aqueous  KOH 

^ 


CiHZ  I 

^-Naphthoic  add. 


By  analogy  one  would  predict  that  the  dibromide  of  the  dihydro-a-naph- 
thoic  add  possessing  Structure  II  would  react  in  the  following  analogous 
manner: 


S%KOH 

> 


COiH 


I 

COiH 
a^Naphtfadc  add. 


When  the  dibromide  of  the  labile  add  was'  treated  in  the  cold  with  dilute 
aqueous  potassium  hydroxide  solution,  an  exceptionally  good  yidd  of 
a-naphthoic  add  was  obtained.  This  reaction  is  not  quite  quantitative^ 
due  to  the  formation  of  a  trace  of  naphthalene,  according  to  the  following 
reactions:* 


CH. 


KOH 


KOH 


Unstable  /S-lactone  not 
isolated. 

^  See  the  preceding  artide  on  the  structure  of  the  dihydro-/3-naphthdc  adds. 

*  This  side  reaction,  as  will  be  shown  in  the  experimental  part  of  this  paper,  ez^ 
plains  the  conflicting  data  (Baeyer  and  Schoder  vs,  Sowinski)  concerning  the  reactioiQ. 
of  this  bromide  with  dilute  alkali. 
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H 

I 

H 
Ni4>ht]ialene. 

The  formation  of  a-naphthoic  add  from  the  dibromide  of  the  labik 
add  has  been  reported  by  Sdboder,  who  conducted  his  experiment  with  the 
use  of  warm  alcoholic  potash,  conditions  under  which  the  dibromide  of 
the  stable  add  also  3ddded  a-naphthoic  add.^  In  the  present  work, 
however,  conditions  were  similar  to  those  referred  to  above  in  the  /3-naph- 
thoic  add  series,  conditions  under  which  the  bromide  of  A^-dihydronaph- 
thoic  add-i  yidded  no  a-naphthoic  add. 

From  the  above  data  we  condude  that  Structure  II  is  the  correct  one 
for  the  labile  dihydro  add.  Additional  evidence  in  favor  of  this  formula 
is  offered  by  Thide's  Partial  Valence  Theory,*  which  predicts  the  first 
dihydro-a-naphth<nc  add  formed  by  reduction  to  be  the  AMsomer.  Ac- 
cording to  Thide's  view,  the  formulas  for  a-naphthoic  add  and  its  first 
reduction  product  would  be  represented  as  follows: 


cai4 


(I).  .  (11). 

Since  the  valence  on  carbon  4  (Formula  I)  wotdd  be  only  partly  conjugated 
with  the  phenyl  ring,  the  formula  predicts  that  the  first  two  hydrogen 
atoms  would  add  in  the  1,4  positions,  the  double  union  shifting  to  the  2,3 
position.  Exact  analogies  to  the  above  reaction  have  been  reported  by 
Baeyer  in  the  reduction  of  terephthalic  add,  A^''-dihydroterephthalic 
add,  and  others;  in  fact  some  of  the  strongest  evidence  in  favor  of  the 
Thide  views  are  to  be  found  throughout  the  dassical  work  of  Baeyer  on 
the  "Constitution  of  Benzene."' 

^  Ann.,  a66,  183  (1891}. 

«  Ibid,,  306,  125  (1899). 

•  Fdr  brief  discussions  see  Cohen's  "Organic  Chemistry  for  Advanced  Students," 
1910,  pp.  448-436;  Henrich  "Theorien  der  Organischen  Chemie/'  191a,  pp.  36  and  64. 
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The  product  obtained  by  the  rearrangement  of  the  labile  isomer  (A*- 
add)  is  A^-dihydronaphthoic  acid-i.  We  have  examined  the  products 
of  rearrangement  in  the  hope  of  being  able  to  isolate  at  least  traces  of  the 
A'-acid.  Up  to  the  present  time,  however,  this  search  has  not  been  suc- 
cessful. 

An  attempt  was  also  made  to  synthesize  the  third  isomeric  dihydro 
acid  ( A'-dihydronaphthoic  add-i).    The  method  chosen  for  this  syn- 
thesis is  illustrated  by  the  following  series  of  reactions: 
OCsHi  H      OCiHi 

I  \y  H  Br  H 

C.H4C  I  — ^CcH/  I  —^C^4<  I   — ^c«h/  I 

\e/^^  \c/^^'  Xe/'^^V  \^^' 

q/  h    c^  h    c/^  h  cf^ 

^OH  ^OH  X)H  N:)H 

When  the  1,4-ethoxy:  naphthoic  add  was  treated  in  hot  solution  with 
sodium  amalgam,  the  reduction  was  carried  to  completion  but  the  ethoxy 
group  was  also  replaced  by  a  hydrogen  atom,  tetrahydro-a-naphthoic 
add  being  the  product  obtained.  It  is  hoped  that  by  reduction  in  the 
cold  this  eUmination  of  the  ethoxy  group  can  be  prevented. 

A  similar  observation  has  been  reported  by  Binhom  and  Lumsden,^ 
who  found  that  ^-ethoxy  benzoic  add  when  reduced  yidds  hexahydro- 
benzoic  add  in  place  of  the  desired  ethoxy  derivative. 

Experimental  Part. 

The  Preparation  of  a-Naphthoic  Acid. — ^This  add  was  prepared  through 
the  nitrile,  the  latter  having  been  prepared  from  a-naphthylamine  by  the 
Sandmeyer  reaction.  The  nitrile,  together  with  some  naphthol,  was 
separated  by  means  of  steam  distillation.  The  distillate  was  treated 
with  alkaU  and  the  nitrile  removed  by  ether  extraction. 

In  the  hydrolysis  of  the  nitrile  the  reaction  was  carried  to  the  inter- 
mediate amide  stage  by  using  a  solution  of  alcoholic  potash  prepared  from 
99%  alcohol.  The  amide  partly  crystallized  out  from  the  alcohol  solu- 
tion and  the  remainder  was  obtained  by  dilution  with  water.  The  mdt- 
ing  point  was  found  to  be  205°  and  did  not  change  on  further  reays- 
tallization.* 

Hydrolysis  to  the  add  stage  was  accomplished  by  boiling  eithcsr  the  nitrile 
or  the  amide  with  a  mixture  of  equal  volumes  of  water,  gladal  acetic  add 
and  sulfuric  add  (sp.  gr.  i .  84)  for  about  one  hour.    The  add  was  ob- 

» Ann,,  286,  264  (1895). 

'  The  melting  points  given  in  this  paper  refer  to  capillary  melting  points,  cpirected 
for  stem  exposure.  The  corrections  were  usually  negligible  since  calibrated  Anscfatitz 
thermometers  were  used. 
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obtained  by  pouring  the  above  hydrolysis  mixture  into  cold  water.  The 
product  was  almost  colorless  and  after  one  crystallization  from  30% 
acetic,  was  found  to  melt  at  162^.  This  melting  point  checked  exactly 
with  the  one  obtained  from  the  purified  Elahlbaum  product.  The  3rield 
was  less  than  20%  of  the  theoretical. 

a-Naphthoic  add  was  also  prepared  from  the  bromide  of  A'-dihydro- 
naphthoic  add-i  by  the  method  described  in  one  of  the  following  sec- 
tions. The  melting  point  of  this  product  after  one  crystallization  from 
dilute  acetic  add  was  found  to  be  161  ^,  but  a  second  purification  raised 
the  value  to  162  ^ 

Preparatioii  of  the  Labile  Dihydro-o-naphthoic  Add. — a-Naphthoic 
add  was  reduced  with  sodium  amalgam,  a  stream  of  carbon  dioxide  being 
passed  into  the  solution  to  neutralize  the  free  alkali,  as  directed  by  Baeyer 
and  Schoder.^  For  a  10  g.  portion  of  the  add,  200  g.  ci  3%  sodium  amal- 
gam were  used.  At  a  temperattue  of  about  10'',  the  reduction  to  dihydro 
add  was  complete  in  about  thirty  minutes,  as  was  indicated  by  the  per- 
manganate test. 

The  dihydro  add,  isolated  and  purified  according  to  the  method  given  by 
the  above  authors,  was  found  to  mdt  sharply  at  86  °.  Because  of  this  varia- 
tion from  the  reported  value  91  ^,  and  in  the  hope  that  some  A'-dihydro- 
naphthoic  add-i  had  been  formed  as  one  of  the  products  in  the  reduc- 
tion, we  have  taken  special  precautions  in  the  purification  of  the  product. 

The  add  obtained  from  the  reduction  of  two  10  g.  portions  of  ot-naph- 
thoic  add  and  induding  the  product  obtained  from  the  mother  liquors 
by  ether  extraction,  was  divided  by  fractional  predpitation'  into  nine  ap« 
proximatdy  equal  fractions.  A  final  fraction  (0.6  g.  in  wdght)  was  ob- 
tained by  means  of  ether  extraction.  With  the  exception  of  the  first 
fraction,  which  was  slightly  colored,  all  fractions  were  pure  white.  Frac- 
tions 2  to  9  all  mdted  at  83-4°  and  after  one  crystallization  from  petro- 
leum ether  mdted  at  about  85  ^.  •  The  fraction  obtained  by  ether  extrac- 
tion melted  two  degrees  lower. 

Since  the  labile  add  is  the  most  soluble  add  in  this  series,  and  since  it 
also  possesses  the  largest  ionization  constant,  we  would  in  the  case  of  frac- 
tional predpitation  of  a  mixttu-e  find  it  in  highest  ptu-ity  in  the  end  frac- 
tions. Consequently  we  have  repurified  separatdy  Fraction  No.  2  and 
Fraction  No.  9,  by  four  successive  recrystallizations  from  petroleum 
ether. 

FtBCtion  No.  2.     M.  p.  Fraction  No.  9.     M.  p. 

I 84  *»  I '. 84  • 

2 85. 5^  2 85.5** 

3 86*  3 86*' 

4 86*  4 86.5* 

*  See  preoeduic  article  for  other  applkations  of  this  method. 
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After  one  recrystallization  from  dilute  acetone  the  melting  point  86.5^ 
was  not  changed.  Immediately  following  the  above  observations  the 
thermometers  used  were  tested  out  both  at  the  boiling  points  of  pure  ben- 
zene and  of  water  and  found  to  be  accurate. 

The  question  therefore  arises:  Is  the  above  add,  which  was  purified 
more  highly  than  has  been  reported  previously,  identical  with  tlie  add 
(m.  p.  91**)  prepared  by  Baeyer  and  Schoder? 

A  sensitive  criterion  of  the  purity  of  this  add  is  rendered  available 
by  a  measurement  of  its  ionization  constant.  Fortunately,  Bethmann^ 
has  measured  the  ionization  constants  of  these  adds,  using  in  his  work 
the  samples  prepared  by  Sdioder.  Unfortunately,  however,  he  does  not 
report  the  melting  points  of  the  adds  and  does  not  state  whether  the 
samples  recdved  any  additional  purification. 

Ionization  Constants  of  the  Dihydro*a>-Naphttioic  Acids. — The  ioniza- 
tion constants  of  both  the  labile  and  the  stable  dihydro-a-naphthoic 
adds  were  determined  in  aqueous  solution  at  a  temperature  of  25^.  The 
details  of  the  conductivity  work  will  be  presented  in  a  subsequent  paper 
from  this  laboratory.  In  the  calculation  of  the  constants  the  value  for 
the  conductivity  at  infinite  dilution  (Xo  =  376)  was  calculated  from  the 
Ostwald  rule.'    In  the  following  tables 

C   =  concentration  of  the  add. 

X  =  equivalent  conductance  at  25°  at  the  concentration  C,  uncor- 
rected for  the  conductivity  of  the  water  used. 

K  =  ionization  constant  calculated  according  to  the  equation 


JEW    — 

Xo 

(Xo- 

-X)- 

Tablb  I.— Labilb  Aero.* 

Table  II. — Stable  Aero. 

A^-Dihydronaphthoic  acid- 1 . 

A^-Dihydronaphthoic  add-i. 

M.  p.  86.5**.  Water  used  =  0.84  X  lo"*. 

M. 

p.  12 1. 5*.    Water  used  «=  0.65  X  10' 

C.                 A.             K^    . 

c.        X.       Kir 

0.004    N      5902     11.69  X  io~* 

O.OOI     N    92.19    7.96  X  lo"* 

0.002    N      80.30     11.60  X  io~* 

0.0005   N  122.66    7  90  X  10"* 

o.ooi    N    107.80     11.52  X  10"* 

0.00025  N  159*47    7.81  X  10"* 

0.0005  N    141.85     11.43  X  lo"^ 

The  values  given  by  Bethmann,  uncorrected  for  changes  in  units,  are  as 
follows: 

Ka^"*  Labile  dihydro-a-naphthoic  add  =  11.4  X  io~*; 

Ka^**  Stable  dihydro-a-naphthoic  add  =  8.1  X  lo^^ 

The  agreement  with  the  values  found  in  the  present  work  is. satisfactory 

enough  to  demonstrate  that  the  adds  were  practically  identical   with 

those  studied  by  Baeyer  and  Schoder. 

1  Z.  physik.  Chem.,  5,  399  (1890). 

s  See  Lunden's  "Affinitatsmessungen  an  Schwachen  Sauren  und  Basen,"  p.  9. 
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Preparation  of  the  Stable  Dihydro-o-niyihttioic  Acid. — In  the  prepara- 
tion of  this  add  by  the  rearrangement  of  the  labile  dihydro  add  it  is  not 
necessary  to  boil  the  latter  with  dilute  alkali  for  several  hours.  We  find 
that  a  thirty-minute  treatment  with  boiUng  5%  aqueous  potassium  hydrox- 
ide solution  is  suffident  to  secure  a  complete  rearrangement.  Since  the 
melting  point  of  this  add  was  found  to  differ  from  the  reported  vahie  the 
method  of  purification  is  mentioned  here  in  detail. 

Baeyer  and  Schoder^  state  that  the  crude  add  mdts  at  115°  before 
and  125®  after  recrystalUzation.  The  solvents  used  were  water  and  ethyl 
acetate. 

In  the  present  work  the  acid  was  purified  as  follows: 

(a)  The  add  obtained  by  rearrang;ement  was  predpitated  in  fractions, 
•each  fraction  mdting  at  about  120^,  thus  showing  the  product  to  be  free 
from  the  labile  isomer  since  the  latter  would  appear  in  the  en<l  fractions. 

(b)  Each  individual  fraction  was  then  reoystallized  from  ethyl  ace- 
tate, and  the  mdting  points  found  to  be  121°. 

(c)  The  above  fractions  mdting  at  121^  were  then  converted  into  the 
bromide,  the  latter  purified,  and  the  free  dihydro  add  recovered  and 
•crystallized  from  dilute  acetic  add.    The  mdting  point  was  still  121  ^ 

(d)  This  add  recovered  from  the  dibromide  was  then  subjected  to  frac- 
^onal  predpitation  with  the  following  results: 

No.  of  fraction 12345 

Melting  pdnt 120^        lax^        xai^        Z2i^        121° 

(e)  Fractions  2  to  5  were  combined  and  recrystallized  successivdy 
±rom  dilute  acetic  add,  dilute  acetone  and  finally  from  low-boiling  ligroin. 
M.  p.  121.5°. 

The.  ionization  constant  of  this  add  (m.  p.  121 .5°)  has  been  measured 
413  a  test  of  its  purity,  the  result  being  given  in  Table  II  (p.  426). 

Preparation  of  the  Dibromides. — ^Pive  grams  of  the  labile  add  were  dis- 
solved in  10  cc.  of  chloroform  and  a  solution  of  5  grams  of  bromine,  dilu- 
ted with  about  5  cc.  chloroform  added  gradually.  Decolorization  of  the 
bromine  was  rapid  and  since  the  solution  was  kept  cold  the  evolution  of 
liydrobromic  add  was  very  slight.  The  bromine  addition  product  is 
in  this  case  soluble  in  chloroform  and  therefore  it  was  necessary  to  pre- 
-cipitate  it  by  the  addition  of  several  volumes  of  petroleum  ether.  The 
-derivative  separated  at  first  in  the  form  of  an  oil  which  upon  manipula- 
tion with  a  stirring  rod  was  converted  iato  a  findy  divided  white  aystal- 
line  soUd,  which  was  filtered  off  and  washed  with  ligroin.  The  3ridd  was 
6 . 5  g.  and  the  m.  p.  1 25  °,  although  the  latter  value  was  sUghtly  raised  upon 
-subsequent  purification. 

The  bromide  of  the  stable  dihydro  add  was  prepared  in  a  similar  man- 
jQer,  except  that  because  of  the  fact  that  it  is  only  slightly  soluble  in  chloro- 
^  Ann.,  266f  181  (1891). 
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form  it  could  be  isolated  exactly  as  described  for  the  bromides  of  the  three 
dihydro  adds  in  the  /9-naphthoic  acid  series.  The  theoretical  amount  of 
bromine  was  dissolved  in  5  cc.  chloroform  and  the  solution  added  grad- 
ually to  a  cold  solution  of  5  grams  of  the  stable  dihydro  acid  dissolved 
in  20  cc.  chloroform.  The  bromine  color  was  destroyed  less  rapidly  than 
in  the  preceding  experiment.  After  the  solution  had  been  standing  in  a 
dark  place  for  about  fifteen  minutes  the  bromide  had  separated  almost 
completely.  The  cream  colored  solid  was  filtered  oS  and  washed  with 
a  small  quantity  of  chloroform.  The  final  product  was  almost  pure  white 
and  melted  at  151**  with  decomposition.    The  yield  was  7.6  grams. 

Decomposition  wifli  Alkali  of  the  Dibromide  of  flie  Labile  Acid. — 
When  the  dibromide  derived  from  the  labile  dihydro-a-naphthoic  add 
was  treated  with  dilute  alkali  (5%  aqueous  potassium  hydroxide  solu* 
tion  was  used)  it  dissolved  completdy  to  give  a  dear  solution.  After 
about  one  minute,  however,  the  solution  became  slightly  turbid,  due  to 
the  separation  of  a  small  amount  of  naphthalene.  This  product  was 
filtered  off  and  its  mdting  point  fotmd  to  be  79°.  From  the  filtrate, 
an  85%  yidd  of  pure  a-naphthoic  add  was  obtained.^  The  mdting  point 
of  the  product  after  one  crystallization  from  dilute  acetic  add  was  161^. 
The  above  data  probably  explains  the  discrepandes  between  the  observa- 
tions of  Sowinski  and  those  of  Baeyer  and  Schoder,  since  the  former 
states  that  the  dibromide  is  not  completdy  soluble  in  alkali,  while 
the  latter  disagree  with  this  statement  and  daim  that  a  dear  solution  in 
alkali  is  obtained. 

The  rate  of  decomposition  of  the  dibromide  with  5%  aqueous  potas* 
slum  hydroxide  solution  at  room  temperature  (about  25  ^)  is  extremdy  rapid 
as  is  indicated  by  the  following  table.  A  weighed  quantity  of  the  dibro- 
mide was  dissolved  in  a  known  volume  of  standardized  alkali  and  i  cc. 
portions  withdrawn  at  definite  time  intervals,  the  excess  of  alkali  being 
determined  by  adding  a  known  excess  of  standard  add  and  titrating 
back  to  color  (using  phenolphthaldn)  with  standard  alkaU.  Table  III 
shows  that  most  of  the  dibromide  is  decomposed  during  the  first  five  min- 
utes and  that  the  decomposition  is  complete  after  fifteen  minutes.  The 
total  amount  of  alkali  used  corresponded  very  closely  with  the  theoretical 
amount  for  the  elimination  of  two  molecules  of  hydrobromic  add.  The 
correction  for  the  amount  of  alkali  neutralized  by  the  carboxyl  group 
has,  of  course,  been  applied  to  the  figures  given  in  Table  III: 

Tabls  III. 

Total  time  of  reaction o         5        15        30  min. 

No.  of  cc.  of  o.oi  iV  KOH  required 0.0    22.4    55.6    35.6  cc. 

^  Sowinski's  statement  that  a  mono  bromo  derivative  of  a  dihydro  add  is  ob- 
tained under  these  conditions  was  not  confirmed  since  it  was  found,  by  conducting  the 
experiment  with  a  standard  alkali  solution,  that  exactly  two  molecules  of  hydrobromic 
add  were  dimtnated.  It  is  probable  that  Sowinski  obtained  a  mixture  of  dibiomo 
add*  a-naphthdc  add,  and-  the  mono  bromo  derivative. 
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Prom  the  dibromide,  the  original  dihydro  add  was  recovered  by  means 
of  glacial  acetic  add  and  zinc  dust.  By  use  of  the  same  method  Schoder 
obtained  a  product  melting  at  85  ^. 

Decomposition  with  Alkali  of  the  Dibromide  of  the  Stable  Acid.— Three 
grams  of  the  dibromide  were  dissolved  in  60  cc.  of  approximately  5% 
aqueous  potassium  hydroxide  solution.  The  liquid  soon  assumed  a  light 
purple  color  which  in  the  course  of  one-half  hour  changed  to  a  wine-red. 
Upon  addification,  the  color  of  the  solution  changed  to  yellow.  The  col- 
ored product  is  addic  in  nature  for  it  may  be  extracted  with  ether  only 
after  the  alkaline  solution  has  been  addified.  It  was  separated  from  the 
dihydroxy  derivative  described  below,  by  means  of  its  greater  solubility 
in  ether. 

The  acid  solution  was  extracted  repeatedly  with  ether;  extractions  i  and 
2  were  set  aside  because  of  the  |M*esence  of  the  colored  impurity  mentioned 
above,  while  extractions  3  to  10  were  combined,  dried  with  anhydrous 
sodium  sulfate,  and  the  ether  evaporated  for  the  isolation  of  any  water 
soluble  add  present.  The  add  crystallized  from  the  ether  solution,  after 
partial  evaporation  of  the  latter,  in  the  form  of  white  plates.  (Melting 
point  175**  d.)  The  add  is  only  sparingly  soluble  in  ether  but  very  sol- 
uble in  water,  which  agrees  with  the  properties  of  a  hydroxy  add.  Its 
aqueous  solution  does  not  reduce  potassium  permanganate  solution  in- 
stantly, as  is  the  case  with  the  imsaturated  adds.  Its  neutral  equiva- 
lent was  determined  with  the  following  results: 

0,0381  g.  of  substance  required  8.80  cc.  of  0.0207  ^  NaOH.     Neutral  equivalent 
found  «  209.    Theory  for  CnHuOi  "  208. 
Sttbst.,  0.1476;  COj,  0.3364;  HjO,  0.0782. 
Theory  for  CnHuOi:  C,  63.46%;  H,  577%-    Found:  62.15%,  3,88%. 

The  rate  of  decomposition  of  the  dibromide  of  the  stable  dihydro  add 
was  also  followed  by  titration  as  was  described  above  for  the  labile  iso- 
mer. The  quantity  of  alkah  used  again  corresponded  dosdy  with  the 
theoretical  amount  required  for  the  elimination  of  two  molecules  of  hydro- 
brdmic  add>  and  it  was  again  found  that  most  of  the  decomposition 
took  place  dtuing  the  first  five  minutes. 

Reduction  of  ly4-Ethoxynairitthoic  Acid.' — Five  grams  of  this  acid 
were  reduced  in  hot  alkaline  solution  using  3%  sodium  amalgam,  a  stream 
of  carbon  dioxide  being  passed  into  the  solution.  The  first  portion  of 
amalgam  (200  g.)  reacted  quidcly,  indicating  that  reduction  was  taking 
place.  When  a  small  portion  of  the  solution  was  treated  with  several 
drops  of  dilute  potassitun  permanganate  solution  instantaneous  decoloriza- 
tion  took  place,  indicating  partial  reduction  of  the  ethoxy  add,  since  the 
original  product  was  stable  toward  permanganate.    The  total  amount 

^  The  preparation  and  proof  of  structure  of  this  add  will  be  presented  in  a  later 
paper  from  this  laboratory. 
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of  3%  amalgam  required  to  complete  the  reduction  was  1200  g.  An 
add  was  isolated  which  was  quite  stable  toward  permanganate,  as  would 
be  expected  of  a  tetrahydro  add.  The  mdting  point  without  special 
purification  was  found  to  be  81  ^,  slightly  lower  than  that  of  tetrahydro-oe- 
naphthoic  add.  Results  of  the  titration  for  the  neutral  equivalent 
were  as  follows: 

0.1390  and  0.0916  g.  add  —  9.35  and  6.20  cc.  0.085  N  alkali.    Neutral  equivalent 
found  (i)  175  and  (2)  174. 

The  above  neutral  equivalents  agree  with  the  theoretical  value  (176) 
for  tetrahydro-a-naphthoic  add,  indicating  that  the  ethoxy  group  had 
been  eliminated  in  the  process  of  reduction. 

USBANA.   IlX. 


ZmOIBBROI^A  RBW  SESQUITBRPENE  ALCOHOL  OCCURRING 
IN  THE  ESSENTIAL  OIL  OF  GINGER. 

By  BtMjAimr  T.  BKOOKa. 
ReodVed  November  18,  1915. 

It  is  a  well-known  fact  that  the  distilled  oil  of  ginger,  Zingiber  officinal 
Roscoe,  possesses  the  characteristic  aroma  of  ginger.  The  odor  is  not  in- 
tense, but  is  very  persistent,  recalling  sandal  wood  oil  in  this  respect* 
Gildemdster  and  Hoffman^  state  "Only  a  few  of  the  important  constit- 
uents of  ginger  oil  are  known;  of  the  substances  which  give  it  the  diarao 
teristic  odor  nothing  is  known." 

In  the  course  of  an  examination  of  ginger  oil  which  had  been  freed  of 
terpenes  and  sesquiterpenes,  the  author  isolated  and  identified  dtral, 
methyl  heptenone,  nonylaldehyde,  linalool,  d-homeol,  acetic  and  caprylic 
adds,  combined  as  esters,  a  trace  of  a  phenol  which  was  probably  chavicol 
though  not'  positively  identified,  cineol  and  also  a  sesquiterpene  alcohol^ 
CuHmO,  which  evidently  bears  the  same  relation  to  the  sesquiterpene, 
zingiberene,  as  santalol  does  to  santalene,  and  since  it  imparts  to  ginger 
oil  the  peculiar  persistent,  though  mild,  ginger  odor,  I  have  called  it 
stingiberoL  Although  all  of  the  constituents  of  giii^^er  oil  contribute  some- 
thing to  the  composite  odor  of  the  fresh  root,  the  alcohol  zingiberol  is 
the  only  one  of  them  possessing  the  peculiarly  characteristic  fragrance  of 
ginger. 

It  should,  perhaps,  be  pointed  out  that  ginger  oil  does  not  produce 
the  sharp  pepper-like  sensation  when  introduced  into  the  mouth  that  is 
produced  by  the  fresh  root,  and  that  the  so-called  "gingerol"  claimed  by 
Gamett  and  Order'  to  have  been  isolated  by  them  has  no  existence  in 
fact.  The  latter  authors  did  not  characterize  their  gingerol  further  than 
that  it  probably  was  a  phenol  and  possessed  a  sharp  stinging  taste.    Fol- 

1  Gildemeister  and  Hoffman,  "Die  Aetheiische  Ode/'  Leipsig,  a,  292  (1913). 
»  Chem.  ZcfUr.,  1907,  II,  924;  iQOQi  H.  1593- 
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lowing  their  directions,  I  isolated  from  the  aqueous  alkaline  extract,  by 
passing  in  CO^^  a  very  small  quantity,  about  2%,  of  oil,  consisting  of  a 
mixture  of  the  sesquiterpene  alcohol  zingerberol  and  a  trace  of  a  phenolic 
substance  Tvhose  taste  was  phenolic  and  suggestive  of  chavicol. 

ZingiberoL 
From  150  g.  of  ginger  oil,  free  from  terpenes  and  sesquiterpenes,  there 
were  obtained  41 .5  g.  of  oil  distilling  from  130^  to  160^  at  14  mm.  pres- 
sure.   By  repeated  fractionation,  this  crude  fraction  yielded  24  g.  of  oil 
boiling  from  154^  to  157^  C.  at  14.5  mm.    Combustion  analysis  gave: 

Pound.     Per  cent.  Calculated  for 


C. 
H. 


I 

IL     - 

80 

90    . 

81 

54 

II 

40 

II 

78 

CuHmO. 

CmBmO. 

81.08 

81.81 

II. 71 

10.90 

The  substance  is  neither  a  ketone  nor  aldehyde.  Treatment  with  semi* 
carbazide  in  the  usual  manner  gave  negative  results,  and  an  attempt  to 
prepare  the  oxime  resulted  in  an  oil  entirely  free  from  nitrogen.  Never- 
theless, acetylatioa  by  heating  with  acetic  anhydride  resulted  in  an  oil 
containing  only  17%  of  ester  calculated  from  the  saponification  number. 
Combustion  anal3rses  of  the  acetylated  oil  also  showed  that  very  little 
dehydration  had  taken  place.  Treatment  of  the  substance  with  phenyl* 
iflocyanate  gave  no  phenylurethane  after  standing  four  days.  This  fact, 
together  with  its  behavior  to  acetic  anhydride,  indicates  that  the  alcohol 
is  secondary  or  more  probably  tertiary.  Sodium  in  dry  ether  readily 
forms  a  sodium  compound  with  the  substance,  and  on  gentiy  heating 
with  potassium  add  sulfate,  water  is  split  off,  yielding  a  hydrocarbon 
CuHm»  boiling  point  255-257^1  and  identical  with  zingiberene  or  iso- 
zingiberene.    Combustion  analysis  gave: 

Calc.  for  CikHm:  C,  88.15;  H,  11.S5.    Found:  88.10,  1141. 

Treatment  of  the  hydrocarbon  with  HCl  in  glacial  acetic  add  3ddded 
«5^-ringiberene  dihydrochloride,  m.  p.  169°. 

On  treating  the  alcohol  with  hydrogen  chloride  or  hydrogen  bromide 
in  glacial  acetic  add  solution  and  allowing  to  stand  for  two  days,  there 
are  deposited  crystals  of  is^zingibeme  dihydrochloride,  mdting  point 
169®,  or  the  dihydrobromide,  mdting  point  176**.^  The  dihydrobromide» 
recrystallized  from  gladal  acetic  add,  gave  the  following  analysis: 

Calc. for CiiH«Bn:Per cent.  C, 49.x8; H, 7.11; Br, 43.71.    Pound: 49*ti; 7-2$; 43.7$, 

Since  zingiberol  3ridds  a  dihydrochloride  and  a  dihydrobromide  iden- 
tical with  the  dihydrochloride  and  dihydrobromide,  respectively,  of  the 
sesquiterpene  zingiberene,  it  is  probable  that  on  treating  the  alcohol 
with  halogen  adds  a  ring  formation  occurs,  as  has  been  shown  by  Semmler* 
1  Semmler,  Ber,,  46,  1822  (1913)- 
^Lac.cU. 
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to  be  the  case  with  zmgiberene*  If  the  constitution  advanced  by  Semmlev 
for  zingiberene  and  i^a-zingiberene  are  correct,  then  the  constitution  of 
zingiberol  is  probably  one  of  the  following: 

CHiv      yCHt  CHiv      y^CHt 


-     '  '    "^-sl 


In  working  with  ginger  oil,  the  author  was  much  impressed  by  the 
rapidity  with  which  tesinification  occurs.  This  is  particularly  true  of  the 
pure  hydrocarbon  zingiberene,  which,  as  Semmler  has  shown,  contains 
two  conjugated  double  bonds,  as  in  m3n:cene  and  isoprene.  The  author's 
experience  with  both  the  distination  and  extraction  of  fresh  vetiver  root, 
the  essential  oil  of  which  also  consists  chiefly  of  sesquiterpenes  and  their 
derivatives,  proved,  that  better  yields  of  oil  were  obtained  and  that  the 
oil  was  of  much  superior  quaUty  when  the  roots  were  distilled  or  extracted 
within  a  few  days  of  their  harvest  than  after  storage  several  months,  as 
must  necessarily  be  the  case  With  roots  shipped  to  Europe  for  distillation 
there.  It  is  highly  probable,  therefore,  that  distillation  or  extraction  of 
the  freshly  harvested  ginger  rhizomes  would  give  better  oil  and  in  rela- 
tively larger  3delds  than  the  dried  material  usuaUy  employed. 

PiTTSBUSOa.   PAv 


[CoMnuBunoN  vrou  tab  Cbamxcai^  Rsssarcb  Laboratory,  Ths  Upjohn  Coicpant.] 
SOME  COWSTITUENTS  OP  SUMBUL  ROOT. 

By  Prjidbkxcx  W.  Hsyl  and  Mbrull  C.  Hakt. 
Rteeived  December  20,  1915. 

Since  the  root  of  Ferula  Sumbul  is  an  officially  lecQgnized  drug  of  the 
United  States  Pharmacopoeia,  and  has  for  some  years  been  used  as  an 
antispasmodic,  it  was  deemed  of  interest  to  subject  the  root  to  a  more 
complete  chemical  investigation.  Our  present  knowledge  of  its  con- 
stituents is  fairly  summarized  in  the  United  States  Dispensatory^  where 
it  is  stated  that  the  root  contains  a  volatile  oil,  two  balsamic  resins,  wax, 
gum,  starch,  a  hitter  substance,  fat  (17%),  angelic  and  valeric  adds. 
Kniti,*  with  Tschirch,  isolated  umbelliferon.  Cushny*  classifies  siunbul 
with  valerian,  basing  the  similarity  upon  the  presence  of  malodorous 
volatile  oilSi  which  may  act  psychically  and  physiologically.  Since  the 
oil  of  sumbul,  in  consequence  of  the  study  of  the  other  constituents  re- 

*  U.  S.  Dispensatory,  19th  Ed.,  1209. 
'  Archiv.  Pharm.,  237,  270  (1899). 


•  "Pharmacology  and  Therapeutics,"  73  (1906). 
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ported  in  this  paper,  appears  to  be  important  in  this  connection,  we  shall 
report  upon  it  later. 

It  is  generally  stated  that  the  musk  root  now  upon  the  pharmaceutical 
market  in  the  United  States  is  not  true  Ferula  sumbul;  but  that  in  its 
place  we  have  the  dried  rhizome  and  root  of  an  undetermined  umbellif- 
erous plant,  which  enters  commerce  from  Central  and  Northern  Asia, 
through  the  Moscow  drug  market.  Our  sample  consisted  of  the  unsliced 
root  imported  from  Moscow.  Further  than  this  it  was  impossible  to 
trace  its  origin.    The  root  was  of  a  quality  which  is  now  consida«d  official. 

The  proximate  analysis  shows  that  the  air-dried  root  contained  10.2% 
moisture  and  6.5%  ash.  Ligroin  extracted,  1 1.8%;  ether^  14.6% ;  and  alco- 
hol, 27.4%.  The  residue  insbluble  in  alcohol  had  the  following  composi- 
tion: crude  fiber,  17.5%;  pentosans,  10.6%;  {urotein,  5.4%;  starch,  7.7%; 
dextrin,  1.4%.  The  alcoholic  extract,  which  contains  the  substances 
entering  into  pharmaceutical  preparations,  showed  the  presence  of  x.7% 
sucrose,  approximately  1.0%  levulose,  and  the  resin  after  hot  extraction 
amounts  to  18.7%.  There  is  a  very  considerable  discrepancy  in  the  ex* 
tractive  matter  removed  by  alcohol,  depending  upon  the  temperature. 
Whereas  boiling  95%  alcohol  extracted  27.4%  of  sumbul  root,  the  cold 
percolation  which  was  exhaustively  completed,  extracted  only  about 
20%,  and  about  17.3%  was  precipitated  by  the  addition  at  water. 

The  products  present  in  the  alcoholic  solution  (obtained  by  cold  per- 
colation) and  soluble  in  water  besides  the  sugars  above  mentioned,  are 
acetic  acid,  a  glucoside  of  umbelliferon,  and  betaine. 

The  resin  -insoluble  in  water,  which  forms  the  most  conspicuous  portion 
of  this  drug,  was  extracted  successively  with  Ugroin,  ether,  chloroform, 
ethyl  acetate,  and  alcohol. 

The  ligroin  extract  consisted  to  the  extent  of  about  17%  of  resinous 
material  other  than  fat.  This  product  was  a  white  add  resin,  soluble 
in  one  per  cent,  potassium  hydroxide,  and  yielded  upon  hydrolysis  vanillic 
add  and  an  oil  resembling  the  volatile  oil.  The  fat  yidded  a  large  amount 
of  indefinite  unsapcmifiable  material,  of  which  one  fraction  showed  a  con- 
stant boiling  point  at  168-173^  at  12  mm.  and  upon  analysis  gave  values 
indicating  the  formula  CgHisO.  The  unsaponifiable  matter  further 
yielded  a  phytosterol,  QtH^O,  mdting  at  134-135°.  The  corresponding 
acetate  melts  at  121-122**.  The  following  fatty  adds  were  identified: 
acetic,  butyric,  valerianic,  tiglic,  angelic,  oldc,  Unoldc,  cerotic,  palmitic 
and  stearic  adds. 

The  ether  extract  of  the  resin,  yielded  a  phytosteroUn,  CaaH^eOt,  mdting 
at  290°.  It  formed  an  acetate  that  melted  at  159-160°.  A  trace  of 
vanillin  was  indicated  by  color  tests.  The  ether  extract  consists  of 
neutral  resinous  (42%)  and  addic  resinous  (52%)  constituents.  The 
former  proved  to  be  an  ester,  and  3ddded  tunbellif eron  wd  therefore 
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belongs  with  the  group  that  includes  galbanum,  sagapen  and  asafoetida. 
The  acidic  resin  could  be  prepared  as  an  almost  white  powder,  but  frac- 
tional extraction  indicated  this  to  be  a  mixtiu-e  of  resin  adds.  These 
acids  upon  hydrolysis  3rield  both  vanillic  acid  and  umbdliferqn. 

The  chloroform  extract  of  the  resin  consisted  largely  of  a  resinous 
glucosidic  substance.  It  yielded  umbelliferon  and  glucose  upon  hydrol- 
ysis. 

The  product  extracted  from  the  resin  with  ethyl  acetate  was*  not  glu- 
cosidic but  umbelliferon  was  prepared  from  it  after  hydrolysis. 

The  alcoholic  extract  of  the  resin  also  3delded  umbelliferon  and  a  re- 
ducing sugar  upon  hydrolysis. 

Experimental. 

A.  Proximate  Analysis  (By  Mr.  J.  F.  Staley).— A  sample  of  the 
air-dried  root  after  grinding  and  sieving  was  quantitatively  extracted 
with  various  solvents  and  the  following  results  were  obtained: 

Extrnct.  Percent. 

Ligroin  (35-55*). ........../.....: n  .7^,  ii  .83 

Bther  (no**) i 14.66, 14.55 

Volatile  ether  extra^ (see  below,  volatile  oil) 

Alcoholic 27.6,    37 .  14 

The  proximate  anal3rses  were  conducted  in  accordance  with  the  usual 
methods^  and  gavt  the  results  tabulated  below: 

Pitr  ctnt.  Ptr  cent. 

Moisture 10. 17  Protein 5 .5»  5 .3 

Starch  (diastase) 7.7  Ash 6.5,6.4 

Pentosans 10.6  Dextrin 1.4 

Crude  fiber 17.15,17.6 

A  determination  of  the  alcohol  soluble  carbohydrates  was  carried  out 
by  completely  extracting  100  g.  of  the  root  with  boiling  neutral  akohoL 
The  combined  alcoholic  extracts  were  concentrated  under  dinunished 
pressure  to  a  small  volume,  and  enough  water  was  added  to  completely 
precipitate  the  resin.  This  mixture  was  shaken  repeatedly  with  ether  in 
the  volumetric  flask,  in  order  to  remove  as  much  of  the  resin  as  possible. 
The  ether  was  removed  with  a  pipeL  The  last  traces  of  ether  were 
removed  by  passing  a  current  of  air  through  the  solution,  which  was 
thereupon  precipitated  with  an  excess  of  basic  lead  acetate  solution  and 
made  up  to  a  voltune  of  200  cc.  This  solution  was  filtered  and  the  fil- 
trate showed  a  rotation  of  — 1.78°  V,  at  20**  in  a  2  dcm.  tube.  Lead 
was  removed  from  the  solution  and  12.5  cc.  were  inverted  by  permitting 
it  to  stand  in  the  presence  of  hydrochloric  acid  for  24  hours.  The  solu- 
tion was  neutralized  and  made  up  to  a  volume  of  50  cc.  This  showed 
a  rotation  of  — 0.6®  in  a  2  dcm.  tube.  The  percentage- of  sucrose  calcu- 
1  U.  S.  Dept.  Agr.,  Bur.  of  Chem.,  BM,  107  (revised). 
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lated  by  Clerget's  formula  is  1.64%.  It  is  further  indicated  that  the  re- 
ducing sugar  is  levulose  in  an  amount  of  approximately  0.51%.  Gravi- 
metric estimations  of  the  sugars  by  the  Mtmsoo.  and  Walker  modifica- 
tion of  Fehling's  process  gave  1.87%  sucrose  and  1.0%  of  reducing  sugar. 

Sumbul  root  was  examined  for  the  presence  of  alkaloids  by  extracting 
a  200  g.  sample  with  Prolius'  solution  but  with  negative  results. 

Volatile  oil  vras  determined,  first  by  steam  distilling  one  Idlo  of  the 
coarsely  ground  drug  for  a  few  hours.  The  yield  was  6.8  g.  oil  corre- 
sponding to  0.68%.  When  a  500  g.  sample  of  finely  sieved  material  was 
distiQed  for  several  days  5.51  g.  of  oil  (1.1%)  was  obtained. 

The  dH  on  standing  deposited  a  few  yellow  crystals  that  melted  at 
113-114®  but  these  were  not  identified.  The  oil  had  a  specific  gravity 
of  0.932  at  15^.  Upon  distillation  the  higher  fractions  turned  dark  blue 
in  color.    A  qualitative  test  for  sulfur  was  negative. 

B.  Conqilete  Bzamination  of  Alcoholic  Extract — ^Por  this  purpose 
56.7  1^.  were  exhausted  by  percolation  with  cold  95%  alodioL  The 
percolate  (327  1.)  was  concentrated  under  diminished  pressure  to  a  volume 
of  15.7  liters  (i  1.  »  3.6  kg.  sumbul  root). 

Two  liters  of  this  extract  were  poured  into  8  L  of  distilled  water  and 
vigorously  shaken.  A  lieavy,  sticky,  viscous,  light  brown,  semi-Uquid 
separated.  After  standing  24  hours  the  aqueous  layer  was  decanted, 
and  the  resin  was  washed  with  a  second  addition  of  distilled  water.  The 
resin  weighed  1231  g.»i7.i%.  A  second  2  Uter  portion  gave  1251  g. 
A  third  lot  was  precipitated  and  the  resin  fraction  on  the  one  hand,  and 
the  fraction  representing  the  water-soluble  constituents  on  the  other, 
were  studied  separately. 

The  KyaynJMtion  of  the  Water-Soluble  Constituenta.— This  solu- 
tion (30  1.)  contained  the  water-soluble  constituents  from  6  1.  of  the  al- 
coholic extract  representing  21.6  kg.  of  the  root.  It  contained  520  g. 
of  material  and  was  concentrated  to  a  v<dume  of  3  1.  under  reduced  pres- 
sure. The  distillate  obtained  was  distinctly  add.  It  was  therefore 
rendered  alkaline  with  barium  hydroxide  and  concentrate  to  a  small 
volume,  again  rendered  acid  and  steam  distilled.  Acetic  acid  was  identi- 
fied as  the  silver  salt. 

Calc.  for  CtHgOsAg:  Ag  *-  64.6.    Pound:  64.1%. 

The  concentrated  solution  was  extracted  repeatedly  with  large  volumes 
of  ether.  The  ethereal  solution,  which  contained  46  g.  of  material,  was 
concentrated  to  a  small  volume  and  fractionally  extracted  with  solutions 
of  hydrochloric  add  (10%},  water,  ammonium  carbonate,  sodium  carbonate, 
and  potassium  hydroxide  successively.  Nothing  definite  was  isolated 
from  these  fractions,  although  the  sodium  carbonate  fraction  upon  addifi- 
cation  yielded  slight  amounts  of  crystalline  material. 

The  aqueous  solution  which  had  been  completdy  extracted,  was  ex- 
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tracted  with  chloroform,  which  removed  13  g.  of  dark,  oily  material, 
from  which  nothing  of  a  crystalline  nature  could  be  obtained.  The 
aqueous  layer,  after  the  above-mentioned  ether  and  chloroform  extractions, 
was  repeatedly  shaken  with  hot  amyl  alcohol.  The  combined  amyl 
alcoholic  extracts  were  concentrated  and  washed  repeatedly  with  water 
tmtil  free  from  reducing  sugar.  Upon  further  concentration  of  the  amyl 
alcoholic  extracts  several  crops  of  brown  amorphous  hygroscopic  material 
separated.  These  could  not  be  crystallized.  The  amyl  alcohol  was 
completely  removed.  Altogether  122  g.  of  material  were  present  in  this 
fraction,  but  its  dark-colored,  varnish-like  nature  prevented  crystalliza- 
tion even  after  prolonged  standing.  For  add  hydrolysis  42  g.  were  di- 
gested for  two  hours  with  5%  dilute  alcoholic  sulfuric  add.  Upon  re- 
moval of  the  alcohol,  a  smear  separated.  Water  was  added  and  the 
whole  subjected  to  a  steam  distillation.  The  oily  distillate  which  had  an 
odor  resembling  furfuraldehyde  failed  to  give  the  f urfuraldehyde  test 
When  the  contents  of  the  flask  which  had  been  steam-distilled  had  cooled 
a  black  resin  separated,  in  which  were  admixed  wart-like  aggregates  of 
crystalline  material.  The  resin  was  therefore  repeatedly  extracted  with 
boiling  water.  This  was  facilitated  by  blowing  steam  through  the  mix- 
ture. Altogether  2.9  g.  of  crystalline  material  separated  from  these 
watery  extractions.  The  product  was  crystallized  from  dilute  alcohd 
and  from  hot  water.  It  separated  in  beautiful  star-like  aggregates  of 
fine  needles,  mdting  at  227  ^  These  oystals  gave  a  blue  fluorescence 
in  alkaline  solution.  They  were  identified  as  umbelliferon. 
Cak.  for  C»H<Oi:  C,  66.67;  H,  3.7.    Found:  C,  66.63;  H,  3.9. 

The  blade  resin  was  dissolved  in  alcohol,  poured  upon  purified  saw- 
dust and  extracted  with  various  solvents,  but  no  crystalline  compounds 
were  isolated  from  it. 

The  combined  add  aqueous  liquid  from  which  umbelliferon  had  crystal- 
lized, was  concentrated  to  a  small  volume  and  extracted  with  ether,  which 
dissolved  a  further  quantity  of  umbelliferon.  The  sulfuric  add  was  quan- 
titativdy  removed  from  the  aqueous  solution,  from  which  d-phenyl 
glucosazone  mdting  at  204-205^  was  prepared.  No  pentose  sugar  was 
present.  The  quantity  of  redudng  sugar  present  was  equivalent  to  11.27 
g.  glucose. 

One  of  the  products  extracted  by  amyl  alcohol  is  therefore  distinctly 
shown  to  be  glucosidic  in  nature,  and  is  tmdoubtedly  a  body  similar  or 
isomeric  with  the  glucoside  of  Skimmia  japonica,^ 

The  aqueous  liquid  which  had  been  extracted  with  ether  and  with 
amyl  alcohol  was  freed  from  the  latter  immisdble  solvent  by  means  of 
a  vigorous  steam  distillation.    The  total  voltune  at  this  point  was  10  liters. 

The  distribution  of  nitrogen  in  this  solution  was  as  follows:  Total 
1  Eykman,  Recent  traw.  chim.  pays-has.,  1884,  p.  204. 
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solubte  nitrogen,  3.8  g.  or  0.017%;  ammonia  nitrogen,  1.23  g.  or  0.0057%; 
lead  subacetate  predpitable  nitrogen,  1.31  g.  or  0.0068%;  nitrogen  pre- 
cipitated with  phosphotungstic  add,  0.463  g.  or  0.0021%. 

In  order  to  test  for  add  amides  sudi  as  asparagine  and  glutamine, 
one-fifth  of  the  solution  was  predpitated  with  mercuric  acetate  solution, 
but  only  a  very  slight  separation  took  place.  Its  subsequent  examinations 
for  asparagine,  glutamine,  and  allantoine  were  negative. 

The  remaining  four-fifths  was  completely  predpitated  with  basic  lead 
acetate,  whereupon  a  predpitate  separated.  This  was  removed  by 
filtration  and  decomposed  with  hydrogen  sulfide  in  the  usual  manner. 
The  material  predpitated  with  lead  subacetate  wdghed  but  six  grams. 
The  usual  tests  for  tannin  were  negative.  It  was  mixed  with  purified 
sawdust  and  extracted  with  various  solvents  but  this  led  to  no  ptu-e  prod- 
ucts.   An  alkaline  hydrolysis  yidded  no  definite  compounds. 

The  filtrate  from  the  lead  subacetate  predpitate  was  freed  from  the 
excess  of  lead  with  hydrogen  sulfide  and  after  filtering  off  the  lead  sulfide, 
the  filtrate  was  concentrated  to  a  syrup.  A  small  portion  of  this  syrup, 
which  has  been  shown  to  contain  levulose  and  sucrose  yidded  a  heavy 
crystalline  deposit  of  pure  ct-phenylglucosazone  which  mdted  and  de- 
composed at  210-31 1  ^    Pentose  sugars  were  absent. 

The  remainder  of  this  solution  was  predpitated  with  an  excess  of  phos- 
photungstic acid  in  the  presence  of  5%  sulfuric  add,  and  the  resulting 
predpitate  was  removed  by  filtration,  washed  with  5%  phosphottmgstic 
add  wash  and  decomposed  by  the  method  of  Wechsler.^ 

The  solution  of  the  basic  products  was  made  up  to  a  volume  of  500  cc. 

35  cc.  distilled  with  MgO  yielded  no  anunonia. 

25  cc.  required  by  the  Kjeldahl  method  12.58  cc.  o.i  i^T  add. 

The  remainder  of  the  solution  of  basic  products  was  concentrated  to 
a  syrup  at  33  ^  This  was  extracted  with  150  cc,  of  absolute  alcohol 
and  filtered.  The  alcohol  was  removed*  and  upon  again  treating  the 
residue  with  absolute  alcohol  an  amorphous  hygroscopip  solid  separated. 
The  filtrate  from  this  now  proved  to  be  freely  soluble  in  absolute  alcohol 
and  upon  the  addition  of  concentrated  hydrochloric  add  crystals  con- 
sisting chiefly  of  betaine  hydrochloride  separated.  The  yield  amounted 
to  0.5  g.  or  0.019%.  These  crystals  were  not  quite  homogenous.  After 
several  crystallizations  from  alcohol  the  mdting  point  was  about  229- 
232*.  Some  parts  of  the,  crystalline  mass  which  had  the  typical  appear- 
ance of  betaine  hydrochloride  could  be  picked  out,  and  after  rinsing  with 
absolute  alcohol  the  melting  point  found  was  235^.  The  chlorine  deter- 
mination also  indicated  the  presence  of  another  base. 

Calc.  for  CiHiiO,N.HCl:  CI,  23-1%.    Found:  CI,  24.5%. 
»  Z.  physiol.  Chem.,  73,  138  (191 1). 
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Pure  betaine  was  identified  after  a  fractional  crystallization  as  the 
gold  salt. 

Calc.  for  CiHuOsN.AuCU:  Au,  43.1%.    Found:  Au,  43.2%- 

Cholin  was  absent.  A  fractional  crystallization  of  the  mercuric  chlorides 
failed  to  indicate  any  separations.  The  most  insoluble  fraction  of  the 
mercuri-chlorides  when  decomposed  with  hydrogen  sulfide,  and  con- 
verted into  the  corresponding  gold  salt  yielded  a  very  pure  sample  of 
betaine  aurichloride  melting  at  246-247^  and  containing  43.1%  gold. 
The  melting  point  of  the  following  fraction  was  239-240°  and  it  contained 
42*7%  gold.  The  base  here  is  chiefly  betaine,  but  another  substance  is 
also  present  in  the  fraction. 

The  Examination  of  the  Resin. — ^The  resin  precipitated  when  the 
alcoholic  extract  was  poured  into  water  weighed  about  3.7  kg.  This  in 
alcoholic  solution  was  poured  upon  purified  sawdust,  after  it  had  been 
ascertained  that  notliing  crystalline  could  be  directly  separated  from  it. 
A  suitable  quantity  of  the  dried  impregnated  sawdust  was  transferred  to 
a  continuous  extractor  and  extracted  with  the  following  results: 

Petroleum  ether  (4o-€o**) 357  g. 

Ether 316 

Chloroform 46 

Ethyl  acetate 19 

Alcohol 18 

Total 756  g. 

The  Ligroin  Extract. — ^This  extract  amounted  to  357  g.  It  was  dissolved 
in  2  liters  of  ether  and  then  extracti&d  with  solutions  of  hydrochloric  add, 
water,  and  ammonium  carbonate.  None  of  these  extractions  yielded 
definite  products.  The  ethereal  solution  was  now  shaken  with  a  solution 
of  potassium  carbonate  whereupon  an  emulsion  formed.  The  mixture 
was  acidified  and  then  a  dear  ethereal  solution  was  recovered  whidi  was 
successfully  extracted  with  a  ten  per  cent,  solution  of  potassium  hydroxide. 
The  combined  potassium  hydroxide  extractions  were  addified  and  ex- 
tracted with  ether,  and  from  this  ethereal  solution  the  substances  soluble 
in  aqueous  potassium  carbonate  solution  could  now  be  extracted,  leaving 
at  length  an  ethereal  solution  containing  62  g.  The  constituents  of  the 
ether  solution  which  were  scduble  in  potassium  carbonate  solution  were 
again  extracted  with  ether  after  addif3ring  the  solution  of  the  potassium 
salts.  The  solution  was  dried  over  anhydrous  sodium  sulfate  and  the 
ether  removed.  The  residue  whidi  weighed  32  g.  was  distilled  under 
diminished  presstue.  The  boiling  point  was  234-275  ^  at  28  mm.  and  it  had 
an  iodine  number  of  101.3.  These  fatty  adds  were  studied  in  connection 
with  those  obtained  upon  the  subsequent  hydrolysis  of  the  glycerides. 

The  material  soluble  in  potassium  hydroxide  solution  was  almost 
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entirely  removed  from  its  ether  solution  by  fractiotial  extraction  with 
one  per  cent,  potassium  hydroxide  solution.  Upon  acidification  this  resin 
could  be  obtained  as  a  brittle  solid.  It  yielded  the  same  products  when 
hydrolyzed  in  add  and  in  alkaline  alcoholic  solution.  The  add  hy- 
drolysis, however,  was  more  satisfactory,  and  after  heating  for  many 
hours  with  5%  alcoholic  sulfuric  add  the  alcohol  was  removed  by  steam 
distillation. 

The  steam  distillate  3added  a  small  quantity  of  an  oil  resembling  the 
volatile  oil  of  sumbul.  The  fraction  boiling  bdow  230^  was  colorless 
while  the  fraction  boiling  at  230-250°  was  dark  blue  in  color. 

The  black  resinous  hydrolysis  products,  contained  in  the  flask  were 
extracted  with  ether.  The  ether  was  extracted  with  solutions  of  am- 
monium carbonate,  potassium  carbonate,  and  potassium  hydroxide. 
From  the  ammonium  carbonate  extract,  vanillic  add  was  obtained. 
It  melted  at  206.5  ^  207.5°.    It  was  dried  at  125°  and  analyzed. 

Calc.  far  CtHg04:  C,  57.1;  H,  4.8.    Found:  C,  571;  H,  4.7. 
The  methyl  ester,  prepared  in  the  usual  manner,  mdted  at  62--63°. 

The  potassium  carbonate  extraction  showed  a  blue  flucn-escence,  but 
nothing  coidd  be  obtained  from  it.  The  potassium  hydroxide  solution 
removed  most  of  the  hydrolytic  products.  These  were  recovered  and 
again  hydroljrzed  with  a  further  quantity  of  5%  alcohdic  sulfuric  add, 
but  no  further  yield  o£  vanillic  add  was  obtained.  The  material  soluble 
in  potassium  hydroxide  scdution  was  fractionally  distilled  at  a  pressure 
of  17  mm.  Five  fractions  were  obtained:  (I)  up  to  150°,  (II)  150-170°, 
(III)  170-205°,  (IV)  205-212°,  (V)  above  212°.  Fractions  I,  II,  III  were 
soUds  from  which  a  considerable  quantity  of  vanillic  add  (206-207°) 
was  isolated.  The  upper  fractions  were  amber-colored  oils  that  s(didified. 
They  resemble  somewhat  the  higher  boiling  fractions  obtained  in  the 
tmsaponifiable  fraction  of  the  fat. 

The  original  ethereal  solution  which  bad  been  extracted  as  described 
above  was  evaporated  to  dryness  and  the  residue  of  neutral  substances 
was  saponified  by  boiling  with  700  cc.  of  ten  per  cent,  alcoholic  potash 
for  about  seven  hours.  The  alcohol  was  removed  and  water  added  in 
sufficient  quantity  to  completely  predpitate  the  unsaponifiable  material. 
This  was  extracted  with  ether.  • 

Examination  of  the  Unsaponifiable  Matter. — ^The  dried  solution  was 
evaporated  to  dryness  and  the  residue  proved  to  be  an  oil  which  could 
not  be  direcdy  crystallized.  The  material  was  divided  into  two  equal 
parts  and  fractionally  distilled  under  diminished  pressure.  The  results 
upon  the  first  half  were  as  follows: 

Fraction  I.  (B.  p.  100-174°  at  27-24  mm.)  This  was  a  yellowish 
limpid  pil  with  a  somewhat  fragrant  odor  and  amounted  to  about  7  g. 

Fraction  II.    (B.  p.  174-190°  at  25  mm.)     This  is  an  olive-green 
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oil  amounting  to  about  ii  g.  The  viscosity  seemed  to  increase  notice- 
ably and  the  fraction  was  therefore  stopped  at  190^. 

Fraction  III.  (B.  p.  190-205**  at  28  mm.)  This  was  a  thidc  olive- 
green  oil  amounting  to  about  14  g. 

Fraction  IV.  (Up  to  267**  at  30  mm.)  This  is  a  thick  viscid  fraction 
which  did  not  solidify  and  weighed  about  23  g* 

Fraction  V.  (B.  p.  290-360°  at  17  mm.)  This  weighed  4.4  g.  and 
partially  solidified. 

The  other  half  of  the  unsaponifiable  material  was  distilled  in  approxi- 
mately the  same  manner  and  the  light,  limpid  fragrant  oils  which  con- 
stitute the  lower  boiling  fractions  were  fractionally  distilled  several  times. 

The  fractions  were  as  follows: 

Fraction  I.  (Up  to  140°  at  15  mm.)  This  fraction  had  no  sharp  boil- 
ing point  as  some  of  the  material  boiled  at  80°.  It  is  a  very  mobile  yellow 
oil. 

0.1807'  g.  absorbed  0.301  g.  iodine;  iodine  number,  166.6.  0.1902  g.  subst.  gave 
0.1815  g.  HiO  and  0.5564  g.  COt.    Found:  C  «■  79.8;  H  »  10.7. 

Fraction  II.  (B.  p.  140-170*^  at  18  mm.)  This  is  a  yellow  oil,  slightly 
less  mobile  than  Fraction  I.    It  was  rather  fragrant  and  was  unsaturated 

Fraction  III.  (B.  p.  175-180®  at  15  mm.)  This  fraction  appeared 
to  possess  an  almost  constant  boiling  point.  It  was  redistilled  and  most 
of  it  passed  over  at  168-173®  at  12  mm.  It  was  iight  green  in  color 
and  not  more  than  dightly  mobile  unless  warmed.  Hie  specific  gravity 
at  15®  was  1.0052  and  [aj^  was  — 17.41°. 

2.3353  S-  made  up  to  20  cc.  with  chloroform  showed  a  rotation  of  — ^4.06®  In  a  2 
dcm.  tube 

O.X393  g.  subst.  absorbed  0.2432  g.  iodine;  iodine  number,  174.6.  0.1982  g.  subst. 
gave  0.1482  g.  HtO  and  0.5596  g.  COt.  Calc.  for  CtHuO:  C  »>  76.75;  H  »  X0.5. 
Found:  C  «  77.0;  H  ■■  10.+. 

The  other  fractions  boiling  above  180°  and  below  270^  were  thick  viscid 
oils  and  seemed  similar  to  the  material  which  usually  accompanies  the 
ph3rtosterols  in  this  fraction,  but  the  amount  present  in  sumbul  root  is 
unusually  large.  It  amotmted  to  about  one-half  of  the  entire  fraction. 
The  highest  boiling  fraction  3delded,  when  crystallized  from  ethyl- 
acetate,  2.0  g.  of  a  phytosterol  melting  at- 134^135®. 

Calc.  for  CsrHtfO.HjO:  HjO  «  4.5.    Found:  4.97. 
Calc.  for  CjrH^fcO:  C  •  83.9;  H  -  11.9.    Found:  C  =  84.0;  H  «  12. i. 

0.4786  g.  anhydrous  material  made  up  to  20  cc.  with  chloroform  showed 
a  rotation  of  1.42®  in  a  2  dcm.  tube,  whence  [a]^  =«  — 29.7®. 

It  yielded  an  acetyl  derivative,  that  separated  from  acetic  anhydride 
in  thin,  elongated  plates  terminating  in  an  angle  at  one  end,  and  melting 
at  121-122**.  When  recrystallized  from  ethyl  acetate  the  melting  pcrint 
was  tmchanged.    The  filtrate  from  which  this  2  g.  of  phytostercd  separated 
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yielded  upon  concentratiQii  1.3  g.  further.  ReoystalUzed  once  it  melted 
at  133-134^  and  yielded  an  acetate  identical  in  appearance  with  the  one 
just  described.  The  melting  point  of  the  acetate  separating  from  acetic 
anhydride  was  1 18-1 20*  which  was  elevated  to  1 20-1 2 1  ®  by  one  recrystatli- 
zation.   . 

Examination  of  the  Volatile  Fatty  Acids.— The  alkaline  solution  from 
which  the  unsaponifiable  matter  had  been  extracted  with  ether  was 
divided  into  two  equal  parts,  each  of  which,  after  acidification  with  dilute 
sulfuric  add,  was  steam  distilled  for  eight  hours.  The  odor  of  the  dis- 
tillate resembles  that  of  infusion  of  hops.  The  combined  distillate  was 
almost  neutralized  with  656  cc.  of  0.41  N,  barium  hydroxide  solution. 
This  was  concentrated  under  diminished  pressure  to  a  volume  of  200  cc. 
and  acidified  with  hydrochloric  add,  whereupon  a  quantity  (rf  oil  separated 
which  was  extracted  with  ether.  The  solution  was  dried  over  anhydrous 
sodium  sulfate  and  the  ether  removed.  The  residue,  weighing  about 
17  g.  was  fractionally  distilled  at  atmospheric  pressure.  The  distillate 
was  caught  in  three  fractions:  (I)  up  to  157®;  (II)  157-190®  (6.2  g.) ;  (III) 
190-200®  (9.5  g.).  The  third  fraction,  when  allowed  to  stand  in  the  ice 
chest,  yielded  a  crop  of  beautiful  crystals  of  tiglic  add  melting  at  61®. 
The  fractions  above  recorded  were  now  subjected  to  a  systematic  fractional 
distillation  and  five  fractions  were  obtained. 

Ftacticm  I.  (B.  p.  up  to  125®.)  This  fraction  was  neutralized  with 
ammonium  hydroxide,  concentrated  in  order  to  remove  the  excess  of  am- 
monia and  treated  with  silver  nitrate  scdution.  It  contained  a  small 
quantity  of  acetic  add  as  was  shown  by  the  analjrsis  of  the  silver  salt 
that  separated. 
0.X171  g.  gave  0.07&7  g.  silver.    Calc.  for  CtHtOiAg:  Ag  «  64.6%.    Found:  6x.3%. 

Fraction  11.  (B.  p.  125-165°.)  This  was  an  intermediate  fraction, 
amounting  to  about  3  g.  It  had  the  odor  of  acetic  add  combined  with 
that  of  valerianic  or  butjrric  add. 

0.1331  g.  gave  0.1050  g.  HtO  and  0.3377  S-  COt.    Found:  C  «  48.7;  H  *  8.83. 
Calc.  for  C1H4O1:  C  «  40.0;  H  -  6.7%;  for  C4HtOi:  C  -  545;  H  -  9*1%;  for 
CiHioQi:  C  -  58.8;  H  -  9.8%;  for  CiH|Oi:  C  -  60.0;  H  -  8.0%. 

The  analytical  data  indicates  a  mixture  of  butyric  and  acetic  adds. 

Fraction  III.  (B.  p.  165-180*.)  This  fraction  had  the  odor  of  butyric 
and  valerianic  adds.  When  dissolved  in  aqueous  solution  of  sodium 
carbonate  it  instantly  reduced  potassium  permanganate  solution  in  the 
cold  and  it  therefore  contained  a  quantity  of  unsaturated  add. 

0.2152  g.  gave  0.1549  g.  HtO,  and  0.4308  g.  COt.    C  «  54*6;  H  »  8.1. 

This  fraction  consists  essentially  of  butyric  and  angelic  adds. 

Fraction  IV.  (B.  p.  180-190^)  C  =  59.7;  H  =  8.33.  This  fraction 
was  converted  into  the  silver  salts  which  had  a  constant  composition 
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Calc.  for  C^HTOjAg:  Ag  ^  55-4;  to  CsHBOjAg:  Ag  -  51.7;  for  CftH70>Ag;  Ag  •=  s^.a^ 
Found:  I,  Ag  =  52.1;  II,  Ag  «  520. 

Fraction  V.     (B.  p.  190-195°.)     C  =  59.8;  H  =  8.1. 

These  fractions  are  mixtures  of  angelic  and  tiglic  acids.  The  solid 
acid  which  was  repeatedly  separated  by  freezing  the  high  boiling  fractite^ 
melted  at  62-63°,  and  when  analyzed  gave  resufts  agreeing  with  those 
required  by  tiglic  acid. 

Calc.  for  CsHaOj:  C  -  60.0;  H  »  8.0.    Found:  C  «  60.1,  H  ^  8.i. 

The  aqueous  liquid  from  which  the  above^escribed  adds  had  beeit 
extracted  with  ether  was  again  steam  distilled  and  3rielded  a  crop  ot 
crystals  of  almost  pure  silver  acetate. 

Calc.  for  CiHjOiAg:  Ag  «  64.6.    Found:  Ag  =  64.1%. 

Examination  of  the  Nonvolatile  Fatty  Acids. — ^The  acid  mixture 
which  had  been  steam  distilled  for  the  removal  of  the  fatty  adds  was 
cooled  and  extracted  with  ether.  From  the  dried  solution  the  ether  was 
removed  and  the  residue  digested  with  a  large  volume  of  low  boiling^ 
petroleum  ether.  A  considerable  quantity  of  a  sticky,  brown  smear 
proved  to  be  insoluble.  The  petroleum  ether  was  removed  and  the  fatty 
adds  distilled.  They  had  an  iodine  number  of  121,  and  boiled  chiefly 
at  230-260**  at  15  mm.  However,  a  considerable  quantity  came  over  at 
lower  temperatures,  showing  that  the  steam  distillation  had  not  completely 
removed  the  lower  adds.  The  first  distillate  crystallized  upon  cooling 
and  proved  to  be  tiglic  add  melting  at  63-64**.  Furthermore  a  fraction 
boiling  above  260^  was  caught.    The  wdght  of  these  addd  was  19.2  g. 

This  was  mixed  with  the  adds  which  had  been  originally  extracted 
with  potassium  carbonate  solution.  Of  this  mixture  a  portion  wdghing 
22.4  g.  was  separated  into  the  solid  and  liquid  adds.  The  latter  wdghed 
16  g.,  thus  constituting  about  71%  of  the  fatty  adds.  These  boiled 
chiefly  at  215-245**  at  15  mm.,  although  they  seemed  to  contain  a  trace 
of  the  lower  adds. 

Calc.  for  CisHsfOs:  C  =  76.6;  H  =  12.1;  iodine  no.  —  90.1; for  CisHnOs:  C  —  77.1; 
H  B  1 1.4;  iodine  no.  «  1&14;  for  CisHsoOs:  C  ■«  77.7;  H  «  10.8;  iodine  no.  ■»  274.0. 
Pound:  C  =  77.3;  H  «  11.2;  iodine  no.  «=  138.7,  138.7. 

The  liquid  adds  therefore  consist  of  oldc  and  linoldc  adds  with  perhaps 
a  small  quantity  of  linoldc  add. 

The  solid  acids  weighed  4.1  g.  A  quantity  of  cerotic  add  equivalent 
to  33%  of  the  solid  adds  was  obtained.     It  melted  at  74-75°. 

Calc.  for  CjfcHHOa:  C  =  78.8;  H  =  13.1;  N.  V.  =  141.^:  Pound:  C  «  78.4;  H  =» 
13.0.    N.  V.  —  140.7. 

The  alcoholic  filtrate  from  the  cerotic  acid  yidded  a  quantity  of  a 
mixture  of  palmitic  and  stearic  adds  mdting  at  52-53°. 

Calc. for CmHjbOi:  C  =  75o;H  «  i2.5;N.  V.  =  219.1;  for  CirHnOt:  C  «  76.1;  H  — 
12.7 ;Jn.  V.  =  197.5.    Found:  C  =  75.6;  H  =  12.5;  N.  V.  =  2050. 
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The  Ettier  Extract  of  the  Resin,  which  amounted  to  316  g.,  was  obtained 
in  two  extractions  of  the  sawdust  which  had  been  impregnated  with 
the  resin,  as  above  described.  The  first-  extract  amounting  to  300  g. 
was  very  scduble,  while  the  second  ether  extract  (16  g.)  was  obtained  by 
prolonged  extraction  and  upon  standing  tended  to  separate  as  a  tar. 

The  first  extract  was  concentrated  and  after  prolonged  standing  a 
small  quantity  of  a  white  micro-crystalline  product*  separated.  When 
this  substance  was  dissolved  in  chloroform,  in  the  presence  of  a  few  drops 
of  acetic  anhydride,  and  sulfuric  add  was  added  a  play  of  colors  resulted 
showii^  at  first  transient  pink,  then  blue,  and  finally  a  beautiful  green. 
It  mened  at  260-270^,  and  after  cr3rstallization  from  dilute  pyridine 
it  melted  at  about  290^.    It  was  a  phytosterolin. 

Calc.  for  C»HmO«:  C  «  72.3;  H  «  10.2.     Pound:  C  •  72.6;  H  *  10.2. 

A  small  portion  was  converted  into  an  acetate,  which  crystallized  from 
a  mixture  of  dilute 'alcdiol  and  ethyl  acetate  in  beautiful  plates,  melted 
at  159-160®. 

A  portion  of  the  ethereal  filtrate  from  the  above-mentioned  phytostercdin 
was  shaken  with  a  30%  sodium  bisulfite  solution.  The  aqueous  solution 
was  drawn  off,  acidified  with  HsSOi  and  allowed  to  stand  until  the  sulfur 
dioxide  had  been  dissipated.  The  solution  now  had  an  aromatic  fra- 
grance. It  was  extracted  with  ether.  The  ether  solution  showed  a  residue 
of  an  insignificant  amount  of  oil.  This  was  subjected  to  the  color  testa 
characteristic  for  vanillin.  With  ferric  chloride  a  green  color  resulted, 
similar  to  the  color  restdting  with  dilute  vanilUn  solutions.  The  phloro- 
gludn  and  hydrochloric  add  test  showed  a  Ught  pink  coloration.  It  is 
therefore  quite  probable  that  this  resin  contains  a  trace  of  vanillin. 

A  quantity  of  this  resin  (277  g.)  was  dissolved  in  ether  and  extracted 
successively  with  water,  and  with  solutions  of  ammonium  carbonate, 
potassium  carbonate,  and  potassium  hydroxide.  The  ether  was  then 
washed  with  water. and  the  solvent  removed.  This  neutral  constituent 
weighed  116  g.  or  42%  of  the  ether  extract.  It  is  an  extremely  sticky 
substance  and  when  warmed  can  be  puUed  into  shiny,  silken-like  threads. 
It  is  very  soluble  in  alcohol.  In  order  to  find  out  whether  it  was  ester 
like  corresponding  to  the  "resinotannolester"  group  of  Tschirch,  or  a 
stable  substance  incapable  of  hydrolysis  ('*resene")  estimations  were 
carried  out  upon  its  saponification  value. 

1.898  g.  boiled  0.5  hr.  with  23  cc.  0.5  AT  KOH  (alcoholic),  neutralized 
0.3136  g.KOH.     S.V.  =  165. 

1.898  g.  boiled  i.o  hr.  neutralized  0.333  g-  KOH.     S.  V.  =  175-5. 

1.898  g.  boiled  5  hrs.  neutralized  0.3416  g.  KOH.     S.  V.  =  179. 

It  appeared,  therefore,  that  some  insight  into  the  composition  of  this 
amorphous  resin  might  be  gained  by  hydrolysis.  For  this  purpose  35.5 
g.  were  dissolved  as  far  as  possible  in  350  cc.  of  10%  KOH,  and  steam 
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was  passed  through  the  mixture  for  about  one  week.  The  liquid  when 
acidified  gave  an  oily  precipitate,  and  the  add  filtrate  was  examined  for 
organic  acids  with  negative  results.  Saponification  with  20%  KOH 
solution  for  a  somewhat  longer  period  gave  no  smooth  reaction,  although 
small  quantities  of  volatile  adds  were  detected  as  decomposition  products. 
.  Another  portion  (33  g.)  was  hydrolyzed  by  the  method  of  Tschirch* 
using  at  first  sulfuric  add  1:2.  After  distilling  with  steam  for  4  days, 
0.915  g.  of  umbelliferon  was  obtained.  The  strength  of  the  sulfuric  acid 
was  increased  to  i :  i  and  after  about  ten  days  3.86  g.  further  of  umbellif- 
eron was  obtained.  The  total  umbelliferon  corresponds  to  14^%  of 
the  neutral  portion.  It  gave  the  characteristic  fluorescence  with  alkalies, 
and  after  recrystallizations  from  water,  dilute  alcohol,  and  ethyl  acetate 
mdted  at  228*". 

Calc  for  GtH«0«:  C  •=  66.67,  H  «  3.7.    Pound:  C  -  66.86,  H   -  3-4S. 

The  resin  or  ester  is  therefore  somewhat  similar  to  some  other  resins 
of  the  umbelliferae  such  as  galbanum,  sagapen,  asafoetida,  whidi  }rield 
utiibelliferon  when  thus  hydrolyzed. 

The  ammonium  carbonate  extract  of  the  ether  extract  of  the  resin  was 
slcidified  and  permitted  to  stand  for  some  time  when  a  quantity  of  tar 
separated.  This  was  removed  by  filtration  and  the  dear  aqueous  add 
filtrate  thoroughly  extracted  with  ether.  This  solution  was  evaporated 
to  dryness  and  dried  in  vacuo  over  sulfuric  add.  When  now  it  was  di- 
gested with  small  volumes  of  anhydrous  ether  a  white  crystalline  de- 
posit remained,  weighing  0.24  g.  It  was  crystallized  from  water  where- 
upon it  mdted  at  205-206°.  It  was  dried  for  2.5  hours  at  125°  and 
analyzed.  The  remainder  was  again  recrystallized  from  dilute  alcohol 
whereupon  it  separated  in  needles  and  the  mdting  point  remained  con- 
stant.   This  was  dried  at  115°  and  also  anal3rzed. 

I.  0.0853  g.  subst.  gave  0.1802  g.  CO2  and  0.0357  g.  HtO.  II.  0.0641  g.  subst.  gave 
0.135 1  g.  COi  and  0.0270  g.  HjO. 

Calc.  for  CiHiOi:  C  =  57. i;  H  -  4.8.    Found:  C  «  57.61,  57.48;  H  -4.69,  4.73. 

This  add  appears  to  be  vanillic  add  (3-methoxy  protocatechuic 
add).  This  was  fiuther  substantiated  by  the  determination  of  the 
methoxyl  group  upon  another  small  sample. 

The  potassium  carbonate  extract  of  the  ether  extract  upon  addifica- 
tion  yielded  a  tar  which  was  removed  by  filtration.  From  the  filtrate 
about  0.2  g.  of  umbelliferon  was  isolated.  Recrystallized  from  hot  water 
it  mdted  at  226**  and  when  a  mixtiu-e  of  this  product  with  the  umbelliferon 
that  was  obtained  from  the  glucoside  by  hydrolysis  was  mdted,  the 
melting  point  was  227**. 

Calc.  for  CHuOr.  C  =  66.67;  H  =•  37.     Found:  C  -  66.9;  H  =  3-7- 
1  "Die  Harze  und  die  Harzbehalter/'  1906,  p.  342. 
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When  the  potassium  h3ndroxide  extract  was  redissolved  in  alcohol 
it  was  impossible  to  obtain  crystalline  products  even  after  the  solution 
was  stood  aside  for  months.  Thus  the  resinous  extract  weighed  143  g.» 
equivalent  to  52%  of  the  ether  extract.  It  showed  no  ester  properties, 
and  was  in  fact  a  resin  add.  (Add  no.  »»  129.)  A  portion  (106  g.)  was 
dissolved  in  a  large  volume  of  ether  and  again  extracted  with  solutions 
of  ammonium  carbonate  and  of  potassium  carbonate.  The  ammonium 
carbonate  solution  was  addified  and  a  smear  predpitated,  indicating 
that  the  substances  extracted  with  potassium  hydroxide  had  undergone 
diange.  The  filtrate  from  this  smear  yielded  a  quantity  (o.  i  g.)  of  vanillic 
add  that  melted  after  recrystallization  from  water  at  204-205  ^.  A  meth- 
oxyl  determination  was  carried  out  upon  this,  by  the  Zdsd  method  as 
modified  by  Perkin. 

Calc.  for  CtHfOi:  OCHt  »  18.4%.    Pound:  18.3%. 

The  potassium  carbonate  extract  contained  a  small  quantity  of  um- 
beUiferon. 

The  potassium  hydroxide  extractions  were  made  with  successive  por- 
tions of  100  cc.  of  a  one  per  cent,  solution.  These  were  each  washed  once 
with  ether  and  then  addified  with  hydrochloric  add  and  the  sumbul  resin 
add  was  again  extracted  with  ether.  The  ether  was  removed  and  the 
residues  were  dried  in  a  vacuum  over  sulfuric  add.  The  first  four  ex- 
tracts wdghed  about  12  g.  each  and  the  fifth  to  the  tenth  and  last  extract 
were  smaller.  Fourteen  grams  of  material  could  not  be  extracted  with 
1%  potassium  hydroxide  solution.  The  fractions  of  this  resin  add  were 
examined  and  found  to  be  mixtures,  although  they  were  all  similar  light- 
colored  powders  when  dry  and  of  a  hygroscopic  nature.  When  very 
dightly  moistened  with  alcohol  they  became  exceedingly  sticky  and 
resinous. 

Fraction  III.  This  was  a  typical  product.  It  softened  at  56-60** 
and  became  translucent  at  63^,  and  decomposed  with  effervescence  at 
75-85 ^  It  was  analyzed:  C  =  72.3%;  H  =  8.1%.  It  had  an  add  num- 
ber of  1 18-122,  and  was  optically  active. 

0.474  g.  made  up  to  50  oc.  with  95%  alcohol  showed  a  rotation  of  — 1.18^  in  a  3  dcm. 
tube,  whence  taft^'  -  -^2.2  ^ 

Fraction  IV.  This  fraction  softened  at  50**  and  was  completely  trans- 
lucent at  53**.  It  effervesced  at  about  80-90®.  Analysis  showed: 
C  =  73-3%;  H  =  8.2%;  add  number  =  123. 

0.3942  g.  made  up  to  30  cc.  with  95%  alcohol  showed  a  rotation  of  2.22  °  in  a  2  dcm. 
tube,  whence  totlD**  "■  — ^56.3*. 

Fractions  V  and  VI.    The  optical  rotation  was  taken. 

V.  0.4293  g.  made  up  to  20  cc.  with  95%  alcohol  showed  a  rotation  of  1.98®  in  a  3 
dcm.  tube,  whence  [a]^  =  — ^46.0®. 

VI.  0.7665  g.  made  up  to  20  cc.  with  95%  alcohol  showed  a  rotation  of  1.56^  in  a 
1  dcm.  tube,  whence  [a]^  ■=  — ^40.6°. 
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It  is  therefore  obvious  that  this  sticky  add  of  a  resinous  nature,  which 
forms  a  most  conspicuous  part  of  sumbul  extract  and  gives  the  latter  its 
disagreeable  properties  is  not  a  homogenous  body.  The  presence  of  vanillic 
add  in  the  solution  after  prolonged  standing  of  the  alcohol  solution  sug* 
gested  that  this  phenoUc  acid  represents  a  part  of  the  structure  of  *the 
complex  resin  and  a  methoxyl  determination  of  the  resin  add  further 
indicates  this. 

Subst.  0.1918  g.:  CHsI  »  0.0641.    Pound:  OCH<  »  4.4%. 

VanilUc  add  was  prepared  from  this  resin  add  as  follows:  thirteen 
grams  were  boiled  for  several  hours  with  5%  alcoholic  sulftuic  add. 
The  alcohol  was  removed  by  steam  distillation.  The  steam  distillate 
contained  a  small  amount  of  a  blue  oil  resembling  the  essential  oil. 

The  contents  of  the  flask  were  shaken  with  ether»  which  was  tb^i 
extracted  with  solutions  of  ammonium  carbonate,  potassium  carbonate, 
and  potassium  hydroxide.  Prom  the  first  of  these  extracts  vaniUic  add 
melting  at  205-206®  was  isolated:  The  weight  was  0.5  g.  The  potassium 
carbonate  extract  yidded  umbelliferon  (0.05  g.)  mdting  at  225-227®. 
Nothing  definite  could  be  isolated  from  the  potassium  hydroxide  solution. 

The  chloroform  extract  of  the  resin  (46  g.)  was  divided  into  two  parts. 
The  first  (26  g.)  was  redissolved  in  chloroform  and  extracted  with  the 
various  alkaline  solutions  but  nothing  definite  could  be  separated  by 
this  process.  Most  of  the  material  was  extracted  with  potassitun  hy- 
droxide solution.  Twenty  grams  were  hydrolyzed  with  5%  alcoholic 
stdftuic  add.  Umbdliferon  (0.85  g.)  mdting  at  226-227®  ^^  isolated. 
This  was  present  in  glucosidic  combination,  as  1.5  g.  of  d-phenyl  glucosa- 
zone  mdting  at  206-207  ®  was  isolated. 

The  ethyl  acetate  extract  of  the  resin  (19  g.)  was  a  dark-colored  resinous 
product.  Upon  hydrolysis  a  small  amotmt  of  tunbelliferon  mdting  at 
226-227®  ^^  isolated,  but  sugar  was  not  formed.  The  material  is  there- 
fore not  glucosidic. 

The  alcohol  extract  of  the  resin  (18  g.)  agreed  in  its  properties  with 
the  brown  glucosidic  powder  isolated  from  the  amyl  alcohol  extract  of 
the  constituents  soluble  in  water.  Umbelliferon  and  a  reducing  sugar 
were  found  as  products  of  an  acid  hydrolysis. 

Kalamazoo,  Mich. 


[Contribution  from  the  Laboratory  of  the  Dodge  and  Oi^cott  Co.] 
SOME  DERIVATIVES  OF  COUMARIN.^ 

By  Pkancis  D.  Dodg«. 
Received  November  22,  1915. 

The  behavior  of  unsaturated  lactones,  or  more  particularly,  the  cou- 
marins,  with  the  alkaline  bisulfites,  appears  so  far  to  have  been  studied 
in  but  one  instance. 

*  Presented  at  the  meeting  at  New  Orleans,  Mar.,  19 15. 
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Rochleder,*  in  1863,  described  a  compound  derived  from  aesculetin, 
to  which  he  gave  the  formula  C»H«04.NaHSO,.V«HjO.  From  this  a 
beautifully  fluorescent  substance  termed  "aescorcein"  was  obtained,  which 
was  further  studied  by  Liebermann.* 

The  latter  showed  that  the  compound  of  Rochleder's  was  not  an  ordinary 
addition  product,  like  the  aldehyde  compounds,  but  was  in  reality  a  sul- 
fonic derivative  of  hydro-aesculetin. 

HOT    Y  x:o  HC 


HCv    A  yCH-^SO,Na 

The  free  sulfonic  add  was  obtained  in  crystalline  form,  easily  soluble 
in  water  and  alcohol,  having  the  composition  C«H«07S*+  HiO.  At  95°, 
it  decomposes  smoothly  into  aesculetin  and  sulfurous  anhydride.  By 
treatment  of  the  sodium  sulfonate  with  acetic  anhydride  and  sodium 
acetate,  a  similar  reaction  occurred,  yielding  diacetyl  aesculetin.  Lieber- 
mann  f tuther  states  that  no  analogous  derivatives  could  be  obtained  from 
umbelliferon,  daphnetin,  diethyl  aesculetin,  or  tri-ethyl  aesculetinic  acid. 

The  writer  has  observed,  however,  that  coumarin  and  limettin  (a 
dimethoxy-coumarin)  readily  yield  well  defined  and  beautifully  crystalline 
sulfonic  compounds,  which,  in  several  reactions,  exhibit  a  rather  inter- 
^ting  behavior. 

Sodium  Hydrocoumarinsulfonate. — If  coumarin  is  warmed  with  six 
parts  of  a  20%  soditun  bisulfite  solution,  on  the  water  bath,  with  frequent 
shakingi  for  fifteen  minutes  to  one-half  hotu*,  it  dissolves  completely, 
and,  on  cooling,  the  liquid  solidifies  to  a  mass  of  crystals,  which,  after 
filtering  and  washing  with  cold  water,  are  nearly  ptu'e.  Reaystalliza- 
tion  from  water  effects  a  further  purification,  but  is  accompanied  with 
much  loss,  owing  to  the  sdlubiUty  of  the  compound.  Prom  the  mother- 
liquors  a  further  3deld  is  obtained  by  "salting  out"  with  common  salt, 
and  recrystallization. 

Calc.  far  CfH«Oi.NaHSOs.H,0:  HtO,  6.72%;  NaiSOi,  26.45%.  Pound:  H,0  at 
IOo^  6.43;  NafS04  (igniticm  HtSO^,  26.14. 

Titrations:  (i)  1.25  g.  required  9.3  cc.  0.5  N  KOH  (calc  9.15  cc.);  (2)  2.1015  g., 
15.3  cc.  (calc.  15.38  cc.);  (3)  10.00  g.,  73.6  cc.  (calc.  73.2  cc.). 

As  already  stated,  the  compound  is  quite  soluble  in  water,  a  sattu'ated 
solution  at  15^  containing  about  20%  of  hydrated  salt. 

The  reaction  of  the  aqueous  solution  is  neutral,  but  if  alkali  be  added, 
an  immediate  reaction  occurs,  and,  as  shown  above,  the  compound  may 

*  Wien.  Akad.  Ber,,  55,  819;  /.  prakt.  Chem.,  loi,  415. 

«  Ber.,  13,  1595  (1880);  14,  477  (1881);  34i  2608  (1901);  35,  2919  (1902). 
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be  titrated  with  accuracy,  giving  results  which  indicate  the  absorption 
of  one  molecule  of  alkaline  hydroxide. 

With  a  concentrated  solution  of  the  compound,  the  addition  of  a  small 
amount  of  0.5  iV  hydroxide  causes  an  immediate  turbidity,  which  sooa 
becomes  a  crystalline  precipitate  of  coumarin.  On  continued  agitation, 
the  crystals  redissolve  and  the  solution  becomes  neutral,  and  further 
addition  of  alkali  causes  a  repetition  of  the  phenomena.  If  the  alkali 
is  added  quickly,  in  larger  amount,  a  crystalline  magma  results  which 
slowly  dissolves.  Finally,  coumarin  ceases  to  separate,  and  the  liquid 
becomes  permanently  neutral. 

This  solution  does  not  contain  the  original  compound,  for  no  precipi- 
tate is  obtained  by  saturating  it  with  salt;  nor  has  the  sulfonic  group  been 
split  off,  since  the  iodine  absorption  is  negligible.  If,  however,  the  cou- 
marin which  is  formed  by  the  quick  addition  of  alkali  is  immediately 
filtered  oflF,  the  filtrate  shows  the  presence  of  much  sulfite. 

These  phenomena  have  a  plausible  explanation  if  we  assume  the  fol- 
lowing reactions: 


1       +  NaHSO,  = 

■  1 

1                      +  NaOH  - 

!      +  Na,SO,  +  H.O  - 

^COjNa 

The  crystalline  sulfonate  is,  then,  a  derivative  of  hydrocoumarin, 
containing  the  lactone  ring  intact.  Alkali  splits  off  the  sulfo  group^ 
liberating  coumarin,  which  then  recombines  with  the  neutral  sulfite, 
forming  the  open -chain  hydrocoumaric  acid  derivative.  The  position  of 
the  sulfo  group,  whether  a  or  0,  remains  to  be  determined.  Coumarin, 
hence,  should  be  soluble  in  neutral  sulfite  solution,  which,  in  fact,  is  the 
case. 

10  g.  coumarin  and  100  cc.  of  25%  sodium  sulfite  solution  were  allowed 
to  stand  at  the  ordinary  temperattu-e,  with  occasional  shaking  After 
three  days,  the  crystals  were  almost  entirely  dissolved,  and  the  still  neu- 
tral solution  behaved  in  aU  respects  like  that  obtained  by  titrating  the 
hydrosulfonate.  At  100®,  the  reaction  is  quicker,  requiring  about  one- 
half  hour. 
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Potassium  Hydrocoumarinsulfonate. — ^This  salt  is  readily  prepared 
by  warming  coumarin  with  seven  parts  of  20%  potassium  bisulfite  solu- 
tion. On  cooling,  a  mass  of  white  needles  is  formed,  which  may  be  re- 
crystallized  from  hot  water.  It  is  less  soluble  than  the  sodium  salt» 
the  saturated  solution  at  15^  containing  7.6%. 

Calc  for  C»HtOt.KHSOi.H|0:  HtO»  6.33%.    Found:  6.29. 
2.0035  g-  required  14.2  cc.  0.5  N  KOH  (calc.  14. i  cc.). 

In  other  properties,  it  resembles  the  sodium  salt. 

Otiier  Salts. — ^The  barium  salt  separates  as  a  crystalline  precipitate 
when  a  solution  of  barium  acetate  is  added  to  a  strong  solution  of  the 
sodium  salt.     It  is  soluble  in  about  44  parts  of  water  at  20^. 

The  copper  salt  is  obtained  in  pale  blue  prisms,  by  slow  concentration 
of  the  mixed  solutions  of  sodium  salt  and  copper  sulfate. 

Hydrocoumaric  Acid  Derivatives. — ^As  is  well  known,  coumaric  add, 
or  (7-hydrozycinnamic  add  is  supposed  to  exist  in  two  stereoisomeric 
configuraticms. 

H  r      T  COOH 


H  H 

I.  Coumaric  add.  2.  Coumarinic  acid. 

The  first,  and  only  stable  form,  does  not  readily  yield  the  lactone, 
coumarin,  except  indirectly,  as,  for  example,  by  distillation  of  the  acetyl 
derivative.  In  the  second  case,  the  proximity  of  the  hydroxyl  groups 
so  favors  the  lactone  formation,  that  the  add  itself  cannot  be  isolated; 
it  is  assumed  to  be  present  in  the  compounds  obtained  -from  coumarin 
by  the  action  of  aUcahes  at  low  temperatures. 

Now,  in  the  case  of  the  hydrocoumaric  sulfonate,  with  the  disappear- 
ance of  the  double  linkage,  vanishes  also  the  possibility  of  this  kind  of 
stereoisomerism.  The  hydrocoumaric  dmvatives  are,  in  a  sense,  inter- 
mediate between  the  coumaric  adds,  and,  by  suitable  reactions,  it  should 
be  possible  to  pass  at  will  to  dther  the  coumaric  or  coumarinic  series. 

Ox  yv      yOH 

XX> 


:h— SOiNa 


Hydrocoumarin  sulfonate. 


COONa 


x:hv 

Hydrocoumaric  sulfonate. 


y^    x:ooNa 

Coumarate. 
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This,  in  fact,  is  the  case;  by  splitting  off  the  stilfo  group,  coumaric  add 
results,  while,  by  a  simple  dehydration,  the  lactone  ring  is  re-established, 
giving  the  original  hydrocoumarin  sulfonate  as  shown  on  preceding  page. 

The  solution  of  sodium  hydro-coumaric  sulfonate  shows  little  tendency 
to  crystallize.  When  highly  concentrated,  a  viscid  liquid  is  obtained* 
which  in  the  desiccator  solidifies  to  an  indistinctly  crystalline  mass, 
which  has  not  yet  been  purified..  The  barium  salt,  prepared  by  double 
decomposition,  forms  white  needles,  not  very  soluble  in  water. 

Formation  of  Coumaric  Acid. — 2  g.  hydrocoumarin  sodium  sulfonate 
were  titrated  with  0.5  iV  KOH,  requiring  14.7  cc.,  or  one  molecule.  A 
ftu-ther  addition  of  14.7  cc.  KOH,  or  one  molecule,  was  then  made,  and 
the  solution  evaporated  to  small  bulk.  The  residue  was  dissolved  in  10 
cc.  water,  and  the  solution  titrated  with  0.5  AT  HCl,  of  which  14.6  cc. 
were  required.  One  molecule  of  alkali,  hence,  does  not  remove  the  sulfo 
group,  under  these  conditions.  The  solution  was  again  concentrated  to 
10  cc.,  29.4  cc.  o,s  N  KOH  (2  mol.)  added,  and  again  evaporated,  the 
solution  now  showing  the  yellowish  green  tint  characteristic  of  the  cou- 
marates.  On  titration,  19  cc.  0.5  iV  HCl  were  required,  showing  a  con- 
version of  about  70%.  On  addition  of  concentrated  hydrochloric  acid 
to  the  filtered  solution,  the  coumaric  add  was  predpitated  nearly  white, 
and  was  identified  by  the  melting  point  and  other  properties  of  that  add. 
With  larger  excess  of  alkali,  the  yield  appears  to  be  almost  quantitative. 

This  smooth  reacticm  offers  a  ccxnvenient  method  for  the  preparation 
of  coumaric  add,  as  the  usual  process,  with  soditun  ethylate  or  very  strong 
hydroxide,  is  somewhat  troublesome.    For  example: 

10  g.  coumarin  are  heated  with  100  cc.  of  25%  sodium  sulfite  until 
completely  dissolved,  and  the  liquid  evaporated  to  about  50  g.  40  g. 
of  50%  potassium  hydroxide  solution  are  now  added,  and  the  mixture 
evaporated  to  dryness  on  the  water  bath.  The  3rellowish  green  residue 
is  then  dissolved  in  water,  and  the  cooled  solution  addified  with  strong 
hydrochloric  add.  The  predpitated  coumaric  add  is  filtered  and  washed 
with  cold  water,  and  after  drying,  can  be  conveniently  recrystallized 
from  acetone.    The  yidd  is  about  10  g. 

Formation  of  Coumarin. — ^The  hydrocoumaric  sulfonate  solution  from 
2  g.  coumarin  was  evaporated  to  dryness,  pulverized,  and  mixed  with 
5  cc.  of  acetic  anhydride.  On  standing,  the  mixttu'e  becomes  thick,  and 
finally  solidifies.  After  two  days,  the  mass  was  broken  up,  filtered,  and 
the  adhering  anhydride  aUowed  to  evaporate.  The  product  was  soluble 
in  water,  but,  on  adding  alcohol,  was  precipitated  in  crystals.  By  re- 
crystallization  from  water,  hydrocoumarin  sulfonate  was  obtained  in 
the  usual  form. 

Or,  starting  with  coumaric  add,  the  reaction  can  be  carried  out  in  a 
similar  maimer. 
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2  g.  coumaric  add  were  heated  with  lo  cc.  of  30%  sodium  bisulfite 
several  hours  on  the  water  bath,  until  a  cooled  sample  gave  no  predpi- 
tate  of  add  on  the  addition  of  hydrochloric  add.  The  liquid  was  then 
evaporated  to  dryness,  and'  the  product  pulverized.  On  treatment 
with  acetic  anhydride,  the  same  behavior  was  observed,  as  with  the  prod- 
uct from  cotmiarin.  The  yidd  of  hydrocoimiarin  sulfonate,  crystallized 
from  water,  was  1.75  g. 

We  have,  then,  here  a  cyde  of  reactions  by  which  to  pass  from  coumarin 
to  coumaric  add,  or  vice  versa. 
Coumarin  '^"7'  Hydrosulfonate  "^^ 

Hydrocoumaric  sulfonate  "T*^  Coumaric  add. 

The  quantitative  recovery  of  coumarin  from  the  hydrosulfonate  pre- 
sents some  diflficulty,  owing  to  the  rapidity  with  which  it  is  attacked  by 
the  neutral  sulfite.  Working  quickly  with  ice-cold  solutions,  the  yield 
is  only  about  30%  of  the  theoretioal;  decomposition  with  barium  hydrox- 
ide gave  a  little  better  result,  the  yidd  reaching  40%. 

The  hydrocoumarin  sulfonate  is  also  decomposed  by  alkaline  carbon- 
ates, at  ordinary  temperatures — an  exceptional  reaction  for  sulfonic 
derivatives.  On  adding  strong  sodium  carbonate  solution  to  a  20% 
solution  of  the  soditun  salt,  the  mixtiu^  remains  for  a  short  time  dear, 
then  becomes  turbid,  and  a  little  later  the  liquid  is  filled  with  a  net-work 
of  fine  coumarin  crystals.  After  a  few  hours,  however,  the  crystals 
have  entirdy  disappeared. 

The  regeneration  of  coumarin  from  the  hydrosulfonate  appears  to  be 
quantitative  when  the  latter  is  heated  at  130-160**,  the  following  reac- 
tion taking  place: 

2C»H70jNaSOj  =  2C9HeO,  +  NajSO,  +  SO2  +  H«0 

The  evolution  of  sulfurous  anhydride  begins  at  about  120**,  and  the  re- 
action is  complete  after  two  hours'  heating  at  150-160**.  From  the 
residual  mixture  of  coumarin  and  sodium  sulfite,  the  former  is  easily 
isolated  by  extraction  with  ether. 

Limettin  Derivative. — ^Limettin,  also  known  as  "citraptene,"  is  a  di- 
methoxycoumarin,  CiiHio04,  easily  obtained  from  the  sediment  which 
is  deposited  from  the  expressed  oil  of  limes.  By  crystallization  from 
acetone,  it  is  deposited  in  yellow  needles,  melting  at  148®  (uncorr.).  It 
can  also  be  purified  as  follows: 

10  g.  crude  limettin  are  shaken  with  100  g.  5%  sodium  hydroxide  solu- 
tion, until  no  more  dissolves.  This  may  require  some  days.  After  fil- 
tering from  dark  resinous  matter,  12  g.  sodium  bicarbonate  are  added. 
On  standing,  limettin  gradually  separates  in  yellowish  white  crystals, 
the  yield  from  the  crude  being  about  75%.  Repetition  of  the  process 
gives  a  still  lighter  colored  product.  A  ptue  white  preparation  may  be 
obtained  from  the  hydrosulfonate,  as  described  below. 
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Hydrolimettin  Sodium  Sulfonate. — ^With  bisulfite  solution,  limettin 
does  not  react  as  readily  as  coumarin.  At  loo^,  solution  takes  place  very 
slowly,  and  a  higher  temperature  was  found  more  convenient. 

lo  g.  limettin  and  80  g.  20%  sodium  bisulfite  solution  were  boiled  gently 
one-half  hour,  till  all  was  dissolved,  except  a  little  resin.  The  liquid  was 
filtered  while  warm,  and  allowed  to  crystallize,  finally  at  a  low  tempera- 
ture. The  resulting  yellow  crystals  (7.5  g.),  were  recrystallized  from 
two  parts  hot  water.  The  sulfonate  is  thus  obtained  in  fine,  large  plates, 
having  the  composition  CuH10O4.NaHSO8.4H1O. 

(i)  4.8365  g.  air  dry,  lost  at  I00^  18.65%  (calc  18.84%), 
(2)  1.5355  g.  dried,  required  9.7  cc.  0.5  N  KOH  (calc.  9.9  cc.). 

The  salt  is  soluble  in  6  parts  water  at  20®,  and  is  precipitated  on  addi- 
tion of  common  salt.  On  titrating  the  solution  with  0.5  N  alkali,  limettin 
is  immediately  thrown  out,  and  redissolves  much  more  slowly  than  is 
the  case  with  coumarin,  owing  no  doubt  to  the  very  slight  solubility 
of  Umettin  in  water.  Attempts  to  prepare  the  limettic  add,  correspond- 
ing to  cotunaric  add,  were  unsuccessful.  An  add  product  was  obtained, 
but  it  could  not  be  crystallized.  Limettin  dissolves  slowly  in  a  25% 
solution  of  sodium  sulfite  at  100^;  the  solution  is  not  predpitated  by  salt, 
nor  does  it  3deld  crystals  when  concentrated. 

Hydrolysis  of  Coumarin. 

The  phenomena  observed  when  one  attempts  to  hydrotyze  coumarin 
quantitativdy  in  the  usual  manner  with  alkaline  hydroxides,  are  peculiar 
and  of  some  interest.  In  fact,  the  imcertain  results  frequently  encoun- 
tered in  the  titration  of  lactones  have  already  been  noted  by  Baeyer,^ 
and  are  not  surprising,  when  one  considers  that  the  tendency  to  lactone 
formation  is  opposed  to  the  hydrolysis,  and  a  condition  of  equilibrium 
between  lactone  and  alkaline  salt  is  to  be  expected. 

If  coumarin,  in  alcohoUc  solution,  is  titrated  at  the  ordinary  tempera- 
tiwe  with  0.$  N  alkali,  the  neutralization  is  found  to  be  very  slow.  For 
example:  2.053  g.  coumarin  were  dissolved  in  10  cc.  alcohol,  and  0.5  AT 
alcoholic  potassium  hydroxide  added  slowly  at  intervals,  keeping  the  solu- 
tion just  alkaline  to  phenolphthalein.  After  24  hours,  i .  6  cc.  had  been 
used,  indicating  5 . 6%  coumarin  converted  into  salt. 

With  excess  of  alkali,  the  conditions  are  different;  the  hydrolysis  ap- 
pears to  be  complete;  and  the  titration  can  be  made  with  approximate 
accuracy.  But  as  soon  as  the  excess  of  alkali  is  neutralized,  formation 
of  coumarin  begins  and.  continues  imtil  the  point  of  equilibriiun  is  reached, 
the  solution  becoming  alkaline.  If,  now,  the  free  alkaU  be  again  neutral- 
ized, a  further  production  of  coiunarin  is  observed,  and  so  on  until  a  perma- 
nent equilibrium  between  the  coumarin  and  the  salts  present  is  attained, 
which  point  depends,  of  course,  on  the  concentration,  temperature,  etc. 
»  Ber,,  30,  1956  (1897). 
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If,  at  this  pointy  the  free  coumarin  be  removed,  as  for  exampli,  by  extrac* 
tion  with  ether,  the  equiUbrium  is  again  disturbed,  and  a  further  libera- 
tion of  coumarin  occurs. 

A  remarkable  feature  of  the  reaction  is  the  slowness  with  which  it 
progresses,  and  it  would  seem  that  a  careful  study,  by  physico-chemical 
methods,  would  not  be  without  interest. 

In  the  examples  given  below,  it  will  be  noticed  that  the  results  of  the 
first  titration  are  alwa3rs  high.  The  same  behavior  was  noticed  in  the 
titration  of  coumaric  add,  and  it  is  possible  that  the  hydroxyl  group,  hav- 
ing phenolic  functions,  may,  in  this  case,  influence  the  reaction,  though 
it  is  well  known  that  sahcylic  add,  also  an  orthohydroxy  add,  gives  very 
exact  titration  values.  But  the  aromatic  oxy-ad^  show  a  varying  be- 
havior in  this  respect,  as  already  noted  by  Traube,^  and  a  further  discus- 
sion of  this  point  is  reserved  for  a  subsequent  communication. 

Titrations: 

1.  Coumarin,  1.05  g.  Heated  one  hour  at  lOo®  with  26.3  cc.  0.5  N 
alcoholic  KOH,  then  25  cc.  water  added,  and  immediately  titrated. 

Time o  10  min.    i  hr.      2  hr.    18  hr.    34  hr.     1 14  hr.  162  hr. 

Total  0.5  N  HCl 10.9  cc.  12.0  oc  14.0  cc.  15.5  cc.  18.2  cc.  20.9  cc  24.0  cc.  24.2  oc. 

Coumarinic  add  %..  107.0       99.4       S5.5       75.1       56.3       37.5       15.9       14.9 

The  alcohol  was  now  evaporated,  the  solution  chilled,  the  coumarin 
filtered  off,  and  washed.  On  standing,  the  solution  became  again  alkaline, 
and  after  5  days  appeared  to  have  reached  equilibrium,  showing  a  total 
of  25 .  15  cc.  0.5  A^  add,  or  8%  coomarinic  add.  The  solution  was  now 
extracted  with  ether,  after  which  it  became  slightly  alkaline. 

Finally,  neutrality  was  reached  with  25.25  cc.  0.5  N  add,  or  7.3%  of 
coumaiittic  add.  In  the  solution,  evaporated  till  free  from  coumarin, 
no  coumaric  add  could  be  detected. 

2.  Coumarin,  2.019  g.,  50  cc  0.5  iV  ale.  KOH,  heated  2  hours.  Titra- 
ted without  addition  of  water,  and  the  solution  heated  at  90-100^. 

Here,  immediate  titration  showed  101.9%  add,  with  equilibrium 
after  48  hours,  at  19.8%  add. 

3.  Coumarin,  2.077  g-»  25  cc.  0.5  N  ale.  KOH,  heated  2  hours.  Here, 
although  the  amount  at  alkali  was  insuffident  for  complete  hydrolysis, 
the  solution  was  still  alkaline,  and  indicated  61%  coumarinic  acid. 

4.  Limettin,  2.073  g-»  40  cc.  0.5  A/^  ale.  KOH,  heated  2  hours. 

Time o  4  hrs.  20  hrs.        44  hrs.        60  days 

Total  0.5  N  HCl 19.4  cc.       23.7  28.7  .  31.9  34.2 

I«iinettinic  add  % 102.3  80.9  56.1  40.2  28.8 

At  the  end  of  4  hrs.  Hmettin  commenced  to  separate  in  fine  needles. 
These  titrations,  of  course,  give  merely  a  "sketch"  of  the  hydrolysis, 
no  attempt  having  been  made  to  secure  imiformity  of  conditions. 
»  Ber:,  31,  1566  (1898). 
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An  analogous  reaction  takes  place  when  sodium  bicarbonate  is  added 
to  an  alkaline  solution  of  coumarin.  For  example,  5  g.  of  coumarin 
were  dissolved  in  60  cc.  of  warm  5%  sodium  hydroxide.  When  cold,  5 
g.  sodium  bicarbonate  were  added,  and  the  solution  let  stand.  Coumarin 
soon  began  to  crystallize  out,  and  after  five  days  the  yield  amounted  to 
3.46  g.,  or  about  70%. 

On  the  Lactone  Formation. — ^The  lactones  may  be  considered  as  es- 
ters, in  which  the  ester  formation  is  intramolecular. 

+    H,0 


+    H,0 


thus:. 

Ester: 

R— OH     -h 
(alcohol) 

R'COOH 

(add) 

=     R-O--C0— R 

(ester) 

r 

Lactone: 

^COOH 
(oxy-add) 

(lactone) 

ex 

-  (X 

^^  ^CH  -  CH— COOH 
(Coumarinic  add) 

(Coumarin) 

+     HiO 


The  velocity  of  the  t)T)ical  ester  formation  depends  not  only  on  the 
concentration  and  the  temperature,  but  also  on  the  chemical  nature  of 
the  constitiients.  Menschuttdn  has  shown  that  the  velocity  is  greatest 
with  primary  alcohols,  and  least  with  the  tertiary  alcohols.  With  phenols, 
the  reaction  practically  does  not  take  place.  The  structure  of  the  acid 
is  also  of  importance^  as  was  shown  by  Victor  Meyer,  in  his  studies  of 
the  esterification  of  the  ortho-substituted  adds. 

With  the  lactones,  the  spadal  relations  appear  to  have  a  prqxmdera- 
ting  influence.  Thus,  among  the  simpler  fatty  derivatives,  the  following 
rules  seem  to  hold: 

O 

/\ 

I .  From  a  oxy-adds,  a  lactones >  C  —  CO  (not  known) 


(a  few  cases) 


(lactone  stable) 
add  unstable 


(lactone  unstable) 
add  stable 


2.  Prom  fi  oxy-adds,  fi  lactones   |      | 

— C--CO 
>C— O 

3.  Prom  y  oxy-adds,  y  lactones >  C^ 

C— CO 

A 

I      V 


4.  Prom  6  oxy-adds,  5  lactones . 


I      A 
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Thus,  in  accordance  with  the  '*Spannungs-Theorie"  of  Baeyer,  accord- 
ing to  which  the  simple  five  atom  ring  is  the  most  stable,  the  lactones 
in  the  fatty  series  are  also  the  most  readily  f onned  and  exhibit  the  great- 
est stabiUty. 

In  the  aromatic  series,  where  the  benzene  and  the  lactone  rings  have 
two  atoms  in  common,  somewhat  different  conditions  prevail.  For  ex- 
ample: 


QC^ 


ry 


CO 


\:h/ 

ao— CO 
CHr-CH, 

O— O 
H-CH 


7  lactone 
(phthaUde) 


y  lactone 

(keto-hydro-coiunarone) 


<  lactone 

(hydro-cotunarin) 


I  lactone 

(coumarin) 


^lactone 

(iso-coiunarin) 


Not  formed  spontaneously. 
Acid  stable  to  loo". 


Not  formed  spontaneously. 
Add  stable  to  157*. 


Not  formed  spontaneously. 
Add  stable  to  ioo'(?). 


Formed  spontaneously. 
Acid  unknown. 


Unstable. 
Add  unknown. 


It  is  evident  that  a  five-ring,  of  which  two  atoms  also  form  part  of  a 
benzene  ring,  is  mider  an  internal  tension  rather  different  from  that 
existing  in  a  simple  ring.  It  is  also  apparent,  from  the  dissimilarity  of 
coumarin  and  iso-comnarin,  that  some  unknown  factor  renders  the  con- 
figuration of  the  former  an  especially  favorable  one. 

Coumarinic  acid  has  the  combined  ftmctions  of  a  phenol  and  a  cimiamic 
add,  and  we  may  consider  the  coumarin  formation  as  analogous  to  the 
ester  reaction  between  phenol  and  dnnamic  add.  But  the  favorable 
spadal  relations  cause  the  former  reaction  to  occur  spontaneously,  even 
in  alkaline  solution,  while  in  the  latter  case,  no  reaction  takes  place  even 
in  the  presence  of  add  catalyzers. 

Recognition  of  Coumarins. 

Although  the  coumarin  formation  in  alkaline  soluticm  cannot  be  com- 
sidered  as  strictly  characteristic,  inasmuch  as  other  lactones  are  known 
to  exhibit  the  same  behavior,  though  to  a  much  less  degree,  it  is  yet  al- 
lowable to  assume  that,  in  cases  where  this  peculiar  reaction  is  observed, 
some  member  of  the  coumarin  series  is  probably  present. 

For  example,  it  can  hardly  have  escaped  the  attention  of  anyone  who 
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has  had  occasion  too  make  the  usual  ester  detennination  on  the  oil  of  berga- 
mot,  that  the  end  reaction,  on  titration  after  saponification,  is  not  sharp.  If 
the  solution  be  set  aside,  it  will  be  fotmd,  after  a  short  time,  again  alka* 
line,  and  will  require  0.2  to  0.3  cc.  0.5  N  acid  for  neutralization.  On 
standing,  the  alkaline  reaction  reappears,  exactly  as  described  for  cou- 
marin.  To  reach  permanent  neutraUty  may  require  48  hours'  or  mote, 
and  the  difference  between  the  first  and  final  values  may  amount  to  i  or 
2%,  if  calculated  as  linalyl  acetate. 

Other  oils  containing  esters,  such  as  lavender,  peppermint,  birch,  pine- 
needle,  etc.,  which  have  been  distilled,  do  not  show  this  behavior.  Berga- 
mot,  however,  is  an  expressed  oil,  and  contains  5-6%  of  nonvolatile  mat- 
ter. In  the  latter  must  be  found  the  cause  of  the  phenomenon,  and,  in  fact, 
the  crystalline  *'bergaptene,"  CuH^4»  isolated  from  bergamot  residues 
by  Mulder,^  and  studied  by  Pomeranz,^  is  formulated  by  the  latter  as  a 
methoxy-coumaron-coumarin,  derived  from  phlorogludn,  and  having 
possibly  the  structure 


«>c«":h-ch 


CH 


(position  of  side  chains  not  determined). 
CO 


In  addition  to  cotmiarin,  bergaptene,  limettin,  tmibelliferon,  daph- 
netin,  aesculetin,  "chrysatropic  add,"  already  identified  as  natural 
products,  it  appears  very  probable  that  other  coumarins  are  yet  awaiting 
recognition.  Possibly  an  example  may  be  found  in  the  "xanthoxylin" 
of  H.  M.  Gordin.* 

Gordin  isolated  from  the  bark  of  the  northern  prickly  ash  (Xanthoxylum 
fraxineum),  a  crystalline  compound,  CijHi404,  with  melting  point  at  132**. 
He  showed  the  presence  of  one  methoxyl  group,  but  could  not  determine 
the  nature  of  the  other  three  oxygen  atoms,  deciding  rather  against  a 
lactone  formula.  Yet  he  found  xanthoxylin  to  exhibit  exactly  the  be- 
havior on  hydrolysis  which  I  have  described  for  cotmiarin*  On  treat- 
ment with  excess  of  alcoholic  alkali,  it  takes  up  sUghtly  more  than  would 
be  required  for  a  monobasic  acid.  On  standing  the  alkali  is  slowly  libera- 
ted, and  may  be  titrated,  etc.,  tmtil  the  entire  amount  of  xanthoxylin 
has  been  set  free. 

In  spite  of  Gordin's  reasons  for  rejecting  the  lactone  formula,  the  writer 
is  inclined  to  believe  that  xanthoxylin  will  be  found  to  be  a  coumarin, 
and,  indeed,  possibly  a  homolog  of  bergaptene,  as  a  comparison  of 
the  formulae  will  show. 

*  Ann.  31,  70  (1839). 

*  Monatsh.,  la,  380  (1891). 

'  This  Journal,  a8,  1649  (1906). 
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Finally^  it  may  not  be  superfluotis  to  recall  the  fact  that  many  sub- 
stances, ctf  great  interest  by  reason  of  their  physiological  properties, 
have  been  found  to  possess  a  lactone  structure.  Cantharidin,  anemonin, 
aesculin,  digitoxin,  helenin,  santonin,  picrotoxin,  strophanthin,  sedano* 
Hd,  artemisin,  are  examples,  and  it  seems  not  unlikely  that  there  may  be 
some  intimate  causal  relation  between  the  mobility  of  the  lactone  ring 
and  the  observed  physiological  activity. 

Bavomns.  N.  J. 


(From  tbb  Hasjuxan  Rbsbarch  Laboratory*  Roosevelt  HospitaIo  Nbw  York 

City.] 

SPECTROPHOTOMETRIC  STUDY  OP  COPPER  COMPLEXES 

AND  THE  BIURET  REACTION. 

Bt  Philip  Adoltb  Kobss  ani>  Arthur  B.  Haw. 
RecciTed  October  1.  1915. 

Contents. — I.  Introductioii.  II.  Absorption  in  the  ultraviolet:  (a)  Tedinic;  (6) 
Results.  III.  Absorption  in  the  visible  spectrum:  (a)  Tecfanic;  (fr)  Results.  IV.  General 
discussion.    V.  Summary. 

I.  Introduction. 

In  the  first  paper^  on  the  configurations  of  the  copper  complexes  and 
their  relation  to  the  biuret  reaction,  it  was  found  that  the  copper  com- 
,  plezes  of  amino  derivatives  and  other  similar  substances  could  be  divided, 
according  to  their  color,  into  three  classes,  (i)  Blue,  (2)  purple — called 
"semi-biuret" —  and  (3)  red — called  "biuret."  The  first  dass  was  also 
characterized  by  the  fact  that  there  were  in  each  complex  2  nitrogen 
groups  so  placed,  that  by  forming  **stable"  rings,'  ikey  could  combine  with 
the  copper.  The  complexes  of  the  second  ckiss  had  3  such  groups  and  the 
third  class  had  4. 

All  told,  114  substances  were  found  which  fitted  in  this  classification, 
of  which  89  were  studied  by  the  authors.  In  short,  all  of  the  data  found 
pointed  to  but  one  explanation,  t.  e.,  that  the  copper  ia  the  red  complexes 
was  the  central  atom  and  that  4  nitrogen  groups  were  combiaed  with  it 
codrdinatdy  in  the  sense  used  by  A.  Werner.  The  nitrogen  groups  could 
be  either  amino,  imino,  imide,  or  amide.  As  the  coordination  number 
of  copper  is  four,  the  ptuple  complexes  probably  contain  besides  3  nitrogen 
atoms,  one  aquo  or  hydroxy  group  attached  to  the  copper.  The  bluish 
tint  of  these  purple  complexes  is  imdoubtedly  due  to  the  latter  groups.' 
Similarly  the  blue  complexes  may  have  two  hydroxy  groups  attached 
to  the  copper. 

That  the  nitrogen  plus  copper  is  not  a  red  producing  chromophore 
and  that  the  red  colors  are  produced,  simply  by  removing  the  blue  produc- 

1  P.  A.  Kober  and  K.  Sugiura,  Am.  Chem,  J.,  48,  383  (1912);  also  original  com- 
munications, 8th  Intern.  Congr.  Apfd.  Chem.,  6,  165  (1912). 
'  4*  5f  or  6  membered  rings. 
*  See  discussion  on  page  471. 
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ing  hydroxy  or  aquo  groups,  yielding  the  true  color  of  cupric  copper  in  a 
nonhydrated  condition  seems  probable,  but  cannot  be  decided  definitely 
yet.  What  conditions  are  necessary,  either  in  a  nitrogenous  substance 
or  in  the  solvent,  to  permit  such  codrdinated  copper  compounds  to  be 
possible  and  to  be  stable  in  aqueous  solutions  has  already  been  considered 
in  a  previous  paper.  ^ 

The  theory  has  already  proven  to  be  useful,  as  a  new  complex  of  copper 
and  biuret  was  found,  with  its  help,  to  exist  in  solution,  and  whose  iso- 
lation and  analysis  published  subsequently  by  Ley  and  Werner*  proved 
it  to  have  the  composition  then  formulated.  The  next  steps  in  establishing^ 
this  theory  are:  (i)  to  show  that  the  absorption  spectra  agree  with  the 
macroscopical  observations,  that  these  colors  can  be  divided  into  three 
classes  and  only  three,  and  that  the  absorption  spectra  of  a  class  are  prac- 
tically identical,  and  (2)  to  show  that  it  really  is  the  nitrogen  groups 
themselves  and  not  groups  associated  with  the  nitrogen,  as  for  example 
some  have  supposed,  oxy  or  hydroxy  groups,  that  produce  these  colors. 
As  the  title  indicates  this  paper  deals  mostly  with  the  absorption  spectra 
of  these  complexes,  but  certain  points  of  the  second  step  are  also  brought 
out. 

n.  Absorption  in  the  Ultraviolet. 

(a)  Technic. — ^The  Hilger  quartz  spectrograph^  size  r,  was  used  ia 
connection  with  a  sparking  outfit^  consisting  of  1/4  k.  w.  rotary  ccHiverter, 
transformer  (giving  about  15,000  volts)  and  condenser,  which  gave  a 
strong  spark  between  the  electrodes.  As  the  details  of  the  arrangements 
have  appeared  in  another  paper^  they  are  not  given  here. 

(6)  Results. — ^The  following  photographs,  •  Fig.  i,  show  that  the  ab- 
sorption is  general  and  that  variations  in  the  constitution  of  these  com- 
plexes cannot  be  followed  by  quantitative  ultraviolet  spectroscc^y. 

The  marked  general  absorption  in  the  ultraviolet,  in  harmony  with 
the  observations  of  Ley  and  li^gge,''  is  due,  no  doubt,  to  the  copper  in 
the  complex.  Whether  the  quantitative  work  in  the  ultraviolet  may  be 
of  more  service  in  this  connection  cannot  be  stated  now,  but  since  the 
classification  of  the  complexes  depends  on  the  variation  of  the  visible 
spectrum,  quantitative  measurements  in  this  region  were  then  made. 

*  Loc.  cit. 

'  Ber.,  46,  4040  (1913).  The  authors  state  that  they  had  isolated  the  compound 
before  the  appearance  of  Kober  and  Sugiura's  paper.  The  results  however  for  "external 
reasons"  were  not  published  till  more  than  a  year  later. 

'  Made  by  Adam  Hilger,  Ltd.,  London,  England. 

^  Made  by  Clapp-Eastham  Co.,  Cambridge,  Mass. 

'  Kober,  J.  Biol.  Chem.,  22,  433  (1915). 

*  We  are  indebted  to  Mr.  Walter  Bberlein,  for  making  these  photographs  (taken. 
March  7-9,  1914). 

7  Ber,,  38,  70  (1915). 
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m.  Absorption  in  the  Visible  Spectrum. 
(a)  Technic. — As  the  apparatus  used  represents  economy  in  instruments, 
was  simple  and  effective,  a  description  may  be  worth  while.    A  Hilger* 
^  Made  by  Adam  Hilger,  Ltd.,  London,  England. 
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sector  photometer  and  an  ordinary  high  dispersion  spectroscope^  com- 
prise the  essential  jj^rts  of  the  apparatus.  The  photometer  was  designed 
for  work  in  the  ultraviolet,  according  to  the  photographic  melhod  of  Victor 
Henri.  It  had  originally  a  speed  of  120  revolutions  per  minute,  but  by 
suitable  gearing,  this  was  increased  to  over  2000  revolutions'  per  minute, 
so  that  when  the  spectrum  was  seen  in  the  eye-piece,  not  the  slightest 
trace  of  vibration  and  flicker  was  obtained. 

As  may  be  seen  in  Fig.  2,  the  light  from  a  Nemst  glower,  was  divided, 
by  means  of  two  prisms,  into  two  paths,  the  upper  going  through  a  call- 


Variable  dtto1x> 


PrJamj 


Fixecf   e^o-t-o»- 


©pectrophoftomet"ep    "for    the     V\e'ito\o    Qpcctrum 
Hlt9«r  PhotomolTBr   <»oa     ©rg^^nina    Qpecfro^cope 

Fig.  2. 

brated  variable  sector  direct  to  the  spectroscope.  This  path  represents 
the  light  entering  the  medium  (I©).  The  lower  path  passes  through  a 
fixed  sector,  whose  aperture  is  equal  to  the  full  aperture  of  the  variable, 
after  which  it  goes  through  the  absorbing  medium  in  the  cell,  into  the 
spectroscope.  This  path  represents  the  transmitted  light  (Ix).  The 
two  paths  produce  with  the  aid  of  a  bi-prism'  two  spectra  in  dose  juxta- 
position and  by  putting  a  narrow  slit  (made  from  stiff  paper)  in  the  eye- 
piece, a  small  section  of  each  spectnun  is  seen  and  a  field  resembling  that 
of  an  ordinary  wedge  colorimeter  is  obtained. 
After  a  solution  was  placed  in  the  cell,  the  variable  sector  was  changed 

*  Made  by  John  Browning,  London,  England;  kindly  loaned  to  us  by  Dr.  J.  T. 
W.  Marshall,  for  which  we  wish  to  express  our  thanks. 

*  To  prevent  vibrations  to  the  spectroscopic  table,  the  photometer  was  motmted 
on  sections  of  rubber,  made  by  cutting  down  rubber  stoppers  to  about  V4  inch  thick- 
ness. 

'  The  sleeve  with  slit  and  bi-prism,  belonging  to  the  quartz  spectrograph  for 
quantitative  work  in  the  ultraviolet,  were  put  into  the  place  of  the  original  sleeve  and 
slit,  as  the  two  sleeves  were  practically  of  the  same  size. 
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step  by  step,  from  full  aperture  to  90,  80,  70,  60,  50,  40,  30,  20  and  10% 
transmission  of  light.  At  each  step  the  eye-piece  was  moved  over  the 
whole  visible  spectrum  and  the  spectroscope  scale  was  read  at  each  point 
where  the  two  spectral  sections  were  of  equal  intensity.  Thus  in  10 
settings,  the  whole  absorption  curve  was  quantitatively  determined. 

The  cell  was  a  Schmidt  and  Haensch  25  mm.  polariscope  tube,  with 
screw  ends,  so  that  the  solutions  were  not  open  to  contamination  from  the 
air,  especially  from  carbon  dioxide,  during  the  measurements.  When  the 
two  instruments  were  in  position,  with  distilled  water  in  the  cell,  the  two 
spectra  showed  equal  intensity  throughout. 

The  basis  of  this  photometric  method,  Talbot's  law  of  Rotating  Sec- 
tors, while  doubted  occasionally  in  the  past,  has  been  shown  by  E.  P. 


Fig.  3. 

Hyde^  and  others,  to  be  accurate  within  experimental  error,  and  is  now 
fairly  well  accepted  by  photometrists. 

The  wave  lengths  corresponding  to  the  readings  of  the  spectroscope 
scale  were  determined  by  noting  the  position  of  some  standard  lines  in 
the  spectrum  of  the  iron  and  copper  arc  and  the  sodium  flame.  These 
readings  were  then  plotted  with  the  wave  lengths,  and  from  the  curve 
obtained.  Fig.  3,  any  scale  reading  could  be  expressed  at  once  in  Ang- 
strom Units. 

The  photometric  results  of  this  paper  are  probably  only  accurate  to 
within  2%,  as  not  more  than  two  readings  were  made  on  an  average  for 

>  Bureau  of  Standards,  Bull.  26.     For  white  light  he  found  Talbot's  law  to  hold 
within  0.2%  and  for  colored  lights  the  acciu-acy  was  not  far  from  that  figure. 
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each  pointi  although  the  usual  photometric  precautions  of  working  in  a 
dark  room  and  shielding  the  eyes  from  any  glare,  were  observed.  Taking 
the  maximum  absorption  of  the  glycine  and  ammonium  complex  of  copper 
as  standards,  our  results  compare  favorably  with  those  obtained  with 
other  instruments.  Using  the  formula  t  =  i/nt.d  log  Io/Ii»  where  m 
equals  the  gram  molecules  of  substance,  d  equals  the  thickness  of  absorb- 
ing medium  in  centimeters,  lo  the  light  entering  the  medium,  and  Ii 
the  transmitted  light,  we  fotmd  the  molecular  absorption  coefficient 
c^for  the  glydn  copper  complex  to  be  40.  Using  a  Koenig-Marten 
spectrophotometer,  Ley  and  Legge^  found  42.  For  the  ammonium  copper 
complex,  we  found  the  coefficient  to  be  51.  Whereas  Ley  and  Legge,  and 
Hantzsch,'  also  using  a  Koenig-Marten  spectrophotometer,  found  it 
to  be  49.6  to  50.0.  The  molecular  absorption  coefficients  for  other  points 
on  the  absorption  curves,  obtained  by  us,  cannot  be  compared  directly 
with  those  obtained  by  others,  as  they  are  somewhat  dependent  on  the 
alkalinity  of  the  solvent.' 

Preparation  of  Substances  and  Solutions. — ^All  of  the  substances^  with 
the  exception  of  the  simpler  types  such  as  amino  adds  and  ammonia, 
particularly  the  peptides,  contain  small  but  appredable  impurities,  which 
could  only  be  eliminated  by  an  enormous  and  unrewarded  expenditure 
of  time  and  material.  Therefore,  it  was  dedded  to  keep  the  copper  con- 
tent constant,  if  possible,  and  to  add  just  suffident  quantity  of  the  organic 
substance  to  attain  that  end.  Before  studying  the  solution  spectro- 
photometrically,  its  copper  content  was  determined  by  iodometric  titration. 

The  copper  complexes  were  made  by  adding  cupric  hydroxide,  prepared 
according  to  directions  of  Kober  and  Sugiura,^  to  the  aqueous  solution 
of  the  substance.  Such  copper  complexes  are  designated  by  "netUroT* 
in  the  curves.  When  made  faintly  a^aline,  by  adding  20  cc.  of  "buflfer" 
solution^  (Ch  =  io~**)  to  30  cc.  of  copper  complex  solution,  they  are 
designated  as  ^'buffer,"''  When  made  strongly  alkaline  by  adding  from 
3  to  10  cc.  of  normal  carbon  dioxide  free  sodium  hydroxide,  to  25  cc.  of 
copper  complex  solution,  the  curves  are  designated  as  * 'alkaline." 

Previous  work  in  the  quantitative  study  of  absorption  in  the  visible 

>  Ber.,  48,  70  (1915). 

*  Hantzsch  and  Robertson,  Ihid,,  4a,  2135  (1909). 

*  See  discussion  on  p.  463. 

*  Taken  from  the  collection  of  amino  acids,  peptides  and  their  derivatives  pur- 
chased from  the  estate  of  the  late  Dr.  A.  H.  Koelker,  who  made  and  gathered  moat 
of  the  substances,  while  working  in  the  Fischer,  Abderhalden,  and  Johns  Hopkins 
Laboratories. 

»  This  JotmNAX*,  35,  1557  (1913)- 

*  Ibid.,  1558. 

^  The  lack  of  a  potentiometer  prevented  us  from  determining  accurately  the  OH 
concentrations  in  the  final  solutions. 
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has  been  limited  to  the  measurement  of  the  absorption  coefficients  at 
certain  wave  lengths^  and  only  recently  Henri  measured  and  plotted  the 
whole  absorption  curve  in  his  ultraviolet  work.  For  the  reader  these 
tables  of  absorption  coefficients  are  difficult  to  compare,  although  for 
accuracy  this  method  of  presentation  is  excellent.  As  cturves,  accurate 
to  within  the  limits  of  experimental  error,  can  be  constructed,  we  propose 
to  give  all  our  data  in  the  form  of  cturves.  It  will  present  the  results 
more  simply  for  the  average  reader,  while  those  interested  in  the  details 
can  by  little  effort,  obtain  all  the  accuracy  possible,  because  the  accuracy 
of  the  curves  will  not  be  affected  by  their  reduction  in  the  Journal. 

(b)  Restdts. — ^The  results  shown  in  the  following  figures,  4,  5,  6,  7  and 
8,  were  obtained  at  room  temperature  and  are  given  without  comments, 
as  these  are  brought  out  in  the  discussion. 

IV.  General  IMscussion. 

The  first  point  to  which  attention  may  be  directed,  is  that  the  amount 
and  nature  of  the  absorption  of  a  given  complex  is  somewhat  dependent 
on  the  concentration  of  hydroxyl  ions.  As  may  be  observed,  in  the  tetra- 
peptide  complexes,  5c,  6c  and  7a,  the  weaker  alkali  only  faintly  develops 
the  red  color,  while  in  the  stronger  alkali,  the  red  color  is  most  fully  de* 
veloped.  On  the  other  hand,  in  the  tripeptides  the  reverse  is  true.  In 
the  curves  5a,  $b,  6a  and  66,  the  weaker  alkali  is  the  most  favorable  for 
the  development  of  the  purple  or  semi-biuret  color,  and  the  stronger  alkali 
shifts  the  color  towards  the  blue.  The  variations  in  color  of  the  blue 
dipeptide  complexes^  with  the  alkalinity  of  the  solvent,  were  not  studied, 
spectrophotometrically,  owing  to  the  lack  of  opportunity,  but  we  know 
that  macroscopically  there  is  no  change  of  color,  with  weakly  or  strongly 
alkaline  solution.  In  the  amino-add  blue  complexes,  there  is  no  visible 
change  with  weak  alkaU,  but  in  strong  alkali  most  of  the  copper  is  pre- 
cipitated.* 

From  this  we  can  safely  conclude  that  each  class  of  complexes,  or  at  least 
each  complex,  has  a  certain  concentration  of  OH  ions  at  which  the  maximum 
development  of  red  color  is  obtained. 

The  results  give  three  types  of  absorption  curves:  (i)  Blue  complexes: 
the  absorption  beginning  at  about  480  h/jl  and  reaching  a  number  maxi- 
mum at  630  /i/i,  as  in  curves,  4a,  46,  4c  and  those  marked  "neutral" 
in  5«»  5b,  5c,  6a,  6b,  6c  and  7a.  (2)  Purple  or  semi-biuret  complexes:  ab- 
sorption beginning  at  about  459  mm  and  reaching  a  maximum  at  540  /i/i, 
as  in  curves  marked  "buffer"  in  5a,  56,  6a  and  66.  (3)  Red  or.  biuret  com- 
'  See  Hantzsch,  Ley  and  others,  hoc.  Hi. 

*  Kober  and  Sugiura,  This  Journal,  35,  1572  (i9i3)>  showed  that  the  stability,  or 
inyenely  the  predpitabtlity,  of  the  complexes,  under  certain  conditions  is  in  the  same 
order;  tetrapeptide  complexes  precipitate  Cu  on  an  average  9.2%;  tripeptides,  10.8%; 
dipeptides,  17.3%;  amino  adds,  86.5%. 
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Copper  ammonium  complex.     (0.063  g.  CuO  in  100  cc.) 
% 


A  mino  acid  copper  complexes. 

1.  Histldin  di-HCl  (0.0637  g.  CuO  in  100  cc.) 

2.  Glutainic  acid      (0.06.^3  "     "       ''     "     *'  ) 


3.  Aspartic  acid        (0.0617  ' 

4.  Alanin  (0.0635  ' 

5.  Glycin  (0.0638  ' 


4.  Alanin  (p.0635  ••     ;•       "     "^     "  ) 


Dipeptide  copper  complexes. 

1.  Glycyl-tryptophane  (0.0637  g.  CuO  in  100  re.) 

2.  Glycyl-leucin  (0.0640 ) 

3.  Amino-butyl-glycin  (0.0636  "      "       *'     "      **  ) 

4.  Alanyl-glycin  (0.0635  "     "       "     "      "  ) 
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(1)   Triptptide  compUxts. 
Alanyl-glycyl-glycin  copper  (neutral  solution;  0.0640  g.  CuO  in  100 

cc.) 
AJanyl-glycyl-glycin  copper  (buffer  solution;     0.0316  g.  CuO  in  1(X) 

cc.) 
Alanyl-glycyl-glycin  copper  (alkaline  solution;  0.0316  g.  CuO  in  1(X> 

cc.) 
% 


Di-glycyl-glydn  copper  (neutral  solution;  0.0527  g.  CuO  in  100  cc.) 

^'  •*  '^      (buffer  solution;     0.0319"      '.     ; 

"       (alkaline solution;  00319 ) 


(2)  Tetrapepti(U  complexes. 
AT-amino-caproyl-di-glycyl-glycin  copper  (neutral  solution;  0.0629  g. 

CuO  in  100  cc.) 
Tyr-amino-caproyl-di-glycyl-glycin  copper  (buffer  solution;  0.0311  g. 

CuO  in  100  cc.) 
iV-amino-caproyl-di-glycyl-glycin  copper  (alkaline  solution;  0.03 10 g. 

CuO  in  100  cc.) 
% 
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(1)  Triptptfde  comfUxes. 
Amino-butyl-glycyl-glycin  copper  (neutral  solutioti;  0.0633  f .  CuO 

in  100  cc.) 
Amino-butyl-glycyl-glycin  copper  (buffer  solution;  0.0317  g.  CuO 

in  100  cc.) 
Amino-butyl-glycyl-glycin  copper  (alkaline  solution;  0.03 1 7  g.  CuO 

in  100  cc). 
% 


Leucyl-alanyl-glycin    copper    (neutral  solution;  0.0639  g.  CuO  in 

100  cc.) 
Leucyl-alanyl-glycin    copper    (buffer  solution;    0.0311  g.    CuO   in 

100  cc.) 
Leucyl-alanyl-glycin  copper   (alkaline  solution;  0.0318  g.  CuO  in 

100  cc.) 


%       it  M  8*  *0  «1  6t  M  «4 

(2)   T4trapeptide  complexes. 
Amino-butyl-di-glycyl-glycin  copper   (neutral  solution;    0.0634   g. 

CuO  in  100  cc.) 
Amino-butyl-di-glycyl-glycin    copper    (buffer    solution;    0.0318   g. 

CuO  in  100  cc.) 
Amino-butyl-di-glycyl-glycin  copper   (alkaline  solution;    0.0319   g. 

CuO  in  100  cc.) 
%   1. 


•0  •! 
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Alanyi-di-glycyl-glycin  copper  (neutral  solution;  0.0630  g.  CnO  in 

100  cc!) 
Alanyl-di-glycyl-glycin   copper    (buffer  solution;  0.0316  g.  CuO  in 

100  cc.) 
Alanyl-di-glycyl-glycin  copper  (alkaline  solution;    0.0317  g.  CuO  in 

100  cc' 


Egg  albumin  copper  (alkaline  so  ution;  0.0160  g.  CuO  in  100  cc.) 
% 


% 


Bdestin  copper  (alkaline  solution;  0.0162  g.  CuO  in  100  cc.) 
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Casein  copper  (alkaline  solution;  0.016?  g.  CuO  in  100  cc.) 


Witte  peptone  with  copper  ("semi-biuret")  (alkaline  solution;  0.0166 
^     g.  CuO  in  100  cc). 

Witte  peptone  in  excess  ("biuret")  (alkaline  solution;  0.0162  g.  CuO 
in  100  cc.) 
% 


Cu(biuret)s  ("biuret")  (alkaline  solution;  0.0628  g.  CuO  in  100  cc.) 
Cu(biuret)i  ("semi-biurct")  (alkaline  solution;  0.0628  g.  CuO  in  100 

cc.) 

% 


»T  ea  s»  «o  fti  It  M 
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plexes:  absorption  beginning  beyond  443  mm  and  reaching  a  maxinnim 
at  505  MM*  as  in  curves  marked  alkaline  in  sc,  6c  and  7a,  8c. 

The  results  with  diglycyl-glycine  also  show  that  in  the  "buffer"  solution 
the  semi-biuret  color  is  as  strong  as  with  the  other  tripeptides,  corroborating 
spectrophotometrically  a  former  observation.^  Therefore,  E.  Fischer's 
statement  that  this  peptide  does  not  give  a  biuret  reaction  and  is  an  ex- 
ception to  the  other  tripeptides,  is  shown  to  be  incorrect.  This  error  is 
a  result  of  the  fact  that  he  used  and  recommended  strong  alkali  for  biuret 
reactions.  No  doubt  negative  biuret  reactions  with  other  substances,  which 
theoretically  ought  to  be  positive,  are  often  due  to  unfavorable  amounts  of  alkali 
used. 

Although  there  are  variations  due  to  unfavorable  alkalinity  and  to  some 
extent  to  impuritiesy  yet  the  results  show  three  types  and  only  three  types  of 
absorption. 

Biuret  Reaction  of  Proteins. — In  76,  7c,  8a  and  86,  the  absorption  curves 
of  a  number  of  protein  complexes  are  shown.  Similarly  as  with  the  pep- 
tides, a  suitable  amount  of  protein  was  treated  with  an  excess  of  cupric 
hydroxide,  but  in  a  strongly  alkaline  solution.  After  filtering  and  estimating 
the  copper,  the  absorption  was  determined. 

As  the  results  show,  the  curves  are  practically  the  same  as  were  obtained 
with  the  tripeptides,  except  the  apparent  absorption  is  less.  On  cal- 
culating the  molecular  absorption  coeflScient,  however,  for  wave  length 
540  MM>  the  amount  of  absorption  with  the  alkaline  protein  complexes  is 
found  to  be  about  the  same  as  with  the  tripeptide  complexes  in  "buffer" 
solution,  i,  e.,  they  give  a  semi-biuret  color. 

Table  I. 

%  Absorption.  Coefficient.  %  Absorption.  Coeff. 

Alanyl-glycyl-glycine 94  122         Casein 79  136 

Diglycyl-glydne 93  116        Egg  albumin 77  128 

I^eucyl-alanyl-glycine 97  152        Edestine 71  108 

Amino-butyl-glycyl-glycine —     96  140 

Av.,  95     133  76     124 

Peptone  (semi-     64     188 

(biuret)  . .  80     140 

With  Witte  peptone,  the  results  are  less  certain,  as  the  substance  is  a 
crude  and  colored  mixture,  and  may  contain  interfering  substances.  It 
will  also  be  observed  that  an  error  of  1%  in  the  measurement  of  absorption 
at  these  points  is  multiplied  from  4  to  10  times  in  the  molecular  absorp- 
tion coefficient.  The  greatest  accuracy  in  determining  the  coefficient, 
is  obtained  by  keeping  the  absorption  at  50%. 

These  results  support,  if  they  do  not  prove  two  points:  (i)  that  the  so- 
called  "biuret  reaction,**  a  test  used  for  the  past  half  century  for  detecting 
*  Tms  JouRNAi,,  35, 1571  (1913)- 
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proteins  qualitatively,  is  no  other  than  a  complex  formation  with  copper 
and,  therefore,  as  far  as  color  formation  is  concerned,  no  decomposition  of 
'  the  protein  is  involved. ^  (2)  That  the  protein  configurations  are  such  that 
pennit  only  3  nitrogen  groups  to  form  rings  with  copper;  and,  therefore, 
the  protein  molecule  must  be  aggregated,  and  is  not  in  the  form  of  long 
free  chains  or  branches  of  peptides  or  conjugated  amino  acids.  This  is 
supported  by  other  facts;  Kober  and  Sugiura*  showed  that  these  native 
proteins  give  no  test  for  free  amino  acids,  and  Van  Slyke  and  Birchard* 
showed  that  most  of  the  amino  groups — and,  therefore,  also  the  carboxyl 
groups — are  conjugated. 

The  biuret  reaction  made  in  this  way,  u  e,,  saturating  the  protein  sub- 
stance with  copper,  and  determining  the  nature  and  the  amount  of  ab- 
sorption as  well  as  the  amoimt  of  copper  combined,  may  increase  the  value 
of  the  copper  technic*  in  studying  the  constitution  of  proteins  and  their 
derivatives.  Thus,  for  example,  it  may  be  possible  by  estimating  the  ab- 
sorption at  wave  lengths  which  are  characteristic  of  each  type,  to  determine 
in  mixtures  how  much  of  each  type  is  present.  For  example  (i)  wave 
length  693  /x/x  possibly  could  be  used  for  estimating  the  amount  of  blue 
or  dipeptide  complexes.  (2)  Wave  length  560  mm  could  possibly  be  used 
for  both  the  purple  (tripeptide)  and  the  red  (tetrapeptide),  while  (3)  wave 
length  455  /x/x  might  be  used  for  the  latter  alone.  Subtracting  the  amount 
of  copper  found  by  (3)  from  that  foimd  with  (2),  would  give  the  amount 
of  tripeptide  complexes. 

Some  Evidence  For  these  Configurations. — It  is  reasonably  certain^ 
that  the  direct  cause  of  these  red  color  reactions  with  copper  has 
nothing  to  do  with  the  hydrocarbon  part  of  the  substance,  but  is  due 
either  to  the  oxygen  or  nitrogen  groups,  or  to  both.  It  is  of  utmost  im- 
portance for  practical  purposes,  aside  from  the  general  interest  in  these 
complexes,  to  know  to  what  groups  in  the  substance  this  coloration  is 
due.  The  amount  of  color  in  the  biuret  or  semi-biuret  complex^  is  about 
13  times  as  strong  as  the  color  of  ordinary  copper  salts,  such  as  the  blue 
sulfate. 

If  the  color  were  due  to  the  oxy  or  hydroxy  groups  alone,  would  this 
agree  with  the  following  facts?  (i)  That  copper  compoimds  of  substances 
containing  no  nitrogen,  but  oxy  or  hydroxy  groups,  such  as  glucose,  fruc- 
tose, lactose,  galactose,  maltose,  glycerol,  and  lactic  acid  are  quantitatively 
and  tartaric,  citric,  and  oxalic  add, /ram  jo  to  qo%  decomposed,  in  a  weakly 
alkaline  solution^  in  which  all  complexes  of  amino  acids,  peptides  and  other 

^  The  strong  alkali  usually  used  for  making  this  test  does  no  doubt  cause  hydrolysta 
of  the  protein,  but  this  is  purely  incidental. 

*  This  Journal,  35>  1580  (1913). 
»  /.  BioL  Ckem.,  x6,  539  (1914)- 

*  Tms  Journal,  35,  1563-4  (1913)- 

*  Kober  and  Sugiiu"a,  Ibid.,  35,  1562  (19 13). 
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protein  derivatives  are  perfectly  stable,^  Similarly  that  stability  of  these 
oxy  and  hydroxy  complexes  in  strong  alkali*  is  not  at  all  comparable  to 
those  of  the  peptide  or  protein  complexes.  (2)  That  thus  far  no  red  colored 
complexes  of  copper,  in  aqueous  solutions,  have  ever  been  found  containing 
only  oxygen  groups.  The  specificity  accorded  heretofore  to  the  biuret 
reaction  for  proteins  is  in  harmony  with  that  fact.  (3)  That  a  number 
of  copper  complexes  of  oxy  or  hydroxy  substances,  which  have  been 
studio  and  which  have  the  same  possible  ring  configuration  as  these  nitro- 
gen complexes,  are  blue. 

—  +        +  — 
0  =  C— (X         yO— C-O  COOK  KOOC 

H,C  CH,  I         x:u^       I  I  I 

I      H           H      I                   CH,                       CH,  HC— OH            HOCH 

H— C— Ov         yO— CH                I      H            H      I  I      H           H      | 

I          >Cu<^         I               HC— Oy       yO— CH  HC-<K         yO— CH 

o«c-<r         X>-C-0          I       )>cu<r        I  I       )>Cu<(       I 

o=c— o^     N>— c=o  o-c-<r      N>-c-o 

Copper  lactate.'  Copper  malate.*  Copper  potassium  tartrate.* 

To  sum  up:  oxy  or  hydroxy  complexes  of  copper,  no  matter  what  con- 
figuration they  may  possess,  are  all  bue  or  green,  and  never  red,  and  are  char- 
acterized by  their  relative  instability  in  alkaline  solutions. 

That  the  red  colors  are  due  to  nitrogen  groups,  the  following  facts 
tend  to  prove:  (i)  Substances  possessing  no  oxygen  and  only  nitrogen 
give  a  red  biuret  reaction,  e.  g.,  diguanidine  copper.*  (2)  Complexes  con- 
taining a  deficiency  of  oxygen  groups  (more  than  two  groups  whether 
it  be  oxygen  or  nitrogen,  are  necessary  for  these  bitu-et  colors)  but  sufficient 
nitrogen  groups,  give  a  red  biuret  reaction,  as  for  example  dicyanodiamidine 
capper,^  semi-biuret  copper,*  21  crystalline  complexes  of  TschugaeflF,*  and 
others,  all  of  which  contain  two  oxygen  and  three  or  four  nitrogen  groups. 
(3)  Finally,  the  great  parallelism  between  the  number  of  nitrogen  groups 
available  for  the  combination  with  copper,  and  the  red  colors;  that  the  amount 
of  red  color  in  a  complex  is  a  function,  as  is  shown  in  this  paper  spectro- 
photometrically,  of  the  number  of  nitrogen  groupsr— up  to  fotu* — at- 
tached to  the  copper  atom.  Thus  68  amino  adds  and  peptides,  21  chloro 
and  bromo  derivatives,  studied  by  Kober  and  Sugiura,  25  amino  substances 
prepared  by  Emil  Fischer  and  collaborators  (not  included  by  K.  and  S.), 

»  This  Journal,  35,  1551-7  (1913). 
.«  Ibid.,  1563  and  1572. 

*  Paul  Calame,  Z.  physik.  Chem.,  37,  401-20  (1908}. 
*Ibid. 

»  Kahlenberg,  Z.  physik.  Chem.,  17,  590  (1895). 

*  Tschugaeff,  Ber.,  40,  1977  (1907). 

^  Tschugae£F,  Ibid.,  40,  1977;  38,  2904;  37,  1480. 

'  Kober  and  Sugiura,  Am.  Chem.  /.,  48,  402  (191 2);  Ley  and  Werner,  Ber.,  46, 
4040  (1913). 

*  TschngaefF,  Loc.  cit. 
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21  complexes  of  Tschugaeff  mentioned  above  give  135  different  complexes 
which  seem  to  be  in  harmony  with  this  theory  of  biuret  reaction.  This  list 
is  by  no  means  complete. 

Having  thus  shown  what  seems  fairly  conclusively^  that  the  red  color  of 
these  copper  complexes  is  due  to  the  presence  of  nitrogen  groups  alone,  the 
next  step  is  to  find  what  the  other  details  of  these  complexes  are,  and  how 
the  complexes  are  formed.  Since  experimental  evidence  on  all  points  is 
not  available,  and  on  some  points  evidence  is  wholly  lacking,  our  discussion 
on  these  questions,  as  well  as  our  reply  to  recent  criticism  will  be  reserved 
for  a  subsequent  paper. 

V.  Stunmary. 

1.  The  absorption  in  the  visible  spectrum,  of  copper  complexes  of 
amino  adds,  peptides  and  proteins  was  studied  quantitatively,  in  neutral 
and  alkaline  solutions. 

2.  From  the  nature  and  the  amount  of  absorption,  considerable  support 
was  found  for  the  theory  of  biuret  reaction  proposed  by  Kober  and  Sugiura. 

3.  The  biuret  reactions  with  proteins  seems  to  be  nothing  more  than 
ring  formations  of  the  copper  with  the  nitrogen  groups. 

Hastings-on-Hudson.  N.  Y. 
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Up  to  the  present  time  no  definite  evidence  has  been  brought  forth  as  to 
whether  the  phosphoric  acid  present  in  starch  is  in  chemical  combina- 
tion or  not.  Ford,^  Fembach,*  Fembach  and  WolflF,'  Malfitano,*  Mal- 
fitano  and  Moschkoff,*  Fouard,*  Thomas/  Grewzewska*  and  others, 
employing  a  variety  of  methods  such  as  precipitation  with  alcohol,  ace- 
tone, freezing  or  dialysis,  etc.,  all  were  unable  to  completely  free  the 
starch  from  its  accompanying  phosphorus. 

Samec,*  seems  to  have  shown  quite  conclusively  that  the  starch  gran- 
ules are  not  homogeneous  and  that  the  phosphorus  is  associated  with  the 
exterior  of  the  grains  (amylopectin).  He  further  states  that  the  phos- 
phoric acid  and  the  amylopectin  are  chemically  combined  in  the  form  of 
an  amylophosphoric  acid,  since  the  only  way  to  account  for  the  decrease 

*  /.  Soc.  Chetn.  Ind,,  23,  414  (1904). 

*  Compt.  rend.,  138,  428  (1904);  155,  617  (1912). 
« Ibid.,  140,  1403  (1905). 

♦  Ibid.,  143,  400  (1906). 
^  Ibid.,  150,  711  (1910). 

•  Ibid.,  144,  501  (1907);  146,  285  (1908). 
^  Biochem.  Bull.,  3,  407  (1914). 

»  Compt.  rend.,  153,  785  (191 1). 

•  KoUaidchem.  Beihefte,  3,  123  (1911);  4>  i33  (1912);  5>  141  (i9i3);^a3  (1914)* 
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in  viscosity  and  cataphoresis,  and  increase  in  solubility,  osmotic  pressure 
and  activity,  when  starch  solutions  are  heated  or  allowed  to  stand  is  by 
the  hydrolysis,  with  the  Uberation  of  free  phosphoric  acid  from  a  com- 
pound of  this  type.  Samec  measured  what  he  considered  to  be  the  hy- 
drolysis of  the  amylophosphoric  add,  by  the  increase  in  the  conductivity 
of  the  solution.  Results  obtained  independently  in  this  laboratory, 
however,  show  that  Uttle  or  no  free  phosphoric  add  is  Uberated  under 
these  conditions  and  that,  therefore,  the  change  in  properties  of  a  starch 
solution  under  these  conditions  can  not  be  attributed  to  the  hydrolysis 
of  such  an  amylophosphoric  add.  It  was  found,  on  the  contrary,  that 
several  hours'  heating  with  io%  add  were  necessary  for  the  Uberation  of 
all  the  phosphoric  as  free  phosphoric  add.  This  is  in  keeping  with  the 
behavior  of  other  phosphoric  add  esters  studied  by  Fisher,^  Anderson,* 
Plimmer,'  and  Levene  and  Jacobs.* 

The  results  of  the  present  investigation  show:  ^ 

First.  The  phosphorus  is  chemically  combined  in.  the  starch  grains 
and  cannot  be  removed  by  extraction  with  dilute  add,  either  in  the  form 
of  free  phosphoric  add  or  in  combination.  This  shows  that  its  presence 
cannot  be  due  to  contamination  with  other  material  present  in  the  pota- 
toes from  which  the  starch  used  in  this  investigation  was  obtained. 

Second.  A  method  has  been  fotmd  for  the  isolation,  from  partially 
hydrolyzed  starch,  of  a  compound  of  relativdy  high  phosphorus  content, 
of  definite  composition  and  containing  a  carbohydrate. 

Third.  This  compound  differs  from  Samec's  hypothetical  amylo- 
phosphoric add  in  that  it  is  more  stable  towards  hydrolysis. 

Fourth.  The  possibility  that  the  compound  is  derived  from  proteins 
in  the  starch  is  shown  to  be  very  remote,  in  view  of  the  small  amount  of 
nitrogen  present  in  the  original  starch  and  of  the  fact  that  acetyl  deriva- 
tives were  obtained  that  contained  phosphorus  but  no  nitrogen. 

Experimental. 

Determination  of  Pho^horus. — ^The  sample  was  decomposed  by  the 
Neumann  method  and  the  phosphorus  predpitated  as  ammonium  phos- 
phomolybdate*  and  determined  by  titration  with  alkali,*  formal- 
dehyde being  added  to  remove  the  ammonia.^  The  starch  used  in 
this  investigation  was  potato  flour  and  was  found  to  contain  0.06% 
phosphorus  by  this  method. 

No  phosphate  could  be  extracted  by  dilute  add,  while  a  known  amotmt 

1  Ber„  47, 3193  (1914). 
>  J.  Biol,  Chem.,  ao,  487  (1915). 
»  Biochem.  J.,  7,  43  (1913)- 
<  Ber.,  41,  1905  (1908). 

*  Hibbard,  J.  Ind.  Eng.  Chem.,  5,  998  (1913). 

•  Falk  and  Su^ura,  Tms  Journal,  37,  1507  (1905). 
^  Bang,  Biochem.  Z.,  33,  443  (191 1). 
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of  phosphate  added  to  the  starch  before  extraction  could  be  completely 
recovered,  showing  that  the  phosphorus  is  not  present  as  an  adsorbed 
impurity. 

Ten  grams  of  starch  were  stirred  twenty-four  hours  with  500  cc.  of  2% 
hydrochloric  acid,  filtered,  the  filtrate  evaporated  to  150  cc.  and  the  phos- 
phorus precipitated  with  molybdate  as  usual.  The  amount  of  precipi- 
tate was  too  small  to  determine.  The  experiment  was  repeated  with  the 
addition  of  0.0064  g.  of  phosphorus  as  secondary  potassium  phosphate 
to  the  solution  before  extraction  and  resulted  in  the  recovery  of  0.00638 
g.  of  phosphorus. 

Determination  of  Nitrogen. — Various  figures  are  given  in  the  litera- 
ture for  the  percentage  of  nitrogen  present  in  potato  starch.  Kdnig^ 
gives  0.1%;  Fernbach^  found  0.018-0.038%;  and  Samec^  reports  a  trace. 
Analysis  of  5  g.  of  the  starch  used  in  this  investigation  gave  negative 
results  by  the  KjAdahl  method.  The  Dumas  method,  using  a  i  g.  sam- 
ple also  gave  negative  results.  A  slight  coloration  was  obtained  in  the 
nitroprusside  test,  which  was  fotmd  to  be  less  than  that  obtained  from  a 
mixture  of  crystallized  egg  albumin  and  cane  sugar  containing  0.1% 
nitrogen. 

Isolation  of  a  Compound  of  Higher  Phosphorus  Content. — ^Bom  and 
Nelson^  have  shown  that  the  phosphorus  bearing  polysaccharide  or  in- 
vertase  undergoes  acetolysis  in  such  a  way  as  to  increase  the  percentage 
of  phosphorus.  Acetylation  of  starch,  however,  led  only  to  the  isolation 
of  products  containing  0.06-0.13%  phosphorus.  Since  no  products 
containing  a  higher  percentage  of  phosphorus  could  be  isolated  by  this 
method,  it  was  abandoned.  The  acetyl  derivatives  were  free  from  nitro- 
gen, so  that  it  seems  improbable  that  the  phosphorus  was  of  protein 
origin. 

Acid  Hydrolysis. — It  was  found,  however,  that  starch  could  be  partially 
hydrolyzed  by  add  without  spUtting  off  more  than  a  small  percentage  of 
the  total  phosphorus  and  that  compounds  of  relatively  high  phosphorus 
content  could  be  isolated  from  this  partially  hydrolyzed  starch  solution. 

Ten  grams  of  starch  were  dissolved  in  100  cc.  of  10%  hydrochloric  add 
and  the  solution  heated  on  the  water  bath  tmtil  no  precipitate  was  ob- 
tained on  adding  a  drop  of  the  solution  to  alcohol.  The  solution  was 
then  filtered  from  the  predpitate  of  retrograded  starch  which  always  formed 
and  the  amount  of  free  phosphoric  acid  determined  in  the  filtrate  by  pre- 
dpitation  first  with  magnesia  mixture  and  then  with  molybdate.  The 
experiment  was  then  repeated  with  the  addition  of  a  known  amount  of  a 

1  Nahrungs  und  GenussmiUel,  3rd  ed.,  I,  626. 

» Loc.  cU, 

*Loc.cit. 

*  Tma  Journal,  $6^  393  (1913). 
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solution  of  secondary  potassium  phosphate  to  the  solution  before  hy- 
drolysis. The  results  obtained  by  difference  in  this  way  were  the  same 
as  those  obtained  directly,  showing  that  this  phosphorus  was  not  retained 
by  adsorption.  Only  3-5  %  of  the  total  phosphorus  could  be  found  in 
the  solution  as  free  phosphoric  add  when  the  starch  was  hydrolyzed 
under  these  conditions.  The  results  of  four  such  determinations  are  given 
in  Table  I. 

Tablb  I. 

Grams  starch.                                                        10.  10.                 10.               10. 

Grams  P  found 0.00023  0.00024  0.00662  0.00664 

Grams  P  added ...  ...  o  .0064  o  .0064 

P  from  starch 0.00023  0.00024  0.00022  0.00024 

Percent.  P hydrolyzed 3.83  4.00  3.66  4.00 

These  results  render  it  improbable  that  the  increase  in  conductivity 
noticed  by  Samec,  when  starch  solutions  were  heated  or  allowed  to  stand, 
was  due  to  the  liberation  of  free  phosphoric  acid.      ' 

Long-continued  hydrolysis  with  acid  resulted  in  the  liberation  of  all 
the  phosphorus  as  free  phosphoric  acid.  Thus  it  will  be  noticed  that 
the  starch  compound  differs  from  phytin  in  this  respect,  since  Anderson 
and  others  have  shown  that  phytin  is  completely  hydrolyzed  only  by 
heating  with  strong  add  under  pressure.^ 

Ten  grams  of  starch  were  dissolved  in  joo  cc.  of  io%  hydrochloric  add 
and  heated  on  the  water  bath  with  a  reflux  condenser  for  fourteen  hours. 
Foimd,  by  predpitation  as  magnesia  ammonium  phosphate  and  then  as 
molybdate,  0.0059  E-  phosphorus,  equivalent  to  98.3%. 
-  A  compound  containing  the  combined  phosphorus  could  be  predpi- 
tated  from  the  solution  by  neutrahzing  the  add  with  barium  hydroxide 
and  adding  two  volumes  of  alcohol.  This  predpitate,  after  removal  of 
the  barimn  with  sulfuric  add  and  subsequent  predpitation  with  alcohol, 
contained  3-5%  phosphorus  and  was  later  shown  to  be  an  organic  phos- 
phoric add.  In  order  that  the  material  cotild  be  obtained  in  suffident 
quantities  to  work  with,  it  was  necessary  to  determine  the  conditions  for 
its  isolation  so  that  it  cotild  be  carried  out  on  a  large  scale. 

Conditions  for  Hydrolysis. — ^As  it  was  necessary  to  predpitate  with 
alcohol,  attempts  were  made  to  hydrolyze  the  starch  in  as  concentrated 
a  solution  as  possible.  A  25%  starch  solution  was  found  to  be  the  max- 
imum concentration  that  could  be  used,  since  a  higher  concentration 
gave  too  thick  a  paste.  Hydrolysis  with  strong  add  was  found  to  be  the 
best,  since  dilute  acid  favors  the  formation  of  retrograded  starch,  a  sub- 
stance that  is  exceedingly  troublesome  to  filter. 

When  working  with  small  quantities,  it  was  found  possible  to  evaporate 
the  solution  after  hydrolysis  and  subsequent  neutralization  with  am- 
monia, but  when  large  amounts  were  used  a  caramd-Uke  substance  was 
*  Anderson,  /.  Biol.  Chem.,  ao,  487  (1915);  Plimmer,  Biochem,  J.,  7,  43  (1913)* 
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fonned  that  was  insoluble  in  alcohol.^  The  formation  of  this  insoluble 
substance  was  obviated  by  allowing  hydrolysis  and  evaporation  to  take 
place  together.  The  following  conditions  were  found  to  be  the  most 
satisfactory  for  this  purpose: 

Ten  kilograms  of  starch  were  suspended  in  forty  liters  of  water  and  two 
Uters  of  concentrated  hydrochloric  add  added.  The  mixture  was  stirred 
and  steam  under  fifty  pounds'  pressure  led  in  tmtil  the  stiff  paste  which 
first  formed  had  completely  liquefied.  The  solution  was  then  transferred 
to  large  evaporating  dishes  and  heated  on  the  water  bath  at  65  °  until  no 
precipitate  was  formed  on  the  addition  of  a  few  drops  of  the  solution  to 
alcohol.  It  was  then  neutrahzed  by  solid  barium  hydroxide  and  the  solu- 
tion filtered  from  the  precipitate  of  retrograded  starch,  baritmi  phosphate* 
and  barium  carbonate,  through  large  fluted  papers.  The  solution,  usually 
twenty  to  twenty-five  Uters  in  volume,  was  precipitated  with  two  vol- 
umes 85%  alcohol  in  large  precipitation  jars  and  allowed  to  settle  over- 
night. As  much  of  the  supernatant  Uquid  as  possible  was  then  siphoned 
off  and  the  remainder  filtered  with  suction.  About  60  g.  of  a  white  hygro- 
scopic substance  were  obtained  in  this  way  from  each  ten  kilograms  of 
starch. 

Sixty  kilograms  of  starch  were  treated  by  this  method,  3rielding  about 
300  g.  of  the  barium  precipitate.  The  product  was  suspended  in  water 
and  decomposed  by  a  slight  excess  of  sulfuric  acid,  the  solution  filtered 
and  the  residue  extracted  three  times  with  water  and  filtered  with  suc- 
tion. The  original  filtrate  and  washings  were  combined  and  the  excess 
add  removed  by  long  stirring  with  lead  carbonate;  the  lead  carbonate 
and  sulfate  filtered  off,  and  the  solution  made  sUghtly  alkaline  with  am- 
monia and  saturated  with  hydrogen  sulfide  to  remove  the  lead.  The 
filtrate  from  the  lead  sulfide  was  evaporated  tmder  25  mm.  pressure  to  a 
thin  syrup  and  predpitated  by  the  addition  of  dght  liters  of  gladal  acetic 
add.  By  pouring  the  add  carefully  down  the  side  of  the  predpitation 
jar  and  then  stirring  slowly,  a  granular  predpitate  was  obtained  that 
could  be  easily  filtered.  The  predpitate  was  washed  with  absolute 
alcohol  and  dried  in  a  vacuum  desiccator,  first  over  sulfuric  add  and  then 
over  potassium  hydroxide.  Yidd,  no  g.,  marked  "Acetic  add  predpi- 
tate." The  acetic  acid  filtrate  after  evaporation  under  diminished  pres- 
sure and  subsequent  predpitation  with  alcohol  jridded  75  g.  of  a  sUghtly 

'  Six  htmdred  grams  of  this  substance  were  obtained  in  this  way  from  ten  kilo- 
grams of  starch.  It  contained  0.24%  phosphorus  and  yielded  acetyl  derivatives  con- 
taining 0.06-1.59%  phosphorus.  They  could  not  be  suffidently  purified  to  warrant 
further  investigation.  Add  hydrolysis  led  to  the  isolation  of  a  substance  containing 
3.9%  phosphorus  and  similar  in  properties  to  those  obtained  direct  from  starch.  These 
results  suggest  the  possibility  of  the  formation  of  phosphorus-bearing  polysaccharides 
from  simpler  compotmds  under  these  conditions. 
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yellowish  powder  that  contained  3.4%  phosphorus.  This  substance 
has  not  been  investigated  farther. 

Acetic  Acid  Precipitate. — ^The  crude  substance  when  dry  was  obtained 
as  a  dull  white,  very  hygroscopic  powder.  It  was  soluble  in  water, 
from  which  solution  it  could  be  precipitated  by  the  addition  of  alcohol, 
acetone  or  acetic  add.  Upon  analysis  it  gave  4.9%  phosphorus,  none  of 
which  was  present  as  inorganic  phosphates.  Qualitative  analysis  of  the 
ash  showed  the  presence  of  small  quantities  of  magnesia,  sulfates,  chlo- 
rides and  silica.  It  contained  no  nitrogen  and  did  not  reduce  Pehling's 
solution. 

Acyl  Derivatives. — Owing  to  the  insolubility  of  the  substance  in  organic 
solvents,  purification  was  attempted  by  means  of  acylation,  in  the  hope 
that  in  this  way  products  of  definite  chemical  constitution  could  be 
isolated.  Acetylation,  however,  led  to  the  formation  of  uncrystallizaMe 
syrups.  This  diflSiculty  was  avoided  by  benzoylating  the  compound 
by  means  of  the  Schotten-Baumann  reaction,  but  the  products  were  col- 
loidal and  could  not  be  oystallized,  so  that  ptuification  cotild  only  be  ac- 
complished by  precipitation  from  chloroform  or  acetone  solution  by  means 
of  ligroin,  ether,  water,  etc.  Two  amorphous  substances  were  obtained 
in  this  way  that  were  fairly  constant  in  phosphorus  content. 

Compound  "A" 1.02,  1.04,  0.99,  1.08,  1.03%  phosphorus. 

Compound  ''B" 1.48,  1.42,  i.4o»  1.41%  phosphorus. 

Since  the  products  could  not  be  crystallized  and  gave  varying  values 
for  phosphorus  after  more  extended  treatment  it  is  diflBcult  to  say  whether 
or  not  they  were  chemical  individuals. 

Lead  Salt. — Purification  was  then  attempted  by  means  of  the  lead  salt, 
which  it  was  found  could  be  precipitated  from  alcohol  solutions  by  means 
of  lead  acetate.  The  compotmd  obtained  in  this  way  contained  con- 
stant amounts  of  lead  and  phosphorus  when  prepared  under  different 
conditions  and  appeared  to  be  a  definite  chemical  compotmd.  It  was 
free  from  inorganic  phosphates  and  from  metals  other  than  lead.  The 
results  of  the  analyses  of  five  such  preparations  with  the  methods  used 
for  their  isolation  are  as  follows: 

preparation  No.  1.  2. 

Percent,  lead 30.46    30.30 

Per  cent,  phosphorus 3 .  86      3 .  80 

Method  of  Preparation. 

(i)  One  gram  of  the  substance  was  dissolved  in  loo  cc.  of  water  and 
precipitated  by  the  addition  of  400  cc.  of  alcohol.  The  precipitate  was 
then  extracted  several  times  with  hot  80%  alcohol  and  the  combined 
filtrates  precipitated  by  the  addition  of  lead  acetate.  A  white  flocculent 
precipitate  was  obtained  which  was  filtered  off,  dissolved  in  dilute  acetic 
add  and  precipitated  with  alcohol. 


3. 

4. 

5. 

30.53 

30.33 

30.38 

3.78 

3-99 

3.90 
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(2)  Five  grams  of  the  substance  were  dissolved  in  roo  cc.  of  water 
and  a  10%  solution  of  lead  nitrate  added  until  no  further  precipitate 
was  obtained.  One  hundred  cc.  of  alcohol  were  then  added  and  the 
solution  allowed  to  stand  in  the  ice  box  overnight.  The  solution  was 
filtered  and  the  filtrate  precipitated  by  the  addition  of  a  saturated  solu- 
tion of  lead  acetate  in  80%  alcohol.  The  restilting  precipitate  was  fil- 
tered off  and  repredpitated  from  water  solution  by  means  of  alcohol. 

(3),  (4)  Twenty  grams  of  the  substance  were  dissolved  in  200  cc.  of 
water,  neutralized  with  lead  carbonate  and  9  g.  of  lead  nitrate  added. 
The  solution  was  allowed  to  stand  in  the  ice  box  or  overnight,  filtered 
and  the  filtrate  precipitated  by  the  addition  of  400  cc.  of  alcohol. 

(5)  Five  grams  of  the  substance  were  dissolved  in  50  oc.  of  water  and 
10%  silver  nitrate  solution  added  until  no  further  precipitate  was  ob- 
tained. The  silver  chloride  was  filtered  off  and  the  excess  silver  re- 
moved by  hydrogen  sulfide.  The  hydrogen  sulfide  was  removed  by  boil- 
ing and  the  solution  neutralized  with  lead  carbonate  and  treated  as  de- 
scribed imder  (3). 

All  preparations  were  dried  for  analysis  at  60^  >n  vacuo  over  sulfuric 
add.  Attempts  to  determine  the  percentage  of  carbon  and  hydrogen 
were  tmsatisfactory,  owing  to  the  difficulty  experienced  in  burning  the 
substance. 

Free  Acid. — ^The  free  add  was  prepared  from  the  lead  salt  by  removing 
the  lead  with  hydrogen  sulfide  and  predpitating  the  resultant  solution 
with  alcohol,  after  evaporation  of  the  solution  under  diminished  pressure. 
The  substance  contained  a  constant  amount  of  phosphorus  as  .shown  by 
the  following  analyses: 

Preparation  No.^  1.  2.  3.  4.  5.  6. 

Per  cent,  phosphorus. 5 .30    5 .30    5  56    5  •  24    5  •  27    5 .33 

Carbon^ 35-45  and  35 .  20% 

Hydrogen 5 .84  and    5-93% 

The  substance  as  obtained  by  the  above  method  was  a  perfectly  white 
amorphous  powder.  It  was  extremdy  hygroscopic,  contained  no  ash 
other  than  phosphoric  acid  and  was  free  from  nitrogen.  It  reduced 
Pehling's  solution  and  on  hydrolysis  with  add  yidded  a  redudng  sugar 
equivalent  to  65%  glucose,  and  gave  a  heavy  predpitate  of  glucosazone. 

The  substance  was  optically  active,     [a]"  108**  30'. 

Hydrolysis  and  Identification  of  the  Sugar. — One  gram  of  the  material 
was  dissolved  in  100  cc.  of  10%  hydrochloric  add  and  heated  on  the  water 
bath  for  fotu:  hours.  A  large  excess  of  sodium  acetate  and  2  g.  of  phenyl 
hydrazone  were  then  added  and  the  solution  heated  for  two  hours  longer. 
A  heavy  predpitate  formed  which  was  recrystallized  from  methyl  alco- 
hol and  water  containing  a  small  amount  of  p3rridine,  and  identified  as 
^  It  was  necessary  to  remove  the  ash  and  grind  it  with  iwtassJiini  dichromate  and 
repeat  the  combustion  in  order  to  bum  the  substance  completely. 
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glucosazone  by  means  of  the  melting  point  and  optical  rotation.    M.  p. 
204**  (uncorr.). 

Two-teaths  of  a  gram  dissolved  in  4  g.  of  pyridine  and  6  g.  of  absolute 
alcohol  gave  a  negative  rotation^  in  a  25  mm.  tube  of  27 \ 

Quantitative  Estimation  of  the  Sugar. — 0.3384  g.  of  the  substance 
was  dissolved  in  100  cc.  of  10%  hydrochloric  add  and  heated  on  the 
water  bath  for  eight  hours.  The  scdution  was  then  made  up  to  100  cc. 
and  the  sugar  determined  in  two  aliquots  of  25  cc.  each  by  Defren's  method.* 

Gram  copper  oxide 0.1417  0.1416 

Glucose  equivalent 0.0630  0.0629 

Per  cent,  glucose 64.86  64.81 

Probable  Constitution  of  the  Compound. 
The  simplest  formula  that  will  conform  to  the  above  analyses  is  CnHu- 
OieCHiPOi)  corresponding  to  the  calculated  percentages;  carbon,  35.66; 
hydrogen,  5.77;  phosphorus,  5.42.  According  to  the  formula  the  lead 
salt  contains  a  higher  percentage  of  lead  than  should  be  present  (26 .  73%), 
were  the  metal  combined  only  with  the  phosphoric  acid.  The  percentage 
of  phosphorus  in  the  lead  salt  calculated  on  a  lead  free  basis  agrees,  how- 
ever, with  that  foimd  in  the  free  add.  This  shows  that  the  excess  of 
lead  is  not  present  as  an  impurity  in  the  form  of  some  other  lead  salt, 
since  in  that  case  the  phosphorus  value  would  have  to  be  less.  The  ex- 
cess of  lead  might  be  due  to  the  fact  that  the  salt  was  formed  in  a  strong 
alcoholic  solution,  a  condition  which  we  know  favors  the  formation  of 
lead  salts  of  the  carbohydrates,  and  that  therefore  some  of  the  lead  might 
be  combined  in  this  way. 

The  amount  of  reducing  sugar  preseiit  corresponds  to  the  ratio  of  one 
molecule  of  maltose  to  one  of  phosphoric  add  (fotmd,  61 .  70;  calc,  59 .  79). 
The  remainder  of  the  molecule,  26.04%,. aside  from  the  phosphoric  add 
corresponds  to  the  empirical  formula  CsHaOs.  No  evidence  for  the  pres- 
ence of  pentose  could  be  obtained.  It  was  mentioned  above  that  diffi- 
culty was  encountered  in  completdy  burning  the  sample  during  combus- 
tion owing  to  the  presence  of  the  phosphoric  add.  It  therefore  seems 
possible  that  the  remainder  of  the  molectile  is  also  a  hexose.  In  view  of 
the  fact  that  it  does  not  reduce  Fehling's  solution,  it  might  be  inosite,  or, 
if  another  molecule  of  hexose,  be  still  combined  with  the  phosphoric  add 
in  such  a  way  as  to  destroy  its  reducing  power.  Eight  grams  of  the  crude 
material  were  examined  for  inosite,  but  none  could  be  found,  although 
60%  of  the  inosite  were  recovered  from  phytin  treated  in  a  similar  way. 
It  is  impossible,  therefore,  to  make  any  definite  statement  as  to  the  nature 
of  the  remainder  of  the  molecule. 

Nbw  York,  N.  Y. 

1  Neuberg,  Ber.,  3a,  3384  (1899), 
*  Sherman,  "Organic  Analysis/'  igia. 
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[Contribution  prom  tbb  Chemistry  Dspartbcbnt  op  thb  University  op  Nbvada.] 
ALFALFA  SEED  OIL.    ALFALFA  INVESTIGATION.    VI. 

By  C.  a.  Jacobson  and  August  Holmss. 
Received  November  1.  1915. 

In  the  course  of  the  investigations  carried  on  in  this  laboratory  cm 
alfalfa,  the  subject  of  the  composition  of  the  oil  in  the  seeds  arose,  and 
that  led  to  the  following  work: 

The  alfalfa  seeds  were  procured  in  the  local  market  and  were  of  a  good 
quality.  They  were  ground  in  a  small  hand  mill  so  that  all  were  crushed 
or  cracked  open,  after  which  the  oil  contained  in  them  was  extracted. 
The  ground  seeds  previous  to  extraction  jridded  the  following  analysis: 

Ash 3 .43% 

Ether  extract ii  -39% 

Crude  fiber 10.52% 

Moisture 6.35% 

Carbohydrates,  etc 32 .43% 

Crude  protein 35 .88% 

100.00% 

According  to  the  above  analysis  about  forty  pounds  of  the  seeds  would 
be  required  to  yield  a  sufficient  quantity  of  the  oil  for  the  following  in- 
vestigation, and  therefore  we  determined  upon  a  less  expensive  solvent 
than  ether  for  the  extraction.  Gasoline,  boiling  between  65®  and  95®, 
at  645  mm.,  pressure  was  chosen  for  this  purpose.  This  solvent  was 
found  nearly  as  efficient  as  ether  for  the  extraction.  More  precisely, 
1.92%  less  of  the  oil  was  extracted  by  the  gasoline  than  by  the  ether. 

The  extraction  was  carried  out  in  the  following  manner:  The  ground 
seeds  were  well  stirred  up  with  the  solvent  so  that  all  the  particles  were 
wet,  and  this  mash  put  into  long  glass  tubes.  The  solvent  was  then  added 
at  the  top  and  allowed  to  percolate  through*.  In  this  way  the  extraction 
proceeded  easily  and  quickly,  the  extraction  being  considered  finished 
when  the  solvent  came  through  colorless.  The  gasoline  was  then  distilled 
off,  when  the  oil  passed  from  the  golden  yellow  color  to  a  chestnut  brown. 
The  oil  thus  obtained  was  used  for  the  investigation. 

The  ether  extract  was  yellowish  green  in  color  and  it  is  the  authors' 
opinion  that  the  gasoline  extract  was  a  purer  oil  than  the  ether  extract, 
which  must  have  contained  the  coloring  matter  in  the  seeds  as  well  as  the 
oil. 

Properties  of  the  Oil. — ^The  refractive  index  of  alfalfa  seed  oil  is  given 
in^the  following  table: 

Temperature.  n.  Temperature.  n. 

17**  1.4783  39.9°  1.4695 

20**  1.4770  48.9**  1.4664 

25.3**  I  4750  59-2®  1.4622 

30"  1.4735  69°  1.4587 
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The  ofl  is  a  drying  oil  whose  specific  gravity  was  found  to  be:  0.9117^4 
and  0.914924.  Its  saponification  value,  172.3;  iodine  value,  154-2;  add 
value,  2.85;  acetyl  value,  19.8;  Reichert-Meissl  value,  0.40;  unsaponifiable 
matter,  4.40%;  glycerol  (by  acetin),  1.97%;  saponification  value  of  the 
acetylated  oil,  192.2. 

Volatile  Acids. — ^To  determine  whether  or  not  there  were  any  volatile 
adds  in  the  oil,  about  3  g.  of  the  oil  were  saponified  with  alcoholic  potash, 
the  alcohol  evaporated  off,  an  excess  of  sulfuric  add  added  and  the  mixture 
distilled  until  the  distillate  reacted  neutral  to  Utmus.  The  distillate  was 
filtered,  thus  separating  the  soluble  volatile  from  the  insoluble  volatile 
adds.  The  two  portions  were  then  titrated  with  dednormal  sodium 
hydroxide  solution,  with  the  following  results: 

SoL  ▼olatUe  acidb.  latol.  Tolatile  adds, 

G.  oil.  cc.  N/IO  NaOH.  cc.  N/\0  NaOH. 

2.944  I  42  0.95 

2.910  1.22  Z.56 

Prom  these  results  it  is  conduded  that  there  are  practically  no  volatile 
fatty  adds  present  in  the  oil  and  that  there  are  no  lactones  present  in  the 
free  adds. 

Insoluble  Fatty  Adds. — ^The  insoluble  fatty  adds  were  prepared  by 
saponifying  with  alkali,  liberating  the  fatty  acids  and  treating  with  hot 
water  in  the  usual  manner.  The  result  showed  that  92.5%  of  the  oil 
was  in  the  form  of  insoluble  fatty  acids,  that  is  from  lauric  add  upwards. 
The  adds  thus  obtained  had  the  following  characteristics:  neutralization 
value,  191.5;  mean  molecular  wdght,  293;  saponification  value,  189.9; 
iodine  value,  169.5.  Th^  bromide  test  of  Hehner  and  Mitchell^  yidded 
17%  of  solid  bromides. 

Unsaturated  Fatty  Acids. — ^The  free  fatty  adds  were  then  separated 
into  the  liquid  and  solid  adds  by  the  method  of  Gusserow-Varrentrapp,* 
that  is  by  the  lead-salt  method.  The  quantitative  experiments  carried 
out  on  this  separation  jdelded  90.4%  of  liquid  adds  and  9.6%  of 
solid  adds  in  the  mixture  of  adds  from  the  oil.  The  unsaturated  adds, 
thus  obtained,  had  an  iodine  value  of  175.7,  while  the  satiu-ated  adds  had 
an  iodine  value  of  8.4. 

The  unsaturated  adds  at  hand  were  insuffident  for  an  extended  in- 
vestigation, so  a  larger  quantity  was  prepared  by  the  method  of  Tortdli 
and  Ruggeri  (L'Orsi  1900,  April)  which  is  daimed  to  yield  unsaturated 
adds  of  a  greater  purity  than  that  of  the  Gusserow-Varrentrapp  method. 
The  acids  thus  prepared  gave  an  iodine  value  of  187.7,  neutralization 
value  194.4  and  a  mean  molecular  weight  of  288.6. 

To  determine  the  constituents  of  the  unsati«-ated  adds,  the  method 
of   the   formation   of   the   bromides   appears  to  be  the  simplest,  since 
^Analyst,  1898,  p.  313. 
*Ann.,  27,  153  (1828);  7Wd.,  35,  i97  (1840). 
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Lewkowitsch  in  both  the  fourth  and  fifth  editions  of  his  work  on 
Oils,  Fats  and  Waxes,  suggests  that  this  may  be  done.  The  bromination 
was  carried  out  in  the  following  manner:  About  3  g.  of  the  unsaturated 
acids  were  dissolved  in  40  cc.  ether,  to  which  a  little  acetic  acid  had 
been  added,  cooled  to  5^  and  then  bromine  added,  drop  by  drop, 
tmtil  the  solution  remained  a  reddish  brown.  The  mixture  was 
then  allowed  to  stand  overnight  and  filtered  the  next  morning,  washed 
with  chiUed  ether,  dried  in  a  water  oven  and  weighed.  Lewkowitsch^ 
recommends  to  cool  to  — lo^  and  this  the  authors  did,  but  contrary  to  his 
statement,  a  whiter  precipitate  was  obtained  by  the  former  method  but 
of  a  slightly  lower  melting  point  (177.2-178.0®).  The  filtrate  was 
evaporated  to  free  it  from  ether  and  digested  with  low  boiling  petrolic 
ether  (35-65**  at  645  mm.),  upon  which  the  residue  passed  completely 
into  solution  but  refused  to  crystallize  out,  even  on  standing  overnight 
at  approximately  zero  degrees.  The  solvent  was  then  evaporated  oflF,  the 
residue  dried  in  the  water  oven  and  weighed,  yielding  the  following  re- 
stdts: 

G.  unsatu-  G.  inBol.  %  insoL  Melting  point  of 

rated  adds.        Br  derivatiTca.       Br  derivatives.  Br  deriv. 

Lot  1 2.186  0.628  28.7  181. 5* 

Lot2 2. Ill      ^  0.608  28.8  i8o.8-i8i.6* 

G.  unsatu-  G.  sol.  Br  %  sol.  Br 

rated  acids.  derivatives.  deriv. 

Lot  1 2.186  2.746  130. 1 

Lot  2 2. Ill  2.980  136.3 

Melting  point  of  linolenic  hexabromide 1 80-1 81 

The  mean  percentage  of  the  insoluble  bromine  derivatives  (28.75) 
calculated  to  Unolenic  add  gives  10.55%,  whereas  the  ether  soluble  per- 
centage (133.2),  calculated  as  oleic  add,  gives  84.85%.  Upon  the  basis 
that  linolenic  add  has  an  iodine  value  of  274.10,  oldc  add  90.07  and 
linoUc  add  181.42,  the  iodine  value  of  the  mixed  tmsatturated  adds  should 
be  105.34,  whereas  that  found  was  187.7.  Evidently  from  this,  and 
espedally  since  the  same  results  were  obtained  in  four  different  experi- 
ments and  two  different  samples  of  tmsaturated  adds,  the  bromine 
derivatives  are  only  good  to  estimate  the  linolenic  add,  the  remaining 
tmsaturated  adds  being  imadapted  to  the  method. 

To  determine  the  other  add  or  adds,  recourse  was  had  to  the  alkaline 
permanganate  oxidation.  This  was  carried  out  according  to  Hazura.* 
The  wdght  of  the  water-soluble  hydroxy  add  was  2.9  on  a  30  g.  sample; 
the  water-insoluble,  21  g.  The  water-soluble  was  crystallized  from 
alcohol  and  water,  yielding  a  pure  white  product  which  mdted  at  173.8®, 
and  had  a  neutralization  value  of  147.7.  This  corresponds  to  isolinusic 
add  which  mdts  at  173-175°  (Hazura),  and  has  a  neutralization  value  of 
1  Sth  Kd.,  Vol.  I,  p.  573. 
*  Manatsh.,  1887,  260,  et  seg. 
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147.6.  A  previous  oxidation  of  the  unsaturated  acids  was  carried  out  by 
passing  sulfur  dioxide  gas  into  the  solution,  in  place  of  adding  sulfurous 
add,  yielding  an  add  melting  at  196-198^  which  signifies  the  normal 
linusic  add.  Thus  both  the  linusic  and  isolinusic  add  can  be  obtained 
from  the  same  unsaturated  add,  since  in  the  latter  case,  no  linusic  was 
formed,  but  in  the  former,  linusic  add  was  the  chief  product. 

The  water-insoluble  hydroxy  adds  were  extracted  with  ether,  thus 
giving  the  ether  soluble  and  ether  insoluble  adds.  5.3  g.  or  about  18% 
of  the  oil  was  unoxidized  and  remained  in  the  ether  solution  after  the 
hydroxy  adds  crystallized  out  upon  the  evaporation  of  the  solvent. 
These  latter  hydroxy  adds  (0.41  g.),  after  being  crystallized  from  alcohol 
mdted  at  131.2-1314**  and  had  a  neutralization  value  of  177.7.  This 
corresponds  to  dihydroxy-stearic  add,  whose  melting  point  and  neutrahza- 
tion  value  LeSuetu"^  finds  to  be  131.5-132.0°  and  177.6,  respectivdy. 

The  ether  insoluble  portion  (9.04  g.)  was  first  fractionated  by  ex- 
hausting with  30%  alcohol  as  recommended  by  Meyer  and  Eckert*  with 
the  following  results: 

FrmctsoB.  Mehing  point. 

I /  156-7** 

2. .* 167  .6-168  .O' 

3 X73.6-I73.8* 

Fraction  3,  indicates  sativic  add  since  Haztura  gives  173°  and  Hehner 
and  Mitchell  174**  as  its  mdting  point.  Neverthdess,  Fraction  3  was 
again  exhausted  with  water,  yidding  four  fractions  with  the  following 
mdting  points:  1st,  173.4-174.2**;  2nd,  177.2®;  3rd,  177.8®;  and  4th, 
177.6^.  The  third  and  fourth  fractions  were  combined  and  yidded  a 
neutralization  value  of  161.0  (theoretical  for  sativic  add  161.2).  This 
is  the  highest  mdting  point  yet  recorded  for  sativic  add,  although  Hartley' 
obtained  175®  and  Thoms*  177®  as  the  mdting  point  of  sativic  add  ob- 
tained from  telfairic  acid.  This  increase  in  the  melting  point  raised  the 
suspidon  that  the  other  fractions  (i.  e.,  1  and  2)  must  contain  another 
add,  and  so  they  were  exhausted  with  boiling  water,  with  the  following 
results:  Fraction  2  yielded  five  subfractions  of  different  mdting  points, 
namdy:  1st,  160.6®  and  neutralization  value  159.6;  2nd,  166.4®;  3rd, 
171.4°;  4th,  174.6®;  5th,  176.0®.  As  can  be  seen,  the  neutralization  value 
speaks  of  no  second  add  present,  so  the  add  must  be  isomeric  with  that 
found  in  Fraction  i.  This  is  shown  to  be  true  by  exhausting  Fraction  i 
with  boiling  water,  yidding  the  following  results: 

'  /.  Soc.  Ckem.  Ind,,  1900,  845. 
'  Monatsh,,  31,  1243  (1910). 
»  /.  Physiol.,  38,  367  (1909). 
*  Z.  angew.  Chem.,  1904,  1483. 
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Fraction i  2  3  4  5  6 

M.  p 158.2         158.0        158.3         158-3        159-2         159.4 

Fraction 7  8  9  10  11 

M.  p 158.6         158.4         159.2         158.7         159. 1 

Fractions  i,  2,  3  and  4  were  combined  and  gave  a  neutralization  value  of 
159.3,  Fractions5and6combinedgavei6o.7and.Fractions7,  8, 9,  loandii 
combined  gave  a  neutralization  value  of  159.3.  In  addition,  a  determina- 
tion of  carbon  and  hydrogen  on  the  first  four  fractions  mixed,  gave  62.08% 
C  and  10.06%  H.  Theoretical  for  tetrahydroxystearic  add:  62.02%  C 
and  10.42%  H. 

Thus,  in  the  first  fraction  from  the  oxidation  products  of  alfalfa  seed 
oil,  there  seem  to  be  two,  and  possibly  three  diflFerent  tetrahydroxy  acids 
present  with  almost  the  same  melting  points  (158.2**,  159.4**  ^^^  158.8**), 
but  with  considerably  different  solubilities  in  water,  the  first  fractions 
yielding  granular  and  amorphous  powders  while  the  last  are  silky  crystals. 

The  oxidation  products  have  therefore  revealed  the  presence,  in  alfalfa 
seed  oil,  of  oleic,  linoleic  and  linolenic  acids  in  the  proportion  of  3.3, 
73.2  and  23.5%,  respectively,  but  calculating  from  the  bromine  deriva- 
tives and  the  iodine  value,  they  are  present  to  the  extent  of  3.94,  85.51 
and  10.55%,  respectively.  The  former  values  are  considered  the  more 
trustworthy. 

Saturated  Fatty  Acids. — ^The  solid  saturated  fatty  adds  were  obtained 
by  the  lead  salt  separation  of  the  mixed  fatty  adds,  and  were  purified  to  a 
perfectly  white  mixture  by  crystallization  of  the  adds  from  alcohol  and 
the  judidous  addition  of  water.  After  trying  several  proposed  methods 
for  the  separation  of  the  satiurated  acids,  the  fractional  oystallizatioa 
from  alcohol  was  the  method  adopted  as  bdng  the  most  accurate  and 
expeditious. 

The  saturated  adds  gave  a  neutralization  value  of  207.7  ^^^  ^  mean 
molecular  weight  of  270.2.  The  melting  point  was  51.2**  and  solidifying 
point  48.8**.  About  9.6  g.  of  the  saturated  adds  were  taken  and  aystal- 
lized  from  100  cc.  absolute  alcohol.  The  first  fraction  of  the  crystallized 
acids  had  a  melting  point  of  65.8-66.2**,  and  a  neutralization  value  of 
15 1. o.  This  fraction  was  recrystallized  three  times,  the  last  two  sub- 
fractions  melting  at  8 1.2-8 1.5**  and  83.8**,  respectivdy.  The  adds 
from  Fraction  i  were  then  liberated  from  their  potassium  soaps  by  hy- 
drochloric acid,  washed  and  crystallized  from  90%  alcohol.  The  first 
subfraction  of  this  crystallization  melted  at  74.2**  and  the  second  sub- 
fraction  at  73.8-74.0**. 

Judging   from   the   previously   obtained   neutralization   value,    either 
camaubic  or  lignoceric  acids  were  present.    The  mdting  point  of  car- 
naubic  add  is  74°  according  to  Meyer  and  Eckert,^  but  72.5**  according 
^  Monatsh.,  31,  1233  (1910). 
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to  Stiircke.^  Dunham  and  Jacobson^  found  caraaubic  acid  to  melt  at 
72.0-72.5^.  Since  lignoceric  acid  melts  at  80.5 ^^  caraaubic  add 
(Ct4H4^2)  must  be  the  one  present  in  alfalfa  seed  oil. 

From  the  two  sets  of  melting  points  of  caraaubic  acid,  obtained  by 
different  investigators,  it  would  appear  that  this  add  exists  in  two  meta- 
meric  forms.  The  high  melting  points  obtained  upon  Subfraction  i  and 
2,  from  this  fracti<»i,  would  indicate  the  presence  of  behenic  add 
(CnHuOi),  but  not  enough  material  was  at  hand  to  establish  this  point. 

The  crystallization  was  carried  further  by  cooling  the  solution  and  the 
final  fractions  obtained  by  the  addition  of  small  quantities  of  water  until 
ten  fractions  in  all  were  separated.  Fractions  9  and  10  mdted  at  59.6*^ 
and  59.2^,  respectivdy.  Fraction  9  had  a  neutralization  value  of  207.5 
The  last  five  fractions  were  combined  and  again  fractionally  cr3rstallized 
from  70%  alcohol,  yidding  four  subfractions  mdting,  in  order,  at  56.6^, 
58.0°,  59.6®  and  56.6**,  the  last  being  obtained  by  the  addition  of  a  large 
quantity  of  water.  The  first  fraction  mdting  at  56.5®  was  again  frac- 
tionally crystallized,  3rielding  three  subfractions  mdting  from  57.2^  to 
59.8^.  The  fraction  mdting  at  57.2  was  again  reoystaUized  from  alcohol 
by  adding  water  without  change  in  mdting  p^unt^  It  had  a  neutraliza- 
ticm  value  of  207.5. 

From  this  it  is  conduded  that  an  add  having  a  mdting  point  of  59.6- 
59.8^  and  a  neutralization  value  of  207.5  ^s  present  in  the  adds  from 
alfalfa  seed  oil.  This  corresponds  to  daturic  add  (CnHuOt),  obtained  by 
Meyer  and  Beer'  from  datura  oil  with  a  mdting  point  of  59.5^  and  a 
neutralization  value  of  207.6,  and  is  the  same  as  Krajfft's  S3mthetic 
margaric  add.  In  this  connection  it  is  interesting  to  note  that  Meyer 
and  Eckert^  obtained  an  add  of  the  same  formula  as  daturic,  from  coffee- 
berry  oil,  having  a  melting  point  of  57^,  which,  when  taken  in  connection 
with  the  above  results,  points  to  the  existence  of  two  metamoic  forms  of 
daturic  add. 

Conclusion. 

Alfalfa  seed  oil  is  a  drying  oil  whose  physical  properties  resemble  saf- 
flower  oil.  It  contains  practically  no  volatile  adds  but  92.5%  of  the  oil 
is  composed  of  insoluble  fatty  adds.  The  fatty  adds  in  the  oil  contain 
90.4%  liquid  adds  and  9.6%  solid  acids.  The  liquid  adds  are  com- 
posed of  oleic,  linoldc  and  linolenic  adds,  and  the  solid  adds  of  caraaubic, 
daturic  and  possibly  behenic  adds. 

The  above  investigation  was  carried  out  at  The  Nevada  Agricultural 
Experiment  Station  with  funds  obtained  under  the  Adams  Act. 

RXNO,  Nevada. 

*  Ann.,  323,  306  (1884). 

*  Z.  physid,  Chem.,  64,  307  (1910). 

'  Kaistrl,  Akad,  d.  Wissenschaften.  Wien,  Jan.,  1912, 

*  Lac.  cit. 


Digitized  by  VjOOQIC 


4S6  NOTl$. 

NOTE. 

On  the  Stability  of  Silver  Fulminate  under  Water. — ^While  looking  over 
some  old  material  recently,  the  writer  found  a  small  specimen  of  silver 
fulminate  which  had  been  prepared  many  years  ago  by  the  late  Dr.  Robert 
Peter,  then  Morrison  Professor  of  Chemistry  and  Physics  in  Kentucky 
University,  and  used  by  him  for  illustration  in  connection  with  his  lec- 
tures. These  lectures  were  delivered  in  the  chemical  lecture  room  of 
Morrison  College,  where  the  writer  distinctly  remembers  seeing  this 
specimen  when,  as  a  student,  he  attended  them  in  the  seventies.  In- 
asmuch as  Dr.  Robert  Peter  ceased  lecturing  in  this  room  in  1878,  having 
removed  to  another  building,  it  follows  that  the  specimen  must  be  at 
least  thirty-seven  years  old  and  it  is  probably  several  years  older. 

The  material  is  distinctly  crystalline,  but  is  of  a  mouse-gray  color, 
as  the  residt  of  long  exposure  to  the  light.  It  is  contained,  tmder  water, 
in  a  small  glass  stoppered  bottle,  the  stopper  being  well  greased.  The 
water  is  colored  somewhat  brownish,  probably  from  the  grease  on  the 
stopper,  but  is  neutral  to  litmus  paper.  The  fulminate,  after  drying, 
was  found  to  detonate  strongly  when  struck  or  when  heated,  and  also 
when  touched  with  concentrated  sulfuric  acid.  Addition  of  dilute  HCl 
caused  a  rapid  decomposition  with  production  of  a  voluminous  precipi- 
tate of  AgCl  and  a  smell  like  that  of  HCN  (Nef's  formyl  chlorid  oxime). 

A  determination  of  silver  W£is  made  by  drying  a  portion  in  a  porcelain 
dish,  in  a  desiccator,  at  room  temperature,  decomposing  it  by  evapora- 
ting with  dilute  hydrochloric  to  which  a  little  nitric  acid  had  been  added, 
and  heating  the  resulting  silver  chlorid  to  incipient  fusion  before  weigh- 
ing.   By  this  process  o.  1171  g.  of  the  material  gave  o.  1118  g.  AgCl. 

Calc.  for  CNOAg:  7197%.     Found:  71.86%. 

For  comparison,  two  recently  prepared  specimens  of  silver  fulminate 
wfere  treated  in  the  same  way,  giving  the  following  results,  respectively: 
0.0918  g.  silver  fulminate  gave  0.0880  g.  AgCl,  and  0.3055  g.  silver 
fulminate  gave  0.2922  g.  AgCl. 

Calc.  for  CNOAg:  71.97%.     Found:  72.03  and  71.98%, 

showing  that  this  method  gives  good  results  and  that  the  old  specimen 
had  the  same  composition  as  the  fresh  specimens. 

It  is  interesting  to  note  that  silver  fulminate  does  not  undergo  decom- 
position imder  water  and  under  ordinary  laboratory  conditions  during 
the  lapse  of  so  long  a  time.  AlfrBd  M.  Pstbr. 

KSNTDCKY    AORICULTURAL   EXPBRIMBNT   STATION, 

November  11.  1915. 
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NEW  BOOKS. 
A  Practical  Blemeatafy  Chemistry.    By  B.  W.  McPaioand,  High  School,  New 
Haven,  Conn.    462  pp.,  148  cuts.    Scribners. 

This  book  is  different.  Most  first  year  textbooks  are  written  and  after- 
ward a  laboratory  manual  is  arranged  which  follows  more  or  less  closely 
the  text»  the  manual  either  separate  or  bound  in  with  the  text.  This  book 
puts  the  manual  first,  filling  100  pages  and  giving  47  experiments,  though 
many  of  these  are  too  long  for  one  laboratory  period.  This  is  followed  by 
Part  II,  Fundamental  Ideas,  pages  104  to  165;  Part  III,  Advanced 
Theory,  pages  168-238;  and  Part  IV,  Descriptive,  pages  251  to  454.  The 
Index  fills  8  pages. 

Such  an  arrangement  should  free  the  teacher  from  slavery  to  a  text 
and  is  pedagogically  right  in  basing  the  study  on  laboratory  work,  not 
on  a  textbook.  It  is  an  extension  of  the  plan  followed  by  two  well- 
known  and  formerly  widely  used  books,  Remsen,  and  Shepard.  In  these 
the  directions  for  laboratory  work  are  printed  in  different  t3rpe  in  the  body 
of  the  text.  Whether  the  entire  separation  of  the  two  parts  as  given  here 
is  practically  advantageous  remains  to  be  seen.  The  author  is  quite  com- 
placent over  the  results  obtained  while  using  it.  They  may  be  due  to 
the  teacher  rather  than  to  the  plan. 

Each  chapter  of  the  first  three  parts  is  followed  by  exercises,  questions 
and  problems  designed  to  provoke  thought,  though  in  some  cases  the 
student  is  told  what  he  should  have  discovered.  £.  g.,  page  59 :  '  'Note  that 
the  odor  has  been  removed."  **Note  that  the  color  has  been. removed." 
"Note  that  the  bitter  taste  has  been  removed."  The  references  are  all 
to  paragraphs  but  none  of  these  are  given  at  top  of  page  and  much  time 
must  be  spent  looking  through  the  work  to  find  the  required  paragraph. 

Aside  from  the  features  enumerated  the  book  has  no  distinctive  differ- 
ences. The  subject  of  equations  receives  much  attention  and  Chapter 
XIX  is  made  up  entirely  of  review  exercises.  Carbon  and  its  compotmds 
get  ten  pages  of  descriptive  text  and  the  metals  76,  of  which  17  are  given 
to  the  alkalies.  Five  pages  go  to  Osmosis  and  related  topics,  10  to  Electro- 
chemistry and  3  to  Thermochemistry.  Gram  molecular  volume  is  given 
but  the  Kinetic  molecular  hypothesis  is  not  mentioned. 

The  terminology  leaves  much  to  be  desired.  Sugar  dissolves  in  water 
and  copper  dissolves  in  nitric  acid,  as  though  the  two  were  the  same; 
there  is  "suction"  and  precipitates  are  "sucked  dry,"  as  though  his  students 
would  not  understand  unbalanced  atmospheric  pressure;  there  are  hydro- 
gens and  oxygens  and  bariums  and  aluminums  and  2  ElBr's  (two  kay  bee 
ar's  or  two  potassium  bromides?);  logically  there  should  be  sodiums, 
or  would  they  be  sodas?  and  coppers  might  be  shortened  to  "Cops." 
Such  usage  might,  perhaps,  be  permissible  elsewhere.  It  has  no  place  in 
a  text  for  beginners.     "N,0  +  HjO  =  2HNO"  and  the  statement  "NO 
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is  the  hyponitrite  radical  and  has  a  valence  of  one  because  it  can  form 
a  compound  with  one  hydrogen"  are  surprising  to  say  the  least  and  the 
word  * 'symbol' *  is  given  four  distinct  meanings.  "Chemistry  teaches  us 
tjie  value  of  40  or  more  elements  or  compounds"  and  "Valence  is  taught 
only  to  relieve  the  student  of  the  necessity  of  remembering  the  com- 
bining proportions  of  the  elements  in  thousands  of  compounds/'  need 
reconciling. 

The  type,  illustrations  and  presswork  are  good.  A  few  misprints  such 
as  the  last  formula  on  p.  135,  "p)rrophoric"  on  p.  148  and  carbon  dioxid, 
p.  332,  escaped  the  proofreader. 

In  spite  of  all  these  the  book  will  well  repay  a  reading  and  will  appeal 
to  those  desiring  a  change  in  plan.  C.  M.  WmiCK. 

The  Analysis  of  Non-Ferrous  Alloys.  By  Frbd  Ibbotson,  B.Sc.,  B.Mst.,  A.R.ScI. 
AND  Lbslib  Aitchison,  M.Mbt.  With  diagrams.  London,  New  York:  1915. 
Longmans,  Green  &  Co.    pp.  vii  +  230. 

The  aim  of  this  volume  is  to  assemble  the  methods  which,  in  the  opinion 
of  the  authors,  combine  accuracy  and  speed  in  the  highest  degree,  and 
apply  to  conditions  which  are  actually  to  be  met  with  in  analytical  prac- 
tice. The  various  metals  treated  in  the  volume  are  first  considered  from 
the  viewpoint  of  pure  solutions,  and  subsequently  as  constituents  of  al- 
loys. 

The  subject  matter  is  divided  into  fifteen  chapters,  the  first  of  which 
treats  of  apparatus  used  for  electrolytic  analysis,  the  second  with  the  under- 
l)dng  principles  of  electrolytic  analyses,  the  third  with  precipitations  by 
means  of  hydrogen  sulphide,  the  last  with  the  analysis  of  commercial 
alloys,  and  the  others  with  the  determination  of  the  various  elements 
found  in  non-ferrous  alloys.  There  is  an  appendix  containing  directions 
for  the  preparation  of  certain  reagents,  and  the  preparation  of  platinum 
electrodes.  Five-place  logarithms  are  also  included.  The  index  is  sub- 
divided into  author  and  subject  indexes. 

The  book  is  noteworthy  as  an  assemblage  of  data  which  are  widely  dis- 
tributed in  jotunal  literature,  and  as  a  contribution  to  a  field  which  is 
not  eflScientiy  covered,  but  is  of  growing  importance.  The  book  is  not 
without  some  rather  serious  imperfections  in  composition  and  directness 
of  statements  but,  in  spite  of  these  imperfections,  the  authors  have  made 
a  distinct  contribution  to  analytical  chemistry.  H.  P.  Talbot. 
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TWENTY-THIRD  ANNUAL  REPORT  OF  COMMITTEE  ON 
ATOMIC  WEIGHTS.    DETERMINATIONS  PUB- 
LISHED DURING  1915. 

Bt  Gksooxt  Paul  Baxtsk. 
Received  Januuy  26,  1916. 

The  number  of  new  researches  upon  the  atomic  weights  published 
during  the.  past  year  is  as  large  as  could  be  expected  under  prevailing: 
conditions. 

For  the  first  time  since  19 12  the  International  Committee  on  Atomic: 
Weights*  recommends  changes  in  the  accepted  values  for  a  few  elements^ 
These  changes  are  as  follows: 

1912.  1916. 

Carbon 12.00                      12.005 

Sulfur 32.07                     32.06 

Helium 3.99                       4.€X) 

Tin 119.0  118.7 

Lead 207 .  10  207 .  20      . 

Radium 226.4  226.0 

Uranitim 238.5  238.2 

Ytterbium 172.0  173.5 

Praseodymium 140.6  140.9 

Yttrium f  89.0                       88.7 

I/Utedum 174.0  175.0 

Oxygpn. — Germann*  discusses  critically  determinations  of  the  density 
^  This  JousNAt,  37*  2449  (1915)* 
•  J.  Pkys.  Chem.,  19,  437  (1915)- 
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of  oxygen  and  describes  in  detail  his  own  experiments  in  this  field.  ^  His 
final  conclusion  is  that  the  weight  of  the  normal  liter  is  1.42905  g. 

Carbon. — ^By  analysis  of  the  calciimi  and  ammonium  salts  of  salicylic 
acid  and  the  ammonium  salts  of  m-  and  /?-oxybenzoic  acids  Oechsner  de 
Coninck*  foimd  the  molecular  weight  of  these  acids  to  be  137.99. 
If  H  =  1.008,  carbon  is  11.99.  As  only  foiu*  experiments  were  per- 
formed and  the  quantities  used  were  very  small,  this  result  has  little  signi- 
ficance. 

Copper. — Shrimpton'  compared  the  weights  of  simultaneous  silver 
and  copper  deposits.  The  silver  cells  were  of  the  Guthe-Richards  porous 
pot  type.  Corrections  were  made  for  inclusions  in  the  silver  and  for  cathodic 
solution  of  the  copper.    Vacuum  weights  are  given. 


Weight  Ag. 

2.2I6971 

2. 21636  J 


4.32294! 
4.32294/ 


2. 18669 1 

2.18601  J 


2.14755! 
2.14747/ 


Weight  Cu. 
0.65306  ] 
0.65309  [ 
0.65305  J 

1.27358' 
I. 27341 

I. 2735 I 
1.27346 
0.64406 
0.64406 
0.64416 
0.64407 
0.64415 
0.63264 
0.63262 
0.63255 
0.63266 

0.95570 


At.  wt.  Cu. 


63.567 


63.561 


63.563 


63.559 


3.24431    \      0.95580  I 

(3.24523)/     0.95581   j 

0.95564  J 


63.561 


Weight  Ag. 

2.29785 1 
2.29783/ 


3.54120I 
3.54370/ 


3.91789! 
3.91852/ 


4-83364! 
4.82973/ 


2. 43820 1 
2.43837/ 


Weight  Cu, 

0.67673 

0.67724 

0.67701 

0.67718 

1 .04372 

I   04339 
1.04367 
1.04327 
1 . 15430  ] 
I • 15434  I 
I. 15362 J 
I . 15486  J 

1.42323 
I. 4233 I 
1.42331 
1.42320 

O.71818  1 

0.71844  I 
0.71828  j 
0.71835  J 


At.  wt.  Cu. 


63 -572 


(63.558) 


63.562 


(63.556) 


63.562 


Average,  63.563 


Molybdenum. — Miiller*  has  determined  the  atomic  weight  of  this  ele- 
ment by  oxidizing  weighed  amounts  of  the  metal  in  a  current  of  air  and 
weighing  the  residting  oxide.  The  metal  was  prepared  by  reduction  in 
hydrogen  from  oxide  which  had  been  fractionally  sublimed  as  hydroxy- 
chloride  in  a  current  of  hydrochloric  acid.  Quartz  apparatus  was  util- 
ized.    Weights  are  corrected  to  vacuum. 

1  Comp.  rend.,  157,  926  (1913);  see  also  21st  Annual  Report,  This  Journal,  36, 

457  (1914)- 

*  Compi.  rend,,  160,  67  (1915)' 

»  Proc.  Phys.  Soc.  London,  a6,  292  (1914). 

*  This  Journal,  37i  2046  ( 1915)- 


Digitized  by 


Google 


ANNUAL  RSPORT  OP  COMMITTBB  ON  ATOMIC  WBIGBTS. 


49» 


Pfttction. 


Weight  Mo. 

.  0.52591 
.  0.56327 

.  1.12757 
.  0.53014 
.  I. 10754 
.  I. 62 166 
.  1-45530 
.  0.94968 
.  0.65659 


Weifht  MoOi. 
0.78879 
0.84487 
1.69117 
0.79517 
1.66130 
2.43181 
2 . 18259 
1.42428 
0.9870 


At.  Wt.  Mo. 

96.027 
96.012 
96.031 
96.014 
96.003 
96.080 
96.047 
96.048 
96.054 


Mean, 
Mean,  omitting  tlie  6fh  analysts, 


96.035 
96.029 


Cadmimn. — Oechsner  de  Coninck  and  G^ard^  ignited  weighed  amounts 
of  cadmium  carbonate  and  then  reduced  the  resulting  oxide  to  metal 
in  a  current  of  hydrogen.  It  is  worth  noting  that  an  error  of  o.  i  mg. 
in  the  weight  of  the  metal  would  alter  the  atomic  weight  by  nearly  one- 
tenth  of  a  unit. 


Weight  CdCOs. 

Weight  Cd. 

At.  wt.  Cd. 

0.5500 

0.3585 

112.33 

0.6050 

0.3943 

112.28 

0.6600 

0.4302 

112.32 

O.6171 

0.4023 

112.37 

0.5445 

0.3549 

Average, 

112. 31 

112.33 

Cadmium. — Hidett  and  Quinn*  have  pubUshed  a  paper  in  support  of 
their  earUer  work. 

Tin. — ^Briscoe*  purified  stannic  chloride  by  fractional  distillation,  the 
portions  analyzed  being  collected  in  weighed  bulbs.  After  being  re- 
weighed  the  bulbs  were  broken  under  a  solution  of  oxalic  and  nitric  adds 
and  the  chloride  was  compared  with  weighed  amounts  of  pure  silver. 
Vaccuum  weights  are  given. 

CI  =  35.460. 


Weight  SnCU. 

Weight  Ag. 

At.  wt.  Sn. 

Weight  SnCU. 

Weight  Ag. 

At.  wt.  Sn. 

9.02435 

14-9475 

118.685 

7.55785 

12.5183 

118.688 

9.39855 

15.5666 

118.696 

9.11535 

15.0983 

118.683 

10.32760 

17 . 1058 

118.689 

9.22875 

15.2866 

118.675 

9- 17005 

15.1880 

118.699 

9.21890 

15.2696 

118.686 

6.68995 

11.0808 

118.686 

11   29055 

18.7017 

118.675 

9.33130 

15.4570 

118.666 

9.89635 

16.3912 

118.694 

7  77450 

12.8764 

118.702 

9.43385 

15.6250 

118.696 

9.22730 

15.2840 

118.678 

118.686 

^  Comp^,  rend,,  z6z,  676  (1915). 

*  Tms  Journal,  37,  1997  (1915). 

•  /.  Chtm,  Soc.,  107,  63  (1915). 
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Praseodymium. — ^Baxter  and  Stewart^  purified  praseodymium  material 
by  fractional  crystallization  of  the  double  ammonium  nitrate.  Each 
fraction  was  converted  to  chloride,  which,  after  fusion  in  an  atmosphere 
of  hydrochloric  add  gas,  was  compared  with  silver  and  silver  chloride  in 
the  usual  way.    Weights  are  corrected  to  vacuum. 


CI -35 

.457. 

Fraction. 

Weight  of  PrCli.  Weiglit  of  AgCl, 

At.  wt.  Pr. 

Weight  of  Ag. 

At.  wt.  Pr 

3474 

4.12848 

7.17915 

140.913 

.... 

3474 

6.91605 

12.02533 

140.939 

.... 

3474 

7.66554 

13.32931 

140.923 

10.03129 

140.943 

3474 

5. 01 155 

8.71379 

140.941 

6.55898 

140.914 

3474 

8.78959 

.... 

II.50311 

140.924 

4383 

6.04235 

10.50744 

140.909 

7.90820 

140.910 

'      43«3 

6.14745 

10.69050 

140.902 

8.04563 

140.914 

4381 

6.32550 

10.99855 

140.937 

8.278S6 

140.908 

4381 

5.12982 

.... 

6.71359 

140.920 

4381 

4.59463 

7.98940 

140.925 

6.01331 

140.915 

4381 

4  77556 

.... 

6.24994 

140.921 

4379 

5.96661 

10.37554 

140.913 

7.80908 

140.910 

4379 

6.87536 

11.95508 

140.928 

8.99824 

140.915 

4377 

5.73602 

.... 

7.50707 

140.917 

4377 

4.64585 

8.07758 

140.951 

6.08029 

140.917 

4374 

6.85492 

II. 91774 

140.965 

8.97148 

140.916 

4374 

8.0x711 

13.93953 

140.943 

10.49250 

140.916 

4374 

6.17045 

10.72833 

140.952 

8.07425 

140.959 

4374 

6.90040 

11.99946 

140. 911 

9.03064 

140.926 

4374 

7.08498 

12.32019 

140.916 

9.27274 

140.911 

4374 

5. 81310 

.... 

7.60811 

140. 911 

4371 

6.20845 

10.79552 

140.926 

8.12541 

140.915 

4371 

7.07590 

12.30401 

140.924 

9.26045 

140.922 

4368 

5.77646 

xo.  04403 

140.935 

7.56000 

140.916 

43^8 

5.72002 

9.94651 

Arerage 

140.919 

7.48596 

140.922 

»  140.932 

140.919 

A  very  small  proportion  of  ceritmi  in  Fractions  4368  and  4371  was  quan- 
titatively determined.  When  a  correction  is  applied  for  this  impurity, 
the  average  result  of  all  the  experiments  is  140.924. 

Tantalum. — Sears  and  Balke'  have  investigated  the  ratio,  TaCU  :  sAg. 
The  chloride  was  prepared  from  the  oxide  by  distillation  in  a  current  of 
sulfur  monochloride  and  the  product  was  fractionally  distilled.  In 
Series  I  the  chloride  was  hydrol3rzed  in  a  current  of  moist  air,  and  the 
hydrochloric  acid  was  absorbed  and  compared  with  silver.  In  Series  II 
the  chloride  was  transferred  to  a  stoppered  platinum  weighing  bottle 
without  exposure  to  moistiu-e,  and  after  being  weighed  it  was  dissolved 

1  Proc.  Nat,  Acad.,  i,  77  (1915);  Proc,  Am.  Acad,,  50,  171  (1915);  Tms  Journal. 
37,  516  (1915);  ^'  ^*^i'  Chem.,  92,  171  (1915). 

«  This  Journal,  37»  833  (1915). 
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in  a  large  platinum  flask  in  hydrofluoric  acid  solution  concentrated  enough 
to  prevent  the  precipitation  of  silver  tantalate.  The  chloride  was  next 
compared  with  silver.  In  Series  III  the  same  method  of  analysis  was 
used,  but  the  number  of  distillations  to  which  the  chloride  was  subjected 
varied.    Vacuum  weights  are  given  in  the  following  tables': 

Sbribs  I. 


Weight  of  T«CU.               Weight  of  Ag. 

At.  wt.  Ta. 

11.66795 

17 

51344 

182.06 

7.61398 

•  II 

.42585 

182.14 

4.09519 

6 

.15647 

181.50 

8.09039 

12 

16628 

181.40 

Sbiubs  II. 

ssuss  m. 

^s 

ht  of  TaCb.  Weight  of  Ag.      At.  wt.  Ta. 

Weight  of  TkCb.   Weight  of  Ag. 

At,  wt.  Ta. 

3 

53605 

5.31834               181.34 

4.03892 

6.07417 

181.36 

2 

.99083 

4.49851               181.32 

3.32164 

5.00133 

180.96 

6 

.21118 

9.34345               181.27 

2.68304 
3.01453 
3.95846 

4.04002 
4.53953 
5.95931 

180.93 
180.90 
181.00 

The  research  is  avowedly  preliminary.  The  authors  believe  the  com- 
position of  the  chloride  to  vary  with  the  conditions  of  distillation  and  are 
at  present  investigating  this  matter. 

Lead. — ^Nonradioactive  lead  has  been  investigated  by  Baxter  and  Thor- 
valdson^  and  Baxter  and  Grover.'  The  first  named  compared  lead  bro- 
mide, which  had  been  fused  in  an  atmosphere  containing  hydrobromic 
add,  with  silver  and  silver  bromide.  Br  =  79.916.  Weights  are  cor- 
rected to  vacuum. 


Weight  of  PbBn. 

Weight  of  Ag. 

At.  wt.  Pb. 

Weight  of  AgBr. 

A.t.  wt.  Pb 

6.55858 

3.85610 

207.14 

6.71241 

207.15 

4.83285 

2.84126 

207.17 

.... 

5.67758 

3.33787 

207.17 

.... 

6.73361 

3.95874 

207.16 

6.89124 

207.17 

5.93130 

3.48660 

207.21 

5.01729 

2.94968 

207.17 

5.13400 

207.22 

5.89902 

3.46730 

207.25 

.... 

7.71526 

4.53498 

207.24 

7.89526 

207 .  20 

7.40244 

4.35157 

207.20 

7. 01 144 

4.12154 

207.21 

7.17470 

207.21 

6.91460 

4.06484 

207.19 

7.07672 

207.16 

8.12623 

4.77679 

207.22 

Average, 

207 . 19 

a  similar  series  of  experic 

aents  Baxter  and  Grover 

correct 

trace  of  insoluble  material  in  the  fused  lead  bromide,  which  is  neglected 
in  the  above  series.    The  outcome  of  the  two  series  is  essentially  the  same. 

*  Tras  JouRNAi,,  37, 1020  (1915). 

•  IPfoc,  Nat.  Acad.,  i,  71  (1915);  This  Journal,  37, 1027  (1915). 
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Weight  of  PbBn. 
5.27845 
2.65094 
4.08449 
4.97508 
4.055^3 
3.44158 
5.17416 
3.84522 
4.30542 
4.53467 
5.78467 
4.87104 
6 . 28465 

4.74644 
6.82444 
6.53721 
4.10128 
2.64271 
6.30717 


Weight  of  Ag. 
3. 1027 I 
1.55822 
2.40104 
2.92473 
2.38398 
2.02288 
3.04158 
2 . 26022 
2.53086 
2.66549 
3.40044 
2.86337 
3.69447 
2 . 7901 I 
4. 01 148 

3.84274 
2.41088 
1.55352 
3.70718 


At.  wt.  Pb. 
207 . 23 
207 . 23 
207.17 

207.15 
207.20 
207 . 23 
207 . 19 
207.21 
207 . Ip 
207 . 2 I 
207 . 19 

207 . 19 

207.19 
207.21 
207.21 

207 . 20 
207 . 18 
207 . 18 
207.23 


Weight  of  AgBr.      At.  wt.  Pb. 


4.15017 
3.52224 
5.29498 
3.93446 
4.40616 
4 . 64048 
5.91976 
4.98467 
6.43124 
4.85708 
6.98380 

4.19791 


207 . 18 
207.14 

207.17 
207 .  22 

207.15 
207.18 

207.17 
207 . 18 
207 .  19 
207.20 
207.18 

(207.09) 


Average,  207 .  20  Average,  207 .  18 

In  order  to  determine  whether  common  lead  always  possesses  the  same 
atomic  weight  Baxter  and  Grover  also  analyzed  lead  chloride  which  had 
been  prepared  from  minerals  from  known  widely  different  geographical 
sources.    None  of  the  material  was  radioactive. 


C 

1-35.457 

• 

Weight  of  Weight  of 

Weight  of 

At.wt. 

Mineral. 

Source. 

PbClf. 

Ag.       At.  wt.  Pb. 

AgCl. 

Pb. 

• 

5.63567 

4.37200 

207.21 

Commercial 

5.58730 

4.33427 

207.22 

nitrate 

6.86319 

5.32402 

207.22 

Galena 

Joplin,   Mo., 

4.70770 

3.65223 

207 .  20 

U.  S.  A. 

4.20222 

3.25968 

.207.23 

Cerussite 

Wallace,   Id., 

7.04688 

5  46691 

207 . 20 

U.  S.  A. 

5  88935 

4.56868 

207.22 

6.96370 

.... 

.... 

7.17754 

207.22 

6.89046 

.... 

.... 

7.IO231 

207.21 

Vanadinite  and 

Tucson,    Ariz., 

4  90083 

3.80171 

207 . 22 

wulfenite 

U.  S.  A. 

5  79300 

4.49404 

207.21 

Galena 

MetaUine     PaUs, 

5.43965 

4.21992 

207.21 

Wash.,  U.  S.  A. 

5.74504 

4.45674 

207 . 22 

Galena 

Nassau,  Germany 

6.57216 
5.66330 

5.09849 
4.39340 

207.21 
207.21 

Cerussite 

Eifel    Mts.,    Ger- 

5.73434 

4.44857 

207.21 

many 

4.17445 

3.23862 

207.19 

Cerussite 

New  South  Wales 

6.25884 
5.25882 

4.85584 
4.07933 

207.19 
207.23 

7.33227 

.... 

7.55732 

307.2a 

6.51699 



6.71690 

207.23 

207.21 

207.22 
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The  average  of  all  the  di£ferent  series  of  results  is  207 .  20.  This  value 
is  perceptibly  higher  than  that  obtained  some  years  ago  by  Baxter  and 
Wilson. 

Radioactbe  Lead.— Honigschmid  and  Mme.  St.  Horovitz^  have  con- 
tinued their  investigation  upon  radioactive  lead  by  analysis  of  lead  chlo- 
ride prepared  from  carefully  selected  minerals. 


Weight  of 
Source.  PbCh. 

St.  Joachimsthal,  Pitchblende 2 .91224 

2.47886 

2.76797 


CrystaUized  uranium  oxide,  Moro-      3 .  24177 

goro,  German  East  Africa 3 .94867 

3.78263 
3.68899 
449731 


Weight  of 


Weight  of       At.  wt. 


ight 

Ag.         At.  wt.  Pb.        AgCl.  Pb. 


3.01042  206.410 
2.56256  206.396 
2.86126   206.413 


Average,  206.405 


2.52563 
3.07636 
2.94693 
2.87400 
3.50343 


206.024 
206.025 
206.033 
206.030 
206.054 


3  35537 
4.08686 

3.91519 
3.81830 

^65464 


206.054 
206.066 
206.053 
206.052 
206.070 


Average,  206.033     Average,  206.059 


Br6ggerit,  Moos,  Norway. 


BrGggerit,  Moos,  Norway,  distilled 
PbClf 


4.50069 
4.49363 


4.83605 
3.97826 
4.91204 


4.65794 
4.65060 


206.082 
206.084 


3.76724 
3.09903 
3.82647 


206.060 
206.060 
206.057 


Average,  206.083 

5.00512  206.076 
4.11741  206.072 
5.08425  206.050 


Average,  206.059     Average,  206.066 


Common  lead,  distilled  PbCls. 


6.17861  4.79374  207.177 
4.75170  3.68659  207.182 
483397    3.75047    207.178 


6.36895  207.193 
4.89837  207.176 
4.98328    207.170 


Average,  207 .  179     Average,  207 .  180 

The  leads  from  Morogoro  and  Moos  possess  a  lower  atomic  weight  than 
any  other  specimen  of  radioactive  lead  which  has  been  examined. 

Guye  and  Germann^  have  calculated  the  effect  on  various  atomic  weights 
of  the  gaseous  impurities  which  they  have  found  in  silver.'  Inasmuch 
as  their  investigations  were  not  carried  out  with  silver  prepared  with 
the  care  necessary  for  atomic  weight  experiments,  it  is  premature  to  rely 
upon  the  corrections  which  they  compute. 

1  SUsb.  k.  Akad.,  Wien,  AbL  IIA,  123,  i  (1914);  Monatsh,,  36,  355  (1915). 

'  Compt.  rend.,  159,  992  (1914)* 

'  See  Twenty-second  Annual  Report;  also  Compt,  rend,,  159,  225  (1914). 
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The  idiosyncrasies  of  the  silver  coulometer  have  been  further  investi- 
gated by  Richards  and  Anderegg,  Vand  Hulett  and  Vinal.' 

Cambkidob.  Mabs. 


[CONTRIBTmON   FROM   THB   NaTIONAI.   BuRBAU   OP   STANDARDS,   PUBUSHBD  BT   PER- 
MISSION OF  THB  DiRBCTOR.] 

INCLUSIONS  IN  THE  SILVER  VOLTABffETER  DEPOSITS. 

By  G.  W.  ViNAL  AND  Wm .  M.  BoVARD. 

Received  December  31,  1915. 

Tablh  of  Contbnts. 
I.  Introduction.  2.  Apparatus  employed:  (a)  The  electric  furnace;  (6)  For 
heating  by  the  flame  method;  (c)  The  silver  voltameters.  3.  The  alloying  of  silver 
and  platinum.  4.  Effect  of  allo3ring  on  the  amount  of  silver  deposited.  5.  Estima- 
tion of  inclusions  in  deposits  from  ptire  electrolytes.  6.  The  value  of  the  Faraday. 
7.  Additional  experiments  on  the  deposits:  (a)  Successive  heatings  of  the  deports; 
{b)  Effect  of  heating  deposits  to  an  abnonnally  high  temperature;  (c)  Heating  the 
deposit  after  removal  from  cathode;  {d)  The  inclusions  between  the  crystals  and 
the  surface  of  the  cup;  (e)  Inclusions  in  silver  deposits  from  less  pure  electrolytes; 
(J)  The  volume  effect.    8.  Experiments  on  the  anode  liquid.    9.  Summary. 

I.  Introduction. 

In  a  previous  paper*  on  the  voltameter  a  brief  discussion  of  the  question 
of  inclusions  of  foreign  materials  in  the  silver  voltameter  deposits  was 
given,  together  with  a  short  r^sum^  of  other  papers  on  this  subject  and 
a  few  experiments  which  had  been  made  at  the  Btu'eau  of  Standards. 
It  was  pointed  out  that,  in  so  far  as  the  international  ampere  is  concerned, 
the  value  assigned  to  the  electrochemical  equivalent  of  silver  by  the  London 
Conference  has  been  generally  accepted  by  the  various  National  labcnu- 
tories  as  applying  to  the  silver  as  we  find  it  deposited  in  the  voltameter, 
without  reference  to  any  inclusions  that  it  may  contain.  This  is  not  a 
serious  matter  because  the  uniformity  of  the  results  obtained  by  the 
National  laboratories  working  together,  indicated  that  the  inclusions  must 
be  very  small  or  very  constant  in  amotmt  and  the  International  committee 
was  enabled  to  fix  the  voltage  for  the  Weston  normal  cell  with  sufficient 
acctu-acy  for  present  purposes.  But  it  was  also  stated  in  the  reference 
mentioned  above  that  it  is  important,  if  possible,  to  eliminate  any  error 
due  to  the  inclusions,  in  order  that  we  may  know  what  deviation  there  is» 
if  any,  from  the  value  assigned  to  the  electrochemical  equivalent  of  sQver 
(1.11800  mg.  per  coulomb). 

The  earliest  experiments  of  the  Bureau  on  the  inclusions  in  the  silver 
were  few  in  number  and  were  not  considered  conclusive.  Only  one 
deposit  was  heated  to  incandescence  and  that  was  from  an  electrolyte  in 

*  This  Journal,  37i  675  (1915)- 
«  /.  Phys.  Chem.,  19,  173  (1915). 

•  "The  Silver  Voltameter/'  Part  IV,  by  Rosa,  Vinal,  and  McDanid,  BuU.  Bur. 
Standards,  10,  516,  reprint  No.  220. 
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which  impurities  were  purposely  introduced.  Its  result  had,  therefore, 
no  significance  so  far  as  the  value  derived  for  the  Weston  normal  cell 
was  concerned,  since  only  pure  electrolytes  were  used  for  that  purpose. 

We  have  now  carried  out  at  the  Bureau  some  further  experiments, 
principally  to  determine  the  loss  of  weight  of  the  deposits  when  heating 
them  to  temperatures  of  600**  or  more.  These  will  be  recorded  in  the 
present  paper,  and  also  a  few  experiments  bearing  on  the  question  of  the 
anode  Uquid. 

Richards  and  Anderegg^  have  recently  made  determinations  of  the 
inclusions  of  foreign  material  in  the  silver  deposits.  They  found  the 
inclusions  in  their  deposits  to  be  very  variable  and  large  enough  to  be 
a  serious  source  of  error  in  the  silver  voltameter  determinations.  They 
recommended  as  a  safe  and  convenient  method  for  determining  these 
inclusions  that  the  platinum  cups  containing  deposits  should  be  heated 
to  dull  redness  in  a  flame  and  reweighed.'  The  resulting  loss  in  weight 
they  attributed  to  the  expulsion  of  foreign  material  in  the  deposit.  We 
have  repeated  this  part  of  their  work  and  we  have  extended  the  experi- 
ments to  include  comparisons  with  the  effect  when  similar  deposits  are 
heated  in  an  electric  ftunace.  .  Van  Dijk'  has  previously  used  a  ftunace 
for  this  purpose,  Ovx  furnace  was  considerably  larger  than  his,  so  that 
we  could  heat  otu*  regtdar  platinum  cathodes  in  it. 

We  found  the  losses  qn  glowing  the  deposits  to  be  only  0.004%  on  the 
average  and  fairly  constant.  We  also  fotmd  that  both  these  methods  of 
heating  the  deposits  are  subject  to  a  source  of  error.  In  order  to  drive 
the  inclusions  out  of  the  deposited  silver  a  temperattu-e  of  about  600^ 
has  been  used  and  there  is  necessarily  more  or  less  alloying  of  the  silver 
with  the  platinum  cup.  On  removing  this  silver  there  is  left  behind  a 
stain  of  platinum  black.  This  may  be  so  slight  as  to  be  hardly  noticeable, 
but  if  deposits  are  made  without  entirely  removing  the  stains  the  deposited 
silver  does  not  accurately  represent  the  quantity  of  electricity  that  has 
passed  through  the  voltameter  and  if  such  a  deposit  is  heated  to  dull 
redness  the  observed  loss  in  weight  depends  more  on  the  loss  of  adsorbed 
material  from  the  platinum  black  than  on  the  expulsion  of  inclusions  from 
the  deposited  silver.  This  source  of  error  was  not  mentioned  by  previous 
observers. 

2.  Apparatus  Employed. 

(a)  The  Electric  Furnace  was  designed  and  built  by  Prof.  G.  A.  Hulett 
for  *this  work  and  we  are  greatly  indebted  to  him  for  the  use  of  it.    It 

^  This  Joubnal,  37,  15  (i9i5>- 

*  Essentially  the  same  method  has  been  previously  described  and  used  by  Lord 
Rayleigh  and  Mrs.  Sedgwick,  Phil,  Trans.,  175,  430  (1884);  Jaeger  and  von  Steinwehr, 
Z.  Insirumenienk,,  a8,  354  (1908);  Boltzmann,  SitMb.  Akad,  Wiss.,  Wien,  II A,  lax, 
to6o  (191a). 

'  Ann.  Physikf  ig^  263  (1906). 
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was  constructed  from  a  glazed  porcelain  beaker  and  the  heating  coils  of 
nichrome  wire  were  woimd  not  only  on  the  sides  and  bottom,  but  there 
was  also  a  heating  coil  in  the  porcelain  cover  in  order  to  provide  as  uniform 
a  temperature  inside  as  possible.  Temperature  measurements  were  always 
made  by  a  platinum  platinum-rhodium  thermocouple  which  had  been 
calibrated  at  this  Bureau.  The  thermocouple  passed  into  the  furnace 
through  a  porcelain  tube  in  the  center  of  the  cover.  The  outside  of  the 
furnace  consisted  of  two  concentric  hollow  cylinders  of  metal  and  as- 
bestos. The  double  air  space  thus  provided  gave  ample  heat  insulation 
to  make  the  furnace  efficient  for  temperatiu-es  not  exceeding  750**.  The 
top  of  the  furnace  was  of  glazed  porcelain  rings,  one  of  which  supported 
the  interior  parts.  The  outside  dimensions  of  the  furnace  are  21  cm. 
diameter  by  27  cm.  high,  and  the  inside  dimensions  are  9  cm.  diameter 
by  16  cm. 

The  platinum  cups,  one  at  a  time,  were  lowered  into  the  furnace  with 
platinum-tipped  tongs  and  rested  on  a  network  of  platinum  wires  woven 
in  a  perforated  porcelain  plate.  The  cups  were  covered  with  glazed  por- 
celain crucible  tops  to  prevent  the  accidental  falling  of  any  particles  into 
them  when  putting  the  thermocouple  in  place.  The  electric  current  was 
applied  gradually  by  steps  of  one  ampere  at  intervals  of  a  few  minutes 
tmtil  the  maximum  current  of  7.7  amperes  was  reached.  After  each  heat- 
ing the  furnace  wsis  allowed  to  cool  to  about  300^  before  opening  it. 

The  furnace  was  designed  with  a  view  of  avoiding  the  difficulties  of  metal 
contamination  sometimes  encountered  with  platinum  wound  furnaces.^ 
To  test  this  an  empty  platinum  cup  was  heated  four  times  and  weighed 
after  each  heating  with  the  results  given  in  Table  I. 

Tablb  I. 

Date. 

1915. 

July  23 38.496887 


Wt.  of  Clip. 
G. 

A. 
Mg. 

Treatment  of  cups. 

38.496887 

—0.019 

Washed  and  dried  160"* 

942 

+0.036 

Heated  to  650*" 

897 

— 0.009 

Heated  to  648^ 

897 

— 0.009 

Heated  to  646'' 

24 

Mean,    38.496906     ^0.018 

Each  of  the  four  determinations  given  in  Table  I  is  subject  to  the  same 
experimental  error  in  so  far  as  the  weighings  are  concerned.  Since  the 
deviations  are  by  small  amounts  the  results  show  that  the  heating  ip  a 
high  temperattu'e  was  without  eflFect  on  the  weight  of  the  cup. 

(6)  For  Heating  by  the  Flame  Method,  the  platinum  cups  were  sup- 
ported on  a  quartz  triangle  and  covered  with  a  small  glazed  porcelain 
evaporating  dish.  The  room  was  darkened  and  the  cup  heated  quickly 
and  as  uniformly  as  possible  to  a  very  dull  red  with  a  Btmsen  burner  held 
^  Proc.  Am.  Acad.  Set.,  38,  460  (1903). 
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in  the  hand.  We  made  a  number  of  determinatiotis  on  empty  platinum 
cups  to  determine  the  effect  of  heating.  The  following  results,  Table  II, 
give  the*  weight  after  each  heating  to  about  600^: 

Tablb  II. 

Date.  Wt.  of  Urce  A.        Wt.  of  small  A. 

1915.  cnpa.     G.  Mg.        cups.     O.  Mg .  Treatment  of  cups. 

June  10 80.293412  +0.004  38*4955^5  +O.OQ3  Washed,  dried  and  glowed 

404  — 0.004  579  — 0.003  Heated  to  dull  redness 

Moan,  80.293408  i«i0.oo4  38.495582  *o.oo3 

June  II 80.293183  -1-0.068  38 .494855  -ho. 047  Washed  and  dried  at  i6o* 

113  — 0.002  805  — 0.003  Heated  to  dull  redness 

082  — 0.033  78B  — 0.020  Heated  to  dull  redness. 

12 083  — 0.032  786  — 0.022  Heated  to  dull  redness 

Mean,  80.293115  ^0.034  38.494808  ^0.023 
Average  A's  of  both  sets,  ^0.024  *o.oi7 

The  results  of  Table  II  show  very  little  change,  if  any,  in  the  weight 
of  the  empty  cup  due  to  heating  them  to  redness.  In  all  the  succeeding 
work  the  empty  cups  were  glowed  each  time  before  weighing  them. 

When  heating  the  cups  with  silver  deposits  to  dull  redness,  the  porce- 
lain dish  serving  as  a  cover  for  the  cup  was 'examined  for  any  traces  of 
volatilized  sBver,  but  none  was  ever  seen  nor  was  any  found  by  chemical 
tests.  During  the  heating  process  the  observer  Ustened  for  the  **series 
of  small  explosions"  mentioned  by  Richards  and  Anderegg,^  but  this 
phenomenon  was  never  observed. 

(c)  The  Silver  Voltameters  were  the  same  instruments  as  used  in  the 
previous  work  at  the  Bureau  of  Standards  together  with  the  voltameters 
previously  used  in  the  Princeton  laboratory.  To  these  were  added  two 
silver  cups  identical  in  size  and  shape  with  the  Princeton  platinum  cups. 
It  has  generally  been  thought  impossible  in  the  past  to  use  silver  cups, 
partly  because  the  deposit  cannot  readily  be  removed  and  the  cup  restored 
to  its  original  condition,  and  partly  because  of  inconstancy  of  weight  when 
heated.  Both  of  these  objections  were  mentioned  by  Lord  Rayleigh.* 
Recently  it  has  been  found  in  the  work  at  Princeton  that  silver  deposited 
on  highly  polished  silver  may  be  scraped  off  with  the  greatest  ease,  although 
it  adheres  sufficiently  weU  for  the  usual  washing  operations.  The  de- 
posit after  being  washed  was  scraped  down  while  still  wet  with  a  small 
silver  "hoe."  This  has  afforded  a  ready  means  of  determining  the  inclu- 
sions between  the  crystals  and  the  cup  and  of  saving  deposits  for  further 
examination  for  inclusions.  Prof.  Hulett  has  kindly  permitted  us  to  make 
use  of  his  silver  cups  in  this  way. 

The  electrol)rtes  used  in  these  experiments  were  generally  of  a  very  high 

1  Loe,  cit.,  p.  9. 

«  Phil,  Trans,,  175,  411  (1884). 
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degree  of  purity  and  the  silver  nitrate  was  prepared  either  by  the  methods^ 
previously  described  by  the  Btu'eau  or  by  the  Princeton  method.  The 
electrolyte  was  always  tested  for  its  acidity  and  for  reducing  agents. 

The  cups  were  weighed  on  the  same  balances  described  by  flosa,  Vinal, 
and  McDaniel,*  but  these  balances  were  mounted  in  a  new  balance  room, 
similar,  however,  to  that  used  before. 

3.  The  Alloying  of  Silver  and  Platinum. 

Nearly  all  the  previous  observers  who  have  tried  heating  the  silver 
deposits  have  mentioned  the  alloying  of  the  silver  and  platinum  at  a 
temperature  corresponding  to  dull  redness,  and  Van  Dijk'  has  described 
the  black  stain  left  on  the  platinum  cup  after  the  silver  has  been  removed. 
Others  have  not  mentioned  this,  probably  because  the  stain  was  almost 
invisible  if  the  alloying  was  slight.  None  of  the  previous  authors  seem 
to  have  been  aware  of  the  significance  of  this  alloying  and  of  the  black 
stain;  for  example  Richards  and  Anderegg^  say,  ''Such  heating  slightly 
alloys  the  two  metals  ♦♦♦♦♦♦♦,  This  complication,  of  course, 
had  not  the  slightest  effect  upon  the  quantitative  experiment/' 

Time,  as  well  as  temperattu-e,  is  a  very  important  factor  in  alloying. 
Rapid  heating  to  a  given  temperature  for  a  short  time  may  produce  little 
effect,  but  it  becomes  very  pronounced  as  the  time  of  heating  is  increased, 
as  we  found  on  using  the  electric  furnace.  A  cup  heated  to  625*  for 
thirty  minutes  in  the  furnace  was  much  more  alloyed  than  a  similar 
cup  heated  to  675**  in  the  same  furnace  and  immediately  allowed  to  cool. 

When  the  deposits  are  removed  from  the  alloyed  cups  by  electrolysis 
or  nitric  add,  a  brown  stain  remains  on  the  platinum  if  the  cups  have 
been  heated  for  only  a  short  time  with  the  flame,  or  a  heavy,  dark  brown 
or  black  stain  in  the  case  of  cups  heated  for  a  longer  time  in  the  furnace. 
We  were  unable  to  remove  this  stain  completely  by  scrubbing  without  a 
considerable  abrasion  of  the  platinum  surface  and  it  persisted  even  after 
the  cups  were  carefully  washed  and  dried  at  i6o^.  If  the  cups  were  heated 
to  bright  redness  in  a  Bunsen  flame  the  slight  stains  completely  disappearedt 
but  their  capacity  to  make  trouble  was  only  slightly  lessened.  Early 
in  oiu-  work  we  found  that  this  change  in  color  from  brown  or  black  to 
gray  was  accompanied  by  a  marked  change  in  weight  of  the  cup.  This 
change  in  weight  may  be  as  small  as  0.1-0.2  mg.  in  the  case  of  cups  that 
have  been  very  slightly  alloyed  or  it  may  amount  to  milligrams  in  case 
of  heavily  alloyed  cups.  The  following  figiwes  give  the  change  in  weight 
as  we  have  observed  it  for  a  few  cases: 

1  Bur.  Standards  Bull.,  9,  537,  reprint  No.  201;  Trans,  Am.  Elecirochem.  Soc.,  aa^ 

372  (1912). 

'  Bur.  Standards  Bull.,  9,  174,  reprint  No.  195. 

'  Arch.  NSerland.  des.  set.,  [II]  10,  277  (1905);  Ann.  Physik,  19,  265  (1906). 

*  Loc.  cit.,  p.  15. 
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Table  III. 
Change  in  weight  due  to  glowing  n  cup  stained  by  the  alloying  of  silver  and  platinum 
after  deaning  and  drsring  at  160*. 
Date.    1915.  Lom  Io  wt.   Mg.  Cfatfftcter  of  tUia. 

July   37 0.180  Very  stight  bfown  stains 

O.230  Very  slight  brown  stains 

Aug.     6 0.672  Brown  stains 

0.643  Brown  stains 

Sept.  23 X  .083  Brown  stains  rather  prominent 

Ck:t      2 4.89  Heavy  black  stain 

The  cause  of  this  phenomenon  seems  to  be  the  expulsion  of  adsorbed 
material  in  the  brown  or  black  stains.  These  stains  we  believe  to  be 
platinum  black.  The  nature  of  this  material  adsorbed  by  the  platinum 
black  has  not  yet  been  determined,  but  experiments  will  diortly  be  made 
to  identify  it.  The  disappearance  of  the  stains  when  heated  was  more 
apparent  than  real,  since  the  platinum  black  was  ccmverted  into  platinum 
gray  and  was,  therefore,  hardly  visible  on  the  gray  surface  of  the  platinum 
cup  itself.  The  stains  show  their  marked  catalytic  power  when 
brought  in  contact  with  hydrogen  peroxide.  Even  in  cases  when  the  al- 
l03ang  has  been  so  sUght  that  the  platinum  black  stains  are  invisible 
we  have  found  that  the  actual  presence  of  the  stains  can  be  shown  by 
making  a  test  with  peroxide.  In  this  test  the  peroxide  was  made  to  cover 
both  platintun  black  and  the  bare  platinum  stuiace  of  the  cup  at  the  top. 
The  bubbles  formed  quickly  in  the  platinum  black  region  and  not  notice- 
ably over  the  bare  platinum.  There  was  a  sharp  line  of  demarcation  be- 
tween the  decomposing  peroxide  and  the  remainder  at  the  point  where 
the  top  of  the  silver  deposit  had  been.  We  have  also  tried  this  experiment 
on  a  cup  which  had  been  heavily  alloyed  by  heating  in  the  furnace  and 
in  this  case  we  fotind  that  the  prominent  brown  stains  caused  a  great 
evolution  of  bubbles  in  the  peroxide.  In  another  case  the  platinum  black 
stains  which  had  been  converted  into  platinum  gray  by  glowing  the  cup 
^ere  tested.  He^e  the  effect  was  much  less  marked  than  in  a  companion 
cup  which  had  been  similarly  treated  in  every  way  except  that  it  had  not 
been  glowed.  We  think  this  indicated  that  the  stains  were  really  platinum 
black. 

In  the  case  of  moderately  alloyed  cups,  with  polished  iimer  stuf aces, 
the  brown  stains  often  showed  the  position  and  size  and  shape  of  each 
individual  crystal  of  silver.  But  as  the  alloying  was  increased  by  longer 
bating  it  was  possible  to  see  the  alloy  spread  out  into  the  spaces  between 
t;he.  crystals  of  silver,  so  that  when  the  silver  was  removed  the  brown 
stains  had  merged  together  forming  one  continuous  stain  all  over  the  inner 
surface  of  the  cup.  We  have  examined  these  stains  under  a  high  power 
microscope  and  found  them  to  be  essentially  a  surface  phenomenon. 

It  seemed  desirable  to  investigate  the  change  in  weight  of  this  platinum 
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black  in  its  relation  to  temperature  and,  therefore,  we  heated  a  cup  to 
successively  higher  temperatures,  weighing  it  after  each  heating. 
As  a  trial  we  washed  and  weighed  it  three  times,  heating  it  to  151  **  to  see 
how  well  the  weighings  might  be  expected  to  repeat  themselves.  The 
cup  contained  only  a  medium  amount  of  the  stain  and  was  not  an  ex- 
treme case. 


Tabl 

S  IV. 

Wt.  of  cup  minus 

Tempera- 

Decrease 

counterpoise.    Mg. 

ture.    •€, 

inwt.   Mg. 

Remarks. 

+0.276 

151 

Heated  in  electric  oven 

+0.236 

151 

.  .  . 

Heated  in  electric  oven 

+0.247 

151 

.  .  . 

.  Heated  in  electric  oven 

+0.123 

231 

0.130 

Heated  in  electric  oven 

+0.044 

400 

0.079 

Heated  in  electric  furnace 

—0.660 

600 

0.704 

Color  changed  to  gray 

— 0.718 

660 

0.058 

Heated  in  electric  furnace 

— 0.830 

760 

T0I 

O.II2 

Heated  in  flame,  temp,  estimated 

tal,  1.083 

These  results  are  shown  graphically  in  Pig.  i. 

We  next  considered  the  question  of  the  effect  this  layer  of  platinum  black 
or  platinum  gray  has  upon  the  silver  deposited  and  what  role  it  played 
in  the  determination  of  the  inclusions  by  the  method  of  heating  as  ad- 
vocated by  Lord  Rayleigh  and  later  by  Richards.  From  the  above  re- 
sults we  concluded  that  a  cup  containing  a  trace  of  platinum  black,  on 
which  silver  has  been  deposited,  if  heated  to  dull  redness  will  show  a  loss 
in  weight  that  cannot  properly  be  assigned  to  the  liberation  of  inclusions 
in  the  silver  alone.  Yet  all  previous  observers,  with  little  or  no  precau- 
tions to  insure  against  the  presence  of  the  platinum  black,  have  assumed 
the  observed  loss  in  weight  to  represent  the  liberated  inclusion  from  the 
silver  deposit.  It  is  also  obvious  that  if  the  platinum  black  is  present 
the  losses  observed  when  making  determinations  of  the  inclusions  by  heat- 
ing will  be  found  to  be  very  variable  and  their  magnitude  will  depend 
upon  the  amount  of  platinum  black  present  and  its  previous  heat  treat- 
ment. On  the  other  hand  if  the  cup  had  been  glowed  before  making  the 
deposit  of  silver,  so  that  the  platinum  black  is  converted  to  platinum  gray, 
it  is  less  probable  that  subsequent  heating  of  the  silver  deposit  will  show 
large  or  variable  losses  in  weight.  We  have  made  a  special  test  of  this 
point  in  the  case  of  two  cups  both  coated  with  platinum  black  from  previous 
alloying  with  silver.  One  of  these  was  glowed  before  making  the  deposit 
of  silver  and  the  other  was  treated  in  the  usual  way,  that  is,  washed  and 
dried  at  160*'.  Aside  from  the  question  of  relative  weights  of  the  two  de- 
posits, which  will  be  discussed  farther  on,  we  give  here  the  observed  losses 
in  weight  when  the  two  cups  with  identical  deposits  were  heated: 

Cup  that  had  been  glowed  before  making  the  deposit,  lost  0.06  mg. 
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Cup  that  had  not  l^een  glowed,  lost  4.89  mg. 

This,  of  course,  is  an  exaggerated  ca^e,  but  shows  the  possibility 
of  error  in  the  assumption  made  by  previous  observers  as  mentioned  on 
page  502. 

We  concluded  that  if  the  cup  has  been  thoroughly  glowed  previously 
to  making  the  deposit  that  a  subsequent  determination  of  the  inclusions 
will  represent  fairly  the  change  in  weight  of  the  deposit.  For  if  we  take 
the  mean  of  thirteen  determinations  given  in  Table  VI,  in  which  the 
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cup  contained  a  small  amount  of  platinum  black  previously  glowed,  and 
compare  it  with  twelve  determinations  made  with  cups  which  were  en- 
tirely free  from  the  platinum  black  or  platinum  gray  before  making  the 
deposit,  we  find  the  difference  in  estimated  inclusions  to  be  only  0.0006% 
which  is  within  the  experimental  error. 
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4.  Effect  of  Alloying  on  the  Amount  of  Silver  Deposited. 
The  first  intimation  which  We  had  that  the  presence  of  platinum  black 
or  platinum  gray  in  the  voltameter  would  cause  serious  errors  in  the 
quantity  of  silver  deposited  was  in  an  early  experiment  when  two  cups 
that  had  been  heavily  alloyed,  but  subsequently  glowed,  showed  deposits 
more  than  two  milligrams  lighter  than  the  other  cups.  It  was  this  ex- 
periment that  first  suggested  the  nature  of  the  stains  on  the  platinum  and 
led  us  to  experiment  with  them.  Since  then  we  have  made  special  experi- 
ments to  determine  the  general  effect  of  previous  alloying  of  the  cups  on 
subsequent  deposits  of  silver. 

TABtB  V. 
Effect  of  platinum  bkck  and  platinum  gray  on  the  mass  of  silver  deposited  (de- 
posits dried  at  i6o^). 

Date.    1913.  Cup.     Deposit.   M«.  Condidon  Of  the  cup. 

Aug.   12 38        4249 .  23  Normal  voltameter,  no  alloy 

27  4249 .  19  Pt  black  removed  by  aqua  regia 

28  4250.61  A  heavy  layer  of  platinum  black 
x8 4 93        4207 .80  Normal  voltameter,  no  alloy 

92        4207.33        SHghtly  alloyed  and  glowed 

27  4207 .  68        Pt  black  removed  by  aqua  regia 
39;      4207.49        Slightly  alloyed  axid  glowed 

I  4207.58  Pt  black  removed  by  aqua  regia 

II  4207 .64  Pt  black  removed  by  aqua  r^;ia 

Oqt.      2 % .     27  423i  .03  Alloyed  and  glowed,  platinum  gray 

28  4234.35  Heavy  layer  of  platinum. black 
38  4233.58  Normal  voltameter,  no  alloy 

It  thus  appears  that  a  cup  that  had  been  alloyed  and  helice  contains 
the  platinum  black  stains  gave  an  apparently  heistvier  deposit  than  normal 
if  it  had  nbt  been  glowed,  or  a  lighter  deposit  than  ndtrm^  if  it  had;  been 
glowed  previously  to  making  the  deposit.  This  was .  not  tmderstood  at 
ISrst  since  we  thought  Ithat  t^e  Ught  weight  of  the  deposit  might  be  due 
to  the  catalytic  effect  of  the  platinum  gray  on  the  hydrogen  ions  present 
in  the  solution,  and  it  was,  therefore,  expected  in  the  experiment  of  Aug. 
12th  that  cup  No.  28  would  show  a  still  Ughter  deposit.  As  a  matter  of 
fact,  the  deposit  was  miich  too  heavy  and  this  was  confirmed  by  the  same 
cup  in  the  experiment  of  Qct.  2nd.  The  difficulty  Was.  exj^lained  when 
we  heated  cups  No.  27  and  No.  a8  of  the  last  experiment  to  a  dull  red. 
No.  27  lost  0.060  mg.;  No.  28  lost  4.89.  That  is,  the  deposit  in  No.  28 
was  in  reality  much  the  Ughtest,  although  apparently  heavy,  owing  to 
material  probably  adsorbed  by  the  platinum  black. 

Careful  measurements  of  the  acidity  of  the  electrolyte  were  made  and 
dbecked  for  the.  experiment  of  Oct.  2nd.  It  was  found  that  the  addity 
increased  considerably  in  the  case  of  the  cup  with  platinum  black,  some- 
what less  for  the  cup  with  platinum  gray  and  none  at  all  for  the  standard 
cup. 
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.J 

The  acidities  were  as  follows: 

Initial  acidity  of  electrolyte 7  X  lo"^  add 

Pinal  acidity  No.  27,  platinum  gray 10  X  io~*  add 

Pinal  addity  No.  28,  platinum  black 15  X  lo""*  add 

Pinal  addity  No.  38,  normal  cup 6  X  lo""*  add 

Table  V  shows  that  when  the  platinum  cup  containing  the  platinum 
black  is  deaned  with  cold  concentrated  aqua  regia^  and  rubbed,  the  de- 
posits are  in  agreement  with  those  in  cups  which  have  never  been  alloyed 
with  silver.  This  cleaning  process,  however,  removes  a  considerable 
amount  of  the  platinum.  In  exaggerated  cases  this  is  as  much  as  a  gram. 
For  this  reason  it  appears  doubtful  whether  a  moderate  amount  of  scrubbing 
would  suffice  for  the  complete  elimination  of  the  platinum  black.  Richards 
and  Anderegg,  for  example,  mention  scrubbing  the  cups  and  say  that  the 
crucibles  lost  a  few  tenths  of  a  milligram  each  time.  Our  work  would 
lead  us  to  expect  a  much  greater  loss  than  this  if  the  platinum  black, 
even  for  only  a  slight  alloying,  be  entirely  removed.  Cleaning  the  cups 
in  this  way  is  inconvenient  and  destructive  to  the  cup.  We  do  not  find 
it  necessary  to  make  indusicsi  determinations  for  every  deposit  of.  silver 
and  to  do  so  would  speedily  ruin  the  platinum  cups. 

5.  Estimation  of  Inclusions  in  Deposits  from  Pure  Electrolytes. 

Table  VI  shows  the  observed  losses  in  weight  of  deposits  from  pure 
e]ectrdl3rtes,  the  piuity  being  judged  by  the  standards  of  purity  previously 
published  by  the  Bureau.^  All  such  deposits  which  were  heated  according 
to  the  method  described  by  Richards  and  Anderegg  are  included  in  this 
table.  In  no  case  was  platinum  black  present,  but  in  some  cases  slight 
amounts  of  platinum  black  had  been  omverted  over  into  platinum  gray 
before  making  the  deposits.  This  is  immaterial,  as  we  showed  on  page 
503,  but  these  cases  are  noted  in  the  table.  All  deposits  which  were  heated 
in  the  electric  furnace  are  also  included  in  the  table,  with  the  exception  of 
two  in  the  experiment  of  July  20th.  For  unknown  reasons  these  were  dis- 
cordant with  all  the  other  results  of  the  table  and  they  are  therefore 
omitted.  They  would  affect  the  mean  result  by  only  0.0005%  **  they 
were  included. 

The  inclusions  expelled  by  heating  the  silver,  therefore,  seem  to  be 
about  0.004%.  Richards  and  Anderegg*  ^VVfy  ^  correction  of  6%  for 
the  solids  they  estimate  to  remain  from  the  indunons,  but  6%  of  0.004% 
is  too  small  to  consider. 

It  is  interesting  at  this  point  to  compare  the  results  which  have  pre- 
viously been  obtained  by  methods  similar  to  those  used  in  this  paper.    We 
give  in  Table  VII  an  analysis  of  earlier  results  compared  with  our  own. 
In  general  these  results  had  to  be  computed  from  the  original  data  con- 
^  Biir.  Standards  BmU„  9,  534,  reprint  No.  20X. 
'  Loc,  cii,t  p.  xS. 
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tained  in  the  various  papers.  Thus  in  the  case  of  Lord  Rayleigh's  Table 
II  we  have  computed  the  percentage  loss  in  weight  of  the  deposit  for 
all  deposits  made  from  silver  nitrate  not  contaminated  with  acetate. 
For  Richards  and  Anderegg's  work  we  have  included  all  the  results  given 
in  their  Table  III  and  have  averaged  them  together. 

Table  VII. 
SummaTy  of  Results  Obtained  by  Heating  the  Silver  Deposits  in  the  Platinum  Cups 

to  Bxpel  Induslons. 

Extreme  values.    %.       Raagc.     Mean  re-    No.  of  ob- 
Year.  Obtcrvert.  *  . * .  %.        atdt.    %.    aenratloni. 

1884  Rayleigh  &  Sedgwick' 0.000  — 0.030  0.030  o.oio  24 

190a  Richards  and  Heimrod' — 0.003  — 0.030  0.037  0.018  12 

1906  VanDijk* +0.009  —0.006  0.015  0.000  7 

1908  Jaeger  and  von  Stein wehr^.   +0.002  — 0.005  0.007  oTocx^b  18 

1912  Boltzmann* +0.0026  —0.0087  0.0Z13  o.oo2t  19 

1915  Richards  and  Anderegg*...  — 0.0039  — 0.0352  0.0313  o.oi4«  27 

1915  Vinal  and  Bovard^ +0.0002  — 0.0079  0.0081  0.0040  25 

It  is  readily  seen  from  Table  VII  that  the  results  classify  themselves 
in  two  groups.  On  the  one  hand  we  have  Lord  Rayleigh  and  Mrs.  Sedg- 
wick, Richards  and  Heimrod,  and  Richards  and  Anderegg;  on  the  other 
hand  we  have  Van  Dijk,  Jaeger  and  von  Steinwehr,  Boltzmann  and  the 
present  authors.  So  far  as  Lcurd  Rayleigh  and  Mrs.  Sedgwick  are  concerned, 
it  must  be  remembered  that  they  were  working  with  the  filter  paper 
voltameter  and,  theref(M:e,  their  electrol3rte  was  impure,  which  we  think 
will  account  for  a  high  value  for  the  inclusions.  Whether  we  include 
their  results  or  not,  the  fact  remains  that  Richards  and  his  co-workers 
stand  alone  in  finding  the  largest  inclusions  and  in  having  the  largest 
variation  between  his  extreme  values.  The  most  consistent  results,  that 
is,  those  having  the  smallest  difference  between  the  extreme  values  are 
the  results  of  Jaeger  and  von  Steinwehr.  These  are  closely  followed  by 
the  results  of  the  present  paper  and  by  the  results  of  Boltzmann  and 
Van  Dijk.  If  we  group  these  four  series  together  we  have  69  fairly  con- 
sistent determinations,  of  the  inclusions  of  which  the  mean  is  0.0023%, 
weighting  each  of  the  four  results  according  to  the  number  of  observations 
on  which  it  is  based.  Richards'  39  observations,  on  the  contrary,  give 
a  mean  result  of  0.0154%  or  nearly  seven  times  larger  than  the  mean  of 
the  other  observers.  Just  how  much  effect  the  platinum  black  has  had 
in  the  results  of  these  previous  observers  we  shall  not  attempt  to  say, 

»  PhU.  Trans,,  (A)  I75,  438  (1884).* 

«  Z.  phyHk.  Chem,,  41,  323  (1902). 

»  Ann,  Physik,  19,  266  (1906). 

*  Z.  InstrwnenUnk.,  35,  226  (1915).  ' 

*  SilMb.  Akad,  Wiss.,  Wien,  lai,  1062  (1912). 

*  Tms  JouKNAL,  37,  16  (i9i5)« 
'This  paper. 
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but  it  is  evident  that  in  the  case  of  Van  Dijk,  Jaeger  or  von  Steinwebr 
and  Boltzmann  it  was  very  small.  The  last  named  mentions  glowing  the 
cup  each  time  before  making  a  deposit  and  this  would  nuUify  the  effect 
of  the  platinum  black  so  far  as  determining  the  inclusions  is  concerned, 
as  we  have  shown. 

The  voltameters  used  in  the  researches  that  showed  very  small  industons 
have  varied  greatly  in  size.  The  smallest  cup  was  Van  Dijk's  which 
held  only  30  cc.  and  the  largest  were  our  own,  some  of  which  held  over 
300  cc. 

Smith,  Mather,  and  Lowry  heated  a  few  deposits,  but  not  to  as  hi^ 
a  temperature  as  in  the  case  of  the  results  recorded  in  Table  VII;  they 
are,  therefore,  not  mentioned  in  this  connection.  This  is  also  the  case 
with  a  few  other  observers  whose  methods  have  differed  in  principle  from 
the  methods  of  this  paper. 

6.  The  Value  of  the  Faraday. 

The  Bureau^  published  some  years  ago  a  value  for  the  absolute  elec- 
trochemical equivalent  of  silver  which  was  obtained  by  the  same  silver 
voltameters  used  in  the  present  work  and  an  absolute  current  balance. 
This  value  was  i.i  1804  mg.  per  coulomb.  Subsequently  this  was  revised* 
to  I.I  1805  mg.  per  coulomb.  Whichever  of  these  values  is  taken,  if  we 
apply  as  a  correction  the  estimated  inclusions  as  found  in  the  preceding 
section,  it  appears  that  1.11800  mg.  per  coulomb,  which  was  adopted  by 
the  London  Electrical  Congress  of  1908  as  the  value  for  the  electrochemical 
equivalent  in  determining  the  International  ampere,  is  in  reality  also  the 
closest  figure  that  we  can  assign  as  cm  absolute  value  to  this  constant 
and  is  probably  correct  to  within  a  few  parts  in  one  hundred  thou- 
sand. We  do  not  know  the  value  for  the  atomic  weight  of  silver  with 
this  degree  of  accuracy.  It  is  only  eaq>ressed  to  five  significant  figures, 
but  taking  the  present  international  value  107.88  we  find  the  value  of  the 
Faraday  to  be 

96,494. 
In  a  recent  paper  by  Vinal  and  Bates*  the  value  96,500  is  recommended 
for  general  use  and  this  recommendation  still  holds  good.  The  cor- 
rection for  inclusions  found  in  the  present  paper  will  account  for  only  four 
out  of  twenty-one  parts  in  100,000  difference  between  the  results  of  the 
silver  and  iodine  voltameters  of  their  work.  Additional  experiments 
are  now  being  made  in  the  Princeton  laboratory  in  which  some  of  the  de- 
posits obtained  during  the  present  investigation  will  be  analyzed.  After 
these  results  have  been  obtained  a  more  extensive  discussion  of  the  Faraday 
will  be  given. 

>  Bur.  Standards  Bull.,  8,  367,  rei>rint  No.  171, 
'  Ibid.,  10,  477,  reprint  No.  220. 
*  Ibid.,  10,  44.9,'  reprint  No.  218. 
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7.  Additional  Experiments  on  the  Deposits. 

(a)  Successive  Heatings  of  the  Deposits. — ^It  will  be  noted  in  Table 
VI  that  some  of  the  deposits  were  heated  more  than  once.  This  was  to 
determine  how  completely  the  inclusions  are  expelled  by  one  heating. 
Our  experiments  showed  that  about  90%  of  the  total  loss  in  weight  occurs 
the  first  time  that  they  are  heated.^  The  second  and  third  heatings  show 
small  changes,  which  are  sometimes  sUght  gaias  in  weight  instead  of  losses. 

(b)  Effect  of  Heating  Deposits  to  an  Abnormally  High  Temperature. 
— ^Two  deposits  were  heated  by  a  flame  to  a  temperature  estimated  at 
700°  after  being  heated  to  dull  redness.  The  resulting  loss  in  weight 
was  observed. 

Percentage  of  deposit,  0.0017  and  0.0006.    Mean,  0.0011%. 

One  deposit  was  heated  in  the  furnace  to  675^  after  having  been  twice 
heated  to  625^;  the  result  was  an  apparent  gain  in  weight  of  0.0011%. 

Effect  of  Prolonged  Heating  of  the  Deposit. — When  the  deposits  are 
heated  with  the  Bunsen  burner  the  time  that  the  deposit  is  at  a  high 
temperature  is  very  brief,  but  in  the  case  of  the  furnace  the  cup  and  de- 
posit are  over  600°  for  at  least  7  minutes.  The  agreement  of  these  two 
methods  of  heating  shows  that  the  time  is  not  significant,  but  as  a  further 
test  we  baked  a  deposit  for  the  second  time  in  the  furnace  for  V2  hour 
at  625**  and  fotmd  the  loss  in  weight  to  be  only  0.0004%. 

It  is  fortunate  that  the  time  for  heating  can  be  made  so  short  because 
the  trouble  with  the  alloy  of  silver  and  platinum  is  much  lessened. 

(c)  Heating  the  Deposit  after  Removal  from  Cathode. — ^Two  samples 
A  and  B  of  silver  deposits  from  pure  electrol3rtes  vere  removed  from  the 
silver  cathodes  as  described  on  page  499.  These  were  dried  at  160** 
in  a  small  platinum  dish  previously  washed,  dried,  and  glowed.  After 
weighing  they  were  heated  in  the  same  platinum  dish  to  dull  redness 
with  a  Bunsen  burner.  We  give  in  Table  VIII  these  two  values,  together 
with  the  values  obtained  by  heating  the  deposits  on  platinum  of  the  same 
run  according  to  the  method  described  by  Richards,  or  in  the  ftunace. 
Two  deposits  of  the  run  of  July  9th,  which  are  given  in  Table  VI,  are 
omitted  here  because  the  platinum  cups  were  not  previously  glowed,  and ' 
two  deposits  also  on  June  24th  made  with  a  different  electroljrte. 

Tablb  VIII. 
Estimations  of  inclusions  in  silver  scraped  from  the  cathode. 


Dftte. 

1915. 

Sample. 

wt.    %. 

Cup. 

wt.    %. 

Mean. 

Difference,  Mmple 
minus  cup.    %. 

June  24.. 

...      A 

0.0045 

92 
27 

0.0029 
0.0047 

0.0038 

+0.0007 

July      9.. 

...      B 

0.0008 

95 
92 

(-h)0.0002 
0.0003 

27 

O.OOII 

0.0005 

-ho.  0003 

28 

0.0007 

1  Boltzmann  CLoc,  ciL)  also  obtained  a  similar  result. 
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The  agreement  of  these  two  results  is  better  than  was  to  be  expected. 

(d)  The  Inclusions  between  the  Crystals  and  the  Surface  of  the  Cup. 
— ^Richards  and  Anderegg^  note  that  platinum  cups  with  rough  interior 
surfaces  considerably  increase  the  inclusions.  It,  therefore,  seemed  worth 
while  to  examine  this  point  closely  because  of  the  excellent  agreement  of 
results  obtained  by  Hulett  and  Vinal,^  although  one  used  platinum  cup6 
with  rough  interior  surfaces  and  the  other  smooth  surfaces.  In  the 
present  work  Cups  I  and  II  had  rough  interior  surfaces  and  27  and  28 
became  roughened  after  cleaning  with  the  aqua  regia,  so  we  may  readily 
classify  the  results  given  in  Table  VI  according  to  the  character  of  the 
interior  surface  of  the  cup.    This  is  done  in  Table  IX. 

Tabue  IX. 
Comparison  of  industons  in  voltameters  with  rough  and  smooth  surfaces. 
Smooth  surfaces  (%  loss  in  weight  on  heating) : 
0.0032,  0.0045,  0.0055,  0.0075,  0.0041,  0.0029,  0.0047,  0.0064,  +O.O0O3,  0.0003,  oxx>ii» 
0.0007,  0.0037,  0.0027,  0.0079.     Mean,  0.0037%. 

Rough  surfaces  (%  loss  in  weight  on  heating): 
0.0040,  0.0028,  0.0073,  0.0058,  0.0057,  0.0026,  0.0039,  0.0014,  0.0057,  0.0054.    Mean» 
0.0044%. 

The  difference  is  thus  only  0.0007%,  which  is  within  the  experimental 
error,  and,  therefore,  we  may  say  that  the  inclusions  on  smooth  and 
rough  surfaces  are,  so  far  as  our  experiments  go,  the  same.' 

As  to  the  magnitude  of  the  inclusions  between  the  crystals  and  cup, 
we  were  enabled  to  form  an  estimate  using  the  silver  cups  in  which  the 
silver  can  be  so  easily  scraped  from  the  cathode  while  the  cup  is  filled  with 
conductivity  water. 

The  general  procedure  was  to  wa.sh  these  deposits  tmtil  further  washing 
produced  no  change  in  the  conductivity  of  the  water  used.  Then  a  plat- 
inum cup  similar  to  the  cups  in  use  was  filled,  after  washing,  with  the  same 
conductivity  water  and  stood  beside  the  cup  under  test.  A  large  glass 
plate  was  interposed  between  the  observer  and  the  cups  while  the  silver 
was  scraped  down,  so  that  during  the  three  to  five  minutes  required  the 
breath  of  the  observer  might  not  contaminate  the  water  in  the  cups.  As 
soon  as  the  scraping  was  complete  the  conductivity  of  the  water  in  the  cup 
under  test  and  the  blank  also  were  immediately  measured  in  a  conduc- 
tivity cell  of  the  pipet  form.*  The  net  restdt  found  represents  the  increase 
due  to  the  silver  nitrate  Uberated  by  scraping  the  silver  and  also  all  other 
causes  of  increase  of  conductivity,  except  the  effect  of  temperature  which 
was  under  control.    Consequently  the  values  found  are  maximum  values 

*  Loc,  cit,,  p.  16. 

*  Bur.  Standards  Bull.,  xx,  557,  reprint  No.  240. 

*  Compare  Jaeger  and  von  Steinwehr,  Z.  Instrumentenk.,  35,  233  (19x5)* 

«  This  was  the  same  cell  used  by  Hulett  and  Vinal,  Bur.  Standards  Bull.,  11 » 558,  re- 
print No.  240. 
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and  the  silver  nitrate  calculated  bom  the  increase  in  conductivity  is 
probably  too  large.  In  the  first  experiment  the  value  found  is  consider- 
ably larger  than  in  the  others.  This  is  probably  due  to  imperfect  tech- 
nique before  we  learned  the  best  way  of  doing  the  experiment.  The  re- 
sults are  given  in  Table  X. 

Table  X. 
Indusioiis  between  crystals  and  cup. 

Equivalent  AsNOi  for  iocrcMt  In  conductiTity. 
Date.    1915. 

Aug.      9 


18. 


Cup. 

Mg. 

VI 

0.04  (omitted  horn  mean) 

V 

O.OI 

V 

0.0052 

VI 

0.0078 

Mean,  0.0076  mg.,  0.0002%  of  the  deposit 

The  amount  of  silver  nitrate  trapped  behind  the  crystals  is,  therefore, 
very  small  and  consequently  it  is  not  surprising  that  Table  VIII  shows 
so  close  an  agreement  between  the  inclusions  determined  for  the  silver 
removed  from  the  cathode  and  otherwise. 

{e)  Indusioiis  in  Sibrer  Deposits  from  Less  Pore  iffleetrolytes. — In 
two  experiments  we  used  electrolytes  manifestly  less  pure  than  in  the 
other  experiments.  For  one  of  these  we  purposely  added  filter  paper  to 
the  electrol3rte  and  in  the  other  the  impurity  manifested  itself  by  a  con- 
siderable volume  effect  which,  being  larger  than  the  average  experimental 
error,  we  regard  as  evidence  of  impurity.  These  results  are  given  in  Table 
XI. 

Tabl9  XI.      . 

Estimated  inclusions  by  heating  the  cups  with  deposits  from  impure  electrolytes. 

Date. 

1915.  Cup.  I4OM  in  wt.  %.  Remarks. 

July   2 95        0.0067        Filter  paper  put  in  electrolyte 

Filter  paper  put  in  electrolyte 

Filter  paper  put  in  electroljrte 

Filter  paper  put  in  electrolyte 

28 95        0.0106        Volume  effect  of  7  in  100,000 

Volume  effect  of  7  in  100,000 

Volume  effect  of  7  in  100,000 

Volume  effect  of  7  in  100,000 

Volume  effect  of  7  in  100,000 

Volume  effect  of  7  in  100,000 

Mean,  0.0097 

The  inclusions,  therefore,  appear  to  be  more  than  twice  what  was 
found  in  the  case  of  pure  electrol3rte.  This  is  in  accord  with  the  view  ex- 
pressed by  the  Bureau^  several  years  ago  that  the  presence  of  impurities 
of  a  colloidal  nature  which  break  up  the  crystalline  structure  of  the  silver 
win  increase  the  inclusions  in  the  deposited  silver. 
1  Bur.  Standards  Bull.,  10,  5x7,  reprint  No.  220. 
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95 

0.0067 

92 

O.OZI8 

27 

0.0071 

28 

0.0097 

95 

0.0106 

92 

0.0102 

27 

0.0118 

28 

0.0095 

I 

0.0102 

2 

0.0093 
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Date. 
1915. 

June  14  Large 
Small 
16  Large 
Small 
24  Large 
Small 
Large 
Small 

July  2  Large 
Small 
Large 
Small 
9  Large 
Small 
Large 
Small 
28  Large 
Small 
Large 
Small 


Tablb  XII. 
Analysis  of  deposits  with  reference 

A. 
Lwge— 


Deposit 

before 

heating. 

Mg. 

4095.69 
4095.57 
3975.84 
3975.63 
4375.07 
4375  00 

4375.25 
4375.10 
4221.87 
4220.90 
4222.46 
4220.93 
4180.13 
4180.13 
4x80.09 
4180.13 

4339.94 
4339.66 
4339.84 
4339.50 


Mg. 

+0.12 

+0.21 
+0.07 
+0.15 

+0.97 

+  1.53 

*o.oo 
— 0.04 

+0.28 

+0.34 


Deposit 

after 

heating. 

Mg. 

4095.56 

4095.39 

3975.62 

3975-33 

4374.94 
4374.80 

4375.07 
4374.82 

4221.59 
4220.60 
4221.98 
4220.52 
4180.14 
4180.08 
4180.08 
4180.10 

4339  48 
4339.15 
4339.40 
4339.09 


to  the  volume  effect. 

A. 


Remarkt. 


small. 
Mg. 

+0.17 
■fo.29 
+0.14 
+0.25 
+0.99 
+  1.46 
+0.06 
— 0.02 

+0.33 
+0.31 


Silver  nitrate 
as  purchased 

Filter  paper 
in  electrolyte 
Note  VQtume  effect 


Total  A's,     4-3 .63  +3 .  98 

(/)  The  Volume  Effect — ^Richards  and  Anderegg,  ^  explaining  the  volume 
effect,  attribute  it  to  a  surface  effect  and  daim  the  inclusion  to  be  greater 
in  the  larger  cups,  so  that  when  both  large  and  small  cups  are  heated  the 
resultant  deposits  are  in  agreement.  We  have  examined  all  our  experi- 
ments with  this  point  in  view  and  we  give  in  Table  XII  an  anal3rsis  of  all 
those  in  which  a  comparison  of  our  large  and  small  cups  (No.  92  and  No. 
95  large  size,  No.  27  and  No.  28  small  size)  was  made  with  subsequent 
heating,  except  for  the  experiment  of  July  20th,  in  which,  as  we  stated  on 
page  505,  the  results  with  the  small  cups  were  anomalous.  This  table 
includes  the  results  of  deposits  from  ptu-e  solutions  in  which  the  volume 
effect  was  very  small  or  absent  altogether  and  also  the  results  of  deposits 
from  imptu-e  solutions  in  which  the  volume  effect  is  large.  The  table 
shows  that  heating  the  deposits  to  expel  the  inclusions  did  not  make  the 
difference  between  large  and  small  deposits  any  less'  as  Richards'  theory 
would  call  for,  but  on  the  other  hand  the  difference  became  a  trifle  laiiger, 
on  the  average  0.03  mg.  for  each  comparison  which  is  perhaps  as  good 

^  Loc,  cU,,  p.  x6. 

>  Examining  the  results  of  Lord  Rayleigh  and  Mrs.  Sedgwick  we  find  the  same  thing. 
Their  large  cup  deposits  lost  0.013%  and  their  small  cup  deposits  lost  0.009%.  The 
difference  between  these  results  is  well  within  their  experimental  enror. 
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an  agreement  as  could  be  expected.  Richards'  results  could,  however,  be 
explained  on  his  theory  by  the  assumption  that  the  platinum  black  from 
previous  heatings  was  not  entirely  eliminated  before  making  the  deposit. 
In  such  a  case  for  two  cups  equally  alloyed  the  amount  of  platinum  black 
would  be  proportional  to  the  surface  of  the  cup.  This,  even  with  pure 
electrolyte,  would  probably  show  an  apparently  heavy  deposit  in  the  large 
cup  as  our  results  on  p£^  504  indicate  and  this  deposit  would  also  lose 
the  most  on  heating  to  a  high  temperature,  hence  the  two  deposits  would 
appear  to  draw  together.  The  results  of  Table  XII  emphasize  the  previous 
viewpoint  of  the  Bureau  that  the  purity  of  the  salt  used  for  the  electro- 
l3rte  is  the  determining  factor  in  the  volume  effect. 

8.  Experiments  on  the  Anode  Liquid. 

Many  lines  of  evidence  led  the  Bureau  to  the  conclusion  stated  in 
Part  I*  of  the  recent  voltameter  papers  that  the  effects  of  the  supposed 
anomalous  substance  formed  at  the  anod^  during  ■  electrolysis  were  in 
reality  due  to  impurities  present  in  the  solution,  as  for  example  filter  paper. 
The  Bureau  has  not  found  it  necessary  to  change  this  view,  but  in  the  pres- 
ent work  we  have  tried  two  further  experiments  on  the  anode  liquid. 

The  first  experiment  was  suggested  to  us  by  the  remark  of  Richards 
and  Anderegg'  that  the  reasons  most  observers  had  failed  to  find  this  pe- 
culiar compound  in  the  anode  liquid,  is  because  they  delayed  testing  for 
it  until  the  compound  had  become  oxidized  and  vanished.  Accordingly, 
we  drew  four  10  cc.  samples  of  the  dense  anode  liquid  (17%,  the  original 
electrolyte  was  10%)  from  inside  the  porous  cups  of  the  voltameters  of 
Aug.  i8th.  The  electrolyte  of  this  experiment  was  quite  pure  as  judged 
by  the  permanganate,  acidity  and  volume  effect  tests.  The  four  samples 
of  anode  liquid  were  taken  within  one  minute  after  the  electrical  circuit 
was  broken.  Bach  was  put  in  a  stoppered  glass  tube  and  acidified,  then 
one  cc.  of  0.001  N  KMn04  was  added  to  each  tube  and  all  shaken  to  mix 
the  contents.  The  whole  operation  consumed  less  than  five  minutes. 
The  times  required  for  the  permanganate  color  to  fade  were  noted.  They 
were 

42;  53;  70;  70;  mean,  59  minutes. 
We  do  not  think  that  our  anode  liquid  contained  the  oxidizable  com- 
pound spoken  of  by  Richards,  else  the  color  of  so  smaU  a  quantity  as  i  cc. 
of  o.ooi  N  KMn04  would  hardly  be  expected  to  last  for  an  hoiu". 

Our  second  experiment  on  the  anode  liquid  was  suggested  by  the  use 

of  the  alundtmi  porous  cups  in  an  experiment  described  by  Richards 

and  Anderegg.'    They  used  the  porcelain  porous  cup  to  hold  back  the  anode 

compound  and  the  very  porous  alundum  cup  to  let  it  through.    We  thought 

1  Bur.  Standards  Bull.,  9,  151,  reprint  No.  194. 

*  Tms  JovKNAL,  37»  686  (1915)* 

•  Ibid,,  37f  685  (1915). 
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that  a  slightly  different  arrangement  of  the  porcelain  and  alundum  cups 
would  perhaps  throw  more  direct  light  on  the  matter.  A  previous  ex- 
periment showed  that  our  alundum  cup  permitted  water  to  pass  through 
its  pores  about  sixty  times  as  fast  as  it  passed  through  our  poroelain 
(Pukal)  porous  cups. 

We  arranged  three  voltameters.  One  was  a  normal  voltameter  with 
the  ordinary  porous  cup,  the  second  was  similar  to  the  first  except  that 
an  alundum  porous  cup  was  used  in  place  of  the  porcelain  porous  cup. 
The  third  had  a  porcelain  porous  cup  fitting  snugly  inside  of  an  alundum 
porous  cup.  The  alundmn  and  poroelain  cups  were  all  prepared  similarly 
an^l  as  described  by  the  Bureau.^  According  to  the  theory  of  Richards, 
the  deposits  in  the  first  and  third  voltameters  should  agree  and  both  be 
lighter  than  the  deposit  in  the  second,  but  on  the  other  hand  if  the  heavy 
anode  compound  with  excess  silver  is  non-existent  then  the  second  and 
third  should  agree  and  if  heavier  than  the  first  this  shows  that  the  alimdum 
cups  are  responsible  for  introducing  impurities  into  the  solution.  The  re- 
sults of  this  experiment  were  as  follows: 

Mg. 

The  first  (normal  voltameter) 4327 .08 

The  second  (altmdum  cup) 4327 .38 

The  third  (alundum  cup  with  porcelain  porous  cup  inside) 4327 .44 

These  results,  therefore,  tend  to  confirm  the  previous  views  of  the  Bureau 
that  the  anode  reactions  produce  no  effect  whatever  in  the  quantitative 
measiu-ements^  of  the  silver  deposited. 

This  work  has  been  done  at  the  Bureau  of  Standards  under  the  direc- 
tion of  Dr.  E-  B.  Rosa.  We  have  also  been  forttmate  in  having  the 
help  of  Prof.  G.  A.  Hulett.  The  investigation  is  being  continued  under 
the  direction  of  Prof.  Hulett  by  one  of  the  present  authors  (Bovard)  in 
the  Princeton  laboratory. 

9.    Summary. 

(i)  We  have  heated  a  nmnber  of  silver  deposits  to  temperatures  slightly 
above  600®  both  with  a  flame  and  in  an  electric  furnace  and  have  fotmd 
the  losses  in  weight  to  indicate  inclusions  of  foreign  matter  in  the  deposits 
to  be  0.0040%  on  the  average  for  pure  electroljrte  and  higher  for  impure 
electrolytes. 

(2)  We  have  found  that  such  heating  of  the  deposits  produces  an  alloy 
of  silver  and  platinum,  which,  when  the  silver  is  dissolved,  leaves  a  layer  of 
platinum  black  that  may  lead  to  serious  errors  the  next  time  the  cup  is 
used  if  proper  precautions  are  not  taken. 

(3)  We  are  led  to  conclude  that  the  most  accurate  absolute  value  for 
the  electrochemical  equivdent  of  silver  is  1.11800  mg.  per  coulomb  and, 

^  Bur.  Standards  Bull.,  9,  185,  reprint  No.  194. 

'  Boltzmann  (Loc.  cit.)  made  experiments  on  the  anode  liquid  and  also  found  it 
without  effect  on  the  deposited  silver. 
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therefore,  the  value  of  the  Faraday  becomes  96,494  absolute  coulombs* 
but  for  general  purposes  96,500  as  a  round  number  is  recommended. 

(4)  Inclusions  in  silver  deposits  made  on  smooth  platinum  surfaces 
are  the  same  to  within  the  experimental  error  as  when  the  deposits  are 
made  on  matte  surfaces. 

(5)  Inclusions  between  the  crystals  and  cup  have  been  measured  by  an 
application  of  the  conductivity  method  and  are  found  to  be  a  negligible 
part  of  the  total  inclusions  which,  with  pure  solutions,  were  about  four 
parts  in  a  hundred  thousand. 

(6)  In  cases  where  the  deposit  in  large  cups  exceeds  that  in  small  cups 
(that  is  where  the  'Volume  effect"  is  appreciable)  we  do  not  find  that 
strong  heating  of  the  deposits  diminishes  the  difference. 

(7)  Two  experiments  on  the  anode  liquid  support  the  Bureau's  previous 
conclusions  as  to  the  non-existence  of  the  heavy  anode  ion. 

Wasbinotom.  D.  C. 
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Introduction. 
In  a  preliminary  article^  the  authors  described  a  static  method  for  the 
study  of  the  vapor  tension  of  aqueous  solutions,  and  gave  a  sufficient 
amount  of  experimental  material  to  demonstrate  its  reliability.  Al- 
though these  restdts  were  apparently  very  good,  when  judged  by  the 
agreement  among  the  different  determinations  made  on  a  given  solution 
at  various  times,  extending  over  periods  of  several  weeks,  the  authors 
were  not  positive  that  the  results  obtained  were  the  true  vapor  tension 
depressions  of  the  solutions  investigated.  For  this  reason  certain  altera- 
tions have  been  made  in  the  apparatus  as  originally  described.  In  its 
improved  form  it  is  believed  that  the  apparatus  is  capable  of  giving  the 
vapor  tension  depressions  of  aqueous  solutions  correctly  to  o.ooi  mm. 
or  less;  and  in  the  present  article  the  authors  piupose  to  describe  these 
alterations  in  detail  and  with  as  little  repetition  of  the  portion  contained 
in  the  first  article  as  will  make  the  description  clear.  The  accompany- 
ing illustrations,  in  which  all  essential  details  of  the  apparatus  are  given, 
will  assist  in  making  dear  such  points  as  are  not  described  here  in  de- 
tail.   The   measurements   on   potassitun   chloride   solutions  recorded  in 

^  This  Jotjbmal,  36,  2439  (1914} ;  also  Z.  physik,  Chem.,  89,  155  (1914}. 
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this  article,  have  been  made  under  these  improved  conditions  and  are 
considered  by  the  authors  to  be  reliable. 

The  principal  changes  made  in  the  apparatus  are  (i)  the  alterations  of 
the  thermostat  and  thermoregulator  designed  to  secure  a  more  nearly 
constant  temperature,  and  (2)  the  introduction  of  a  method  for  the  con- 
tinuous stirring  of  the  solvent  and  solutions  while  in  a  vacuum. 

The  Apparatus. 

Thermostat. — ^Fig.  i  shows  the  construction  of  the  constant  tempera* 
ture  bath  as  seen  in  cross-section.  The  bath  proper  is  a  cylindrical 
copper  vessel  56  cm.  high  and  61  cm.  in  diameter,  which  rests  on  a  wooden 
shelf  supported  by  four  heavy  upright  timbers  as  shown.  The  arrange- 
ment of  the  interior  is  such  that  three  separate  systems  are  symmetrically 
located  in  the  bath,  one  of  which  contains  the  pure  solvent,  water,  and 
the  remaining  two,  the  solutions  under  investigation.  The  two  bulbs  for 
solutions  are  shown  at  F  and  G.  A  is  a  V4  H.  P.  vertical  motor  of  560 
revolutions,  the  shaft  of  which  is  elongated  and  at  B  is  coupled  directly 
to  the  propeller  shaft  C.  The  propeller  D  rotates  inside  the  copper 
cylinder  E,  which  can  be  raised  or  lowered  and  fixed  at  any  desired  height 
on  the  upright  supports,  fastened  to  the  bottom  of  the  bath  and  passing 
through  slots  on  the  side  of  E.  Directly  beneath  the  propeller  is  situated 
the  compartment  L,  which  is  open  beneath  for  the  introduction  of  the 
electric  light  N,  the  source  of  heat  uaed.  About  midway  between  the 
lateral  walls  of  E  and  L  are  fixed  the  12  mm.  copper  coils  for  the  circula- 
tion of  cool  water,  the  entrance  to  which  is  seen  at  J  and  the  exit  at  I. 
At  HH  are  seen  two  of  the  vertical  plates  which  are  fixed  to  the  interior 
of  E,  the  piupose  of  which  is  to  prevent  the  rotation  of  the  water  within 
E,  and  thus  to  provide  for  more  rapid  motion  of  the  water  upward  through 
the  cylinder.  In  this  way  a  very  rapid  stream  of  water  is  constantly  drawn 
from  the  bottom  of  the  bath,  upward  through  E  and  distributed  uni- 
formly at  the  top  of  the  bath,  flowing  outward  and  downward  over  the 
coils  of  the  thermoregulator  R  (to  be  described  later)  and  the  bulbs  con- 
taining the  solvent  and  solutions.  By  this  method  of  rapid  stirring  in 
a  symmetrical  bath,  the  temperature  of  which  changes  extremely  slowly, 
all  parts  of  the  bath  are  subjected  to  the  same  temperatiue  conditions. 
The  form  and  position  of  the  very  sensitive  regulator  R  provides  for  the 
control  of  the  temperature  within  narrow  limits  over  long  periods  of  time, 
as  will  be  shown  by  records  later  on. 

The  temperattu-e  of  the  bath  is  maintained  by  means  of  the  stove  N, 
controlled  by  R,  and  the  slow  stream  of  cold  water  flowing  through  J. 
The  capacity  of  N  is  as  small  as  permissible,  and  the  flow  of  water  through 
J  is  made  such  that  N  will  always  supply  to  the  bath  an  amount  of  heat 
slightly  greater  than  is  withdrawn  by  the  current  of  water.  In  order  to 
maintain  the  same  temperattu^  conditions  in  the  bath,  when  the  tem- 
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perature  of  the  water  entering  the  cooling  coil  varies,  it  is  necessary  to 
regidate  accurately  the  flow  of  water  through  the  cooling  coil.  This  is 
accomplished  very  simply  in  the  following  way:  Hydrant  water  is 
supplied  to  a  standpipe  which  gives  a  constant  head  of  water  on  the  coil. 
To  regulate  the  flow  of  water  through  the  coil  a  section  of  the  water  pipe 
near  the  standpipe  is  removed  and  a  glass  tube  about  25  cm.  long  in- 
serted. The  internal  diameter  of  this  tube  is  small  enough  to  reduce  the 
flow  of  water  the  proper  amount  by  friction.  This  arrangement  makes 
it  possible  to  send  a  very  slow  stream  of  water  continuously  through 
the  coils,  which  is  not  possible  with  an  ordinary  stopcock.  When  the 
attempt  is  made  to  regulate  a  very  slow  stream  of  water  by  means  of  a 
stopcock,  the  flow  will  ultimately  stop  entirely,  due  to  the  separation  of 
dissolved  air,  or  the  collection  of  sediment,  at  the  opening  of  the  stop- 
cock. One  can  prepare  a  series  of  such  tubes  of  varying  internal  diameter 
and  by  trial  ascertain  the  diameter  required  by  certain  temperature  con- 
ditions and  provide  for  all  desired  variations  with  Uttle  trouble.  To 
avoid  the  change  of  flow  of  water  through  the  coil,  by  the  acctunulation 
of  air  in  any  portion  of  the  tube,  all  parts  of  the  cooling  system  from  the 
standpipe  to  the  exit  from  the  bath  are  indined  upward  at  a  slight  angle 
so  that  such  quantities  of  air  as  may  separate  from  the  water  will  be 
carried  forward  by  the  stream  of  water  and  not  allowed  to  acciunulate 
in  the  system,  and  thus  change  the  rate  of  flow.  To  provide  for  the  main- 
tenance of  bath  temperatures  lower  than  that  of  the  hydrant  water 
the  regulated  stream  of  water  is  made  to  pass  through  a  coil  of  about 
4  or  5  meters  length  of  thin-walled  copper  tubing  contained  in  an  ice 
bath.  No  difficulty  has  been  encountered  in  maintaining  a  bath  tempera- 
ttu-e  of  20^  in  midstunmer. 

Thermoregulator. — ^The  thermoregulator  R  is  shown  in  detail  in  Fig.  2. 
It  is  made  of  about  5  meters  of  very  thin-walled  copper  tubing  bent  ia 
the  form  of  spiral  about  32  cm.  diameter,  as  shown.  The  connection  at 
A,  between  the  copper  coil  and  glass  portion  of  the  apparatus,  is  made 
in  the  following  manner:  A  short,  platinmn  cylinder  about  3  cm.  long  is 
brazed  to  the  end  of  the  copper  coil;  and  to  the  other  end  of  the  platinum 
cylinder  the  glass  portion  of  the  apparatus  may  be  sealed  without  diffi- 
culty. To  strengthen  this  connection  a  brass  cylinder  somewhat  longer 
than  the  platimmi  cylinder  is  placed  in  position  over  the  latter,  and  the 
space  between  filled  with  plaster  of  Paris,  which  is  protected  from  the 
water  of  the  bath  by  paraffin.  The  copper  coil  and  the  glass  portion 
of  the  apparatus  up  to  the  level  of  the  mercury  in  the  bulb  C,  are  filled 
with  toluene  through  B,  which  is  then  sealed  oflF.  The  filling  of  the 
thermoregulator  must  take  place  when  the  temperatiu^e  is  near  that  which 
it  is  desired  to  maintain  in  the  bath.  The  regulator  is  then  suspended 
by  means  of  three  supports  (not  shown  on  the  drawing)  to  the  top  of  the 
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copper  cylinder  £  (Fig.  1),  and  when  the  bath  temperature  is  sufficiently 
near  that  desired,  pure  mercury  is  introduced  until  its  level  stands  at  the 
desired  point  in  D.    Either  platinum  or  tungsten  wire  may  be  used  as  the 
adjustable   contact 
at  N.     The  side- 
tube  G  is  for  the 
introduction    of    a 
continuous    stream 
of    pure   hydrogen 
which  aids  greatly 
in  maintaining  the 
mercury  surface  at 
the  point  of  contact 
dean. 

The  gradual  foul- 
ing of  the  mercury 
surface  makes  it 
necessary  at  inter- 
vals of  2  or  3  weeks 
to  withdraw  a  little 
of  the  mercury  in  D 
and  replace  it  with 
fresh  mercury — an 
operation  requiring 
only  a  few  minutes. 
No  attention  other 
than  this  is  given  to 
thethermoregulator 
for  periods  of  a 
year  or  more.  With 
this  arrangement,  as 

constructed  by  the  ^*^*  ^• 

authors,  a  certain  amount  of  the  mercury  in  the  vertical  tube  D  was  outside 
the  thermostat  and  subject  to  the  influence  of  the  temperature  of  the  room 
rather  than  that  of  the  thermostat.  As  a  result  there  was  obs^^ed  an 
occasional  change  in  the  temperature  of  the  thermostat  from  day  to  day 
of  not  more  than  0.002**  or  0.003°.  This  occurred  only  when  there  was 
a  marked  change  in  the  temperatture  of  the  room,  and  was  always  pro- 
vided against  when  actual  measurements  were  being  made.  In  the  case 
of  all  measurements  here  recorded  a  Beckmann  thermometer  immersed 
in  the  bath  showed  either  no  change  or  a  change  not  exceeding  0.001° 
over  the  period  of  twelve  hours  during  which  observations  were  made. 

The  f oUowing  record  of  the  temperature  of  the  thermostat  will  serve 
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to  show  the  accuracy  of  regulation  which  was  secured  during  the  interval 
when  meastu-ements  were  being  made.  The  temperatures  are  as  read 
on  a  Beckmann  thermometer: 

Jan.  26,  1915.    Time,  A.M.:  11.00  11.30.  p.m.:  12.10  2.25  3.05  3.25    4.00    5.10 

Temp.      ®:  1.650  1.650  1.650  1.650  1.650  1.650  1.650  1.650 

Jan.  27,  1915.    Time,  A.M.:  10.10  10.45  1115.  p.m.:  12.01  2.00  2.55    3.45    4.35 

Temp.      ^:  1.649  1.649  1.649  1*649  1.649  1.649  1.649  1.649 

Method  of  Stirring. — It  seemed  absolutely  necessary  to  provide  some 
means  of  stirring  the  solutions  while  in  a  vacuum,  in  order  that  the  sur- 
face concentration  could  at  all  times  be  maintained  the  same  as  that  within 
the  interior  of  the  solution.  Changes  in  surface  concentration  might  be 
produced  by  removal  of  some  of  the  solvent  dining  the  process  of  eliminat- 
ing the  dissolved  air  as  described  in  oiu-  previous  article,  or  the  concen- 
tration of  the  surface  layer  might  change  spontaneously,  due  to  the  ef- 
fect of  the  solute  on  the  surface  tension  of  the  solvent.  It  is  also  very 
desirable  to  stir  both  the  solvent  and  solution  as  it  insures  the  tempera- 
ture of  solvent  and  solutions  being  that  of  the  thermostat,  and  facili- 
tates the  removal  of  the  last  traces  of  dissolved  air  after  the  introduction 
of  the  solution  into  the  apparatus. 

Fig.  I  shows  the  apparatus  for  stirring  the  solutions  in  the  two  bulbs 
F  and  G.  The  same  arrangement  is  also  provided  for  stirring  the  sol- 
vent, as  shown  at  F,  G,  and  H  in  Fig.  3.  The  device  can  be  described 
best  by  referring  to  Fig.  i,  which  shows  only  the  two  systems  for  solu- 
tions; that  for  the  solvent  is  not  shown,  but  is  identical  in  all  respects 
with  those  for  the  solutions,  and  its  description  is  tmnecessary. 

As  shown  in  Fig.  i,  the  bulbs  F  and  G  containing  the  solutions  are  situa- 
ted on  a  level  with  the  middle  of  the  bath,  commimicating  above  with 
the  portion  of  the  apparatus  for  the  elimination  of  dissolved  gases  and 
the  measurement  of  the  vapor  tension  (Fig.  3),  and  below  with  a  tube 
16  mm.  diameter  and  somewhat  more  than  barometric  height.  The 
lower  open  ends  of  these  tubes,  /  and  g,  dip  beneath  the  surface  of  the 
mercury  contained  in  the  glass  vessels  M,M.  The  whole  apparatus  is 
completely  exhausted  and,  after  the  preliminary  removal  of  the  greater 
part  of  the  dissolved  air  in  closed  glass  vessels,  as  described  in  our  original 
article,  the  solution  is  left  in  the  glass  vessel  (Fig.  4),  under  a  partial  vacuum. 
The  transfer  of  the  solution  from  the  flask  to  the  solution  bulb  F  or  G, 
as  the  case  may  be,  is  accomplished  in  the  following  manner  to  avoid  con- 
tact with  air:  File  marks  are  made  on  the  glass  tubes  A  and  C  (Fig.  4). 
One  end,  A,  is  connected  by  means  of  a  rubber  tube  to  a  reservoir  filled 
with  clean  mercury,  care  being  taken  to  see  that  the  rubber  tube  is  com- 
pletely filled  with  mercury,  and  that  A  is  well  immersed  in  the  mercury 
at  the  open  end  of  the  rubber  tube  before  A  is  broken  off.  When  these 
precautions  are  taken  the  space  in  the  flask  (Fig.  4)  not  filled  by  solution. 
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fills  with  mercury  from  the  reservoir.  The  other  glass  tube  C  is  comiected 
by  a  rubber  tube  to  a  strong  glass  tube,  the  other  end  of  which  is  drawn 
out  and  bent  upward  so  that  it  may  be  inserted  beneath  the  lower  ends 
of  /  and  g.  C  is  broken  off  at  the  file  mark  and  a  few  cubic 
centimeters  of  the  solution  forced  over  by  the  mercury  in  the 
reservoir  while  the  open  end  of  the  curved  glass  tube  dips  be- 
neath the  mercury  in  M.  The  open  end  of  the  glass  tube  is 
then  inserted  beneath  the  lower  end  of/  or  g,  as  the  case  may 
be.  The  solution  is  then  forced  from  the  flask  by  the  mercury 
contained  in  the  reservoir,  and  passes  upward  through  the  mer- 
cury column  and  collects  in  the  g^ass  bulb  F  or  G  above. 
Care  is  taken  to  introduce  just  enough  in  each  case  to  bring  the 
level  of  the  liquid  within  the  bulb  to  a  mark  made  on  the  out- 
side of  F  and  G.  When  the  surface  of  the  liquid  in  the  bulb 
is  at  this  level,  the  platinum  vanes  K,K  are  about  two-thirds 
^'  ^  immersed  in  the  liquid  within.  The  rotation  of  these  vanes  is 
accomplished  in  the  following  manner:  The  vanes  are  firmly  sealed 
into  the  upper  ends  of  the  long  glass  rods  a,a,  which  extend  down  through 
the  mercury  columns  in  /  and  g,  and  at  the  bottom  are  sealed  to  the  mid- 
dle of  the  U-shaped  rods  6,6.  The  upper  ends  of  6,6  fit  into  depressions 
on  the  under  surfaces  of  the  wooden  pulleys  d,d,  each  of  which  is  grooved 
and  belted  by  a  very  light  belt  to  the  central  loose  pulley  e,  which  in  turn 
is  belted  to  a  small  motor,  the  speed  of  which  can  be  regulated  within 
wide  limits.  In  this  way  the  simultaneous  stirring  of  the  liquids  in  all 
three  bulbs  can  be  easily  accomplished  and  can  be  continued  for  any 
length  of  time  without  any  thermal  effect  tm  the  solutions  or  solvent, 
and  while  the  whole  sjrstem  is  evacuated.  It  is  not  necessary  to  pro- 
vide any  means  of  keeping  these  stirring  devices  in  position  as  the  buoy- 
ancy of  the  glass  rods  a^a  in  the  mercury  is  sufficient.  No  trouble 
whatever  has  been  experienced  from  the  apparently  fragile  character  of 
this  device.  It  only  requires  careful  construction  in  the  beginning.  The 
whole  arrangement  is  so  satisfactory  that,  when  air  has  been  completely 
removed,  equilibrium  is  apparently  estabUsbed  in  the  Rayleigh  manom- 
eter E  (Fig.  3),  within  the  time  (3-5  min.)  required  to  adjust  the  manom- 
eter for  a  reading.  Readings,  however,  are  never  taken  until  after 
the  lapse  of  fifteen  or  twenty  minutes  after  the  adjustment  of  the  traps 
and  it  has  been  shown  that  subsequent  readings  for  periods  of  days  do 
not  vary  from  these  first  readings  by  more  than  the  variations  among  them- 
selves. During  the  preliminary  removal  of  air  in  the  closed  flasks  and 
the  complete  removal  of  air  after  introduction  into  the  apparatus,  a  cer- 
tain amoimt  of  water  is  removed  from  the  solution,  the  concentration  of 
which  is  thereby  increased.  The  amount  of  water  removed  after  intro- 
duction into  the  apparatus  can  be  calculated  quite  accurately  from  the 
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volume  filled  by  the  vapor  at  each  exhaustion  and  the  number  of  ex- 
haustions. The  change  of  concentration  of  the  solution  dtuing  the  com- 
plete process  of  removing  the  dissolved  air  has  been  determined  on  many 
of  the  solutions  of  potassiiun  chloride  investigated  in  this  article  by  evap- 
orating a  known  weight  of  the  solution  and  weighing  the  residual  potas- 
sium chloride.  The  greatest  change  of  concentration  observed  corre- 
sponded to  a  change  of  0.0002  mm.  in  the  vapor  tension  of  the  solution, 
and  we  have  made  no  correction  for  it  on  accotmt  of  the  small  change. 


•         oa  1.0  1.2 

MOLAR    CONCDITRATION 


Fig.  5. 

It  will  be  noticed  that  the  plan  of  the  apparatus  as  shown  in  Fig.  3  is 
somewhat  different  from  the  former  apparatus.  This  is  due  to  the  fact 
that  the  capacity  of  the  apparatus  has  been  doubled  by  introducing  two 
systems  for  solutions  and  to  the  fact  that  each  system  has  been  made  in- 
dependent of  the  other  two. 

The  results  obtained  from  a  study  of  aqueous  solutions  of  potassium 
chloride  at  20°  are  given  below  and  are  summarized  in  the  ensuing  table 
and  curve.  The  concentrations  employed  here  express  the  number  of 
gram  molecules  of  solute  dissolved  in  1000  grams  of  solvent. 

Experimental. 
1915  Experiment  using  0.2  M  KCl    Fmal  observations  as  follows: 

Deflec-      Depret- 
Mean.  tion.  sion. 

May4         Zero 350      340      330      3.40I 

Reading 22.40    22.40    22.25     22.35/      '   ^^^    0.1105 

Zero 305      3.00      3.10      3.05! 

Reading 22.00    21.80    21.80    21.83/  "^      o  1095 


Digitized  by  VjOOQIC 


524  B.  F.  tOV^LACE,  J.   C.   W.  PRAZER  AND  B.   MII.LER. 


Mays         Zero 325      330      320      3.^51,      ,3^^    ^  ^^^ 


Mean.         Deflect.     Depres. 

Reading 22.00    22.05    22.00    22.02 J 

Zero 3.25      3.30      3.20      3.25!  o 

T>j,  oo<>oo  <>av      1508    0.1113. 

Reading , 22.25    22.40    22.35    22.33 J        "^  *^ 

Zero 3.25      3.30      3.20      3.25!        o 

T>j.  ojo^<>  i?»jv      18.77    0.1095 

Reading 21.90    22.15    22.00    22.02 J 

Zero 2.90      2.90      2.90      2.9o\  ^ 

1.98J       '^"^    """'^ 


Reading 22.15  22.00  2Z.8o    2 

Zero 2.85  2.90  2.90 

Reading 31.90  21.85  21.90    31.88 

Zero 2.85  2.90  3.90 

Reading 21.85  21.90  31.90    3 


May  6         Zero 3.85      3.90      3.90      2.88 \ 

o  ^         TT-  V      i^QQ    0.1108 


Zero 2.85      3.90      3.90      3.88\  „ 

.,.88/      "•«»    "•"** 


?~:. 3.05      3.«o      3.00      3.051      ,gg,    ^„^ 

Reading 21.95    21.95    21.90    21.93] 

Zero 3.05  3.10  3.00  3.05!  «  „^ 

Reading 33.00  31.90.  33.00  31.98J  ^ 

Zero 3.05  3.10  3.00  3  05\  « 

Reading 31.90  33.00  33.00  31.98J  ^ 

Zero 3.90  3.90  3.90  2.9o\  «,«<>. 

»»         J«  ^  ^  4r       f  T^O.JJ        0.1095 

Reading 21.70    31.65    31.65    21. 67  J 

JttM!,         Zero    ,.6  1.6    ..5     ..7     1.5     i-S     i.57\      „  g      ^  ,^ 

Reading 20.420.430.430.430.4  J 

Juneio       Zero. 1.7    ..651.6    1.7    1.651  ^^,^ 

Reading 30.5  30.6  20.5  20.5  20.52  j 

Mean  depression,  o.i  10  mm.    Molecular  depression,  0.550  mm. 
Experiment  using  0.4  M  KCl.    Pinal  observations  as  follows: 

Mean.  Deflect.     Depres. 

*"«-3Z«« 3.0      3.x      3..       3..  3.1   I      37.300.2,75 

■A"««2e«> a-4      ».4      2.3      2.3  2.3S|      3^„     ^  ,,y, 


Reading..  40.3    40.4    40.5    40.3  40. 

I  Zero 2.4      2.4      2.3      2.3  2. 

Reading..  39. 4    395     397     39-7     39.5     39.6    3957 J 


>      37.35     0.3173 


Zero 2.4      2.4      2.3      2.3  2.35 

Reading..   39-5     39-7     39-6    396  39-6 

Aug.7Zero 1.9      1.8      2.0      3.0      2.0  1.94!  ^ 

Reading..  39. 2     39. 3    39-4    393  39-3   J 

Mean  depression,  0.2x7  mm.    MolecttUu'  depression,  0.542  mm. 

1915.        Experiment  using  0.6  M  KCl.    Final  observations  as  follows 


Mean.       Defleet.   Depres. 


June  9    Zero     1.4    1.4      i.5      1-5     1.25  1.25  1.4  1.4  1-5  1.4  1     ^.65  0.3303 
Reading      580    50.0    58.1  58.1  58.05J 


Zero     1.6     X.6      1.5       1.7     1.5     i-5 

Reading     58. o     58.0    58.0  58.0 


l\o}   5^«  ^-^^^ 


JuneioZero    1.651.65     1.80    1.6    1.6  1.66I    ,5  .,  ^  3391 

Reading     58.2    58.0    58.1  58.15  58.1   J    ^   ^^     ^^^ 


Zero  1.7       1-6       1.65  1.7 

Reading     58.1     58.15  58.2  58.1 

Mean  depression,  0.329  mm.    Molecular  depression,  0.548  mnu 


58:S}  **•*'  •'•^"* 
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Experiment  using  0.8  M  KCl.    Pinal  obaervations  as  follows: 

Mean.         Deflect.  Depret. 

July  15    Zero 1.2       1.3       1.3  i.ayl  ^.,0. 

Reading 76.5     76.5     76.5  76.5/      ^^'^  ^"^^^ 

July  16    Zero 0.9      0.9      0.9  0.9!      .^  _,  «  ^^jw; 

Reading 76.1     76.2     76.2    76.1     76.15/      ^^ ^^        *^ 

Zero 0.9      0.9      0.9      0.9      0.9!  o  ^^ft» 

Reading 760    76.1     76.0    76.1    7605/     ^^ ^ ^        *^ 

Mean  depression,  0.438  mm.    Molecular  depressioa,  0.547  mm. 

1915.  «    Experiment  using  0.9  M  KCl.    Final  observations  as  follows: 

June  30  Zero —1.65—1.55    —160    (negative)    --i.6o\  «  .«•« 

Reading..     83.1      83.1        83.0        83.0             83.05/     ^^^  ^^'** 

July  2     Zero. 2.2        2.2  2.25        2.30  2.25)      ^ 

Reading..     86.8      86.8        86.75      86.7              86,76/      ^'^^  0-4927 

Julys    Zero 1.8        1.9          2.0          2.0                1.92!      «^  -^  0^0,, 

Reading..     86.6      86.6        86.5        86.7              86.6  /      ^  °*^^^ 

July9    Zero 2.0        2.1'        2.0          2.1                2.05!  n  .ift^* 

Reading..     86.6      86.8        86.7        86.7             86.7  J        *  ^  *'^^ 

July  16  Zero 0.9        0.9         0.9  0.9  \      »    ^ 

Reading..     85.5      85.6        85.5        85. 6             85.55/      ^^^  ®'^^^^ 
Mean  depression,  0.493  mm.    Molecular  depression,  0.548  mm. 

1914.         Experiment  using  1.0  Af  KCl.    Final  obsovAtions  as  follows: 

Mean.         Deflect.     Depret* 

Bee.  II    Zero 8.2        8.2        8.2  8.2o\  ^ 

«    J.  r     9380    0.547 

Reading..  102.0    102.0    102.0  102. 00  J 

Zero 8.2        8.2        8.2  8.2o\  « 

T»     J-  >      93-8o    0.547 

Reading 102.0     102.0    102.0  102. 00  j  ^' 

Dec.  12    Zero 8.1        8.1        8.2  8.13I  ^ 

Reading 101.9     101.9  101.8  101.87/     ^^'^^    0-5460 

Dec.  16    Zero 8.8        8.8        8.8    8.7    8.9        8.80I 

Reading 102.6    102.5  102.7  102.60/     ^^'^    °'^*^ 

Mean  depression,  0.547  mm.  Molecular  depression,  0.547  mm. 

Experiment  using  1.2  if  KCl.    Pinal  observation  as  follows: 

Aug.aZero 30      3.1      3.1      3.1  3.1  1  n,  go  o  663A 

Reading...  117. o  116. 9  116.9  116.85  116. 9  117. o  116.90/  '      * 

.Aug.4Zero 2.8      2.9      3.0      2.9  2.9  \ 

Reading...   116.65  116.65  "6.6  116. 6  116.63/  "3-73  0.0028 

Aug.5Zero 2.8      30      30      30  2.95!    „^  u,  ^  x^,- 

Reading...   116. 6  116. 5  116. 6  116. 8     116. 6  116. 6  /    "3050.0025 

Zero 2.9      3.0  2.95I  ^ 

Reading...   116.6  116. 6  116.8  116. 5     116. 7  116. 6  /    "3.&5  0.0025 

Aug.7Zero 1.8      1.9      1.9      19  i.87\    ,„  ^,-^  ^^, 

Tk  «•  >        113.03     O.O623 

Reading...   115.5  "55  "55  "5-5  "5-5   J        '^    •'-  * 

Mean  depression,  0.663  mm.     Molecular  depression,  0.552  mm. 
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1915.       Experiment  using  1.5  M  KCl.    Pinal  observations  as  follows: 

Mean        Deflect.     DepKS. 

Mar.  9   Zero 7.10      7.20      7.10  7-i3\  g 

Reading    148.60  148.80  148.70  148.70/    '^^'^^  0.M55 

Mar.ioZero 6.25      6.35      6.40      6.40  6.35!    1^,7708267 

Reading    148.15  148.  zo  148.10  148.15  148.12/ 

Zero 6.00      6.00      6.00  6.oo\  ^         „ 

_,      ,.  of    141.81  0.827 

Reading    14770  147-95  14770  147. 9©  14781  J 

Mar.  12  Zero 6.10      6.10      6.05  6.o8\  ^         »  ^ 

^      ,.  ^0  }    H'-^  o,8a6 

Reading    147. 70  14765  147. 80  147.72  J      ^    ^ 

Zero 7.00      7.05      7.10  7-051  /;•       » 

Reading    148.60  148.70  148.85  148.60  148.66/    '^^     '  0.8257 

♦Zero 6.10      6.10      6.05  6.o8\  „     ^ 

_,      ..  -  -     o  >  .140.90  0.82x6 

Reading    146,95  147.00  147.00  146.98  J      ^^ 

•Zero 700      7.05      7.10  7.05I     140  Q2  o  8217 

Reading  148.00  147.90  148.00  147.97/ 

Zero 7.10      7.05       7.20      7.00  7.15  7.10      7.10I     ,.x  t6  o  82dA 

Reading  148.40  148.45  148.50  148.50  148.46/      ^  '^       -44 

Mar.  16  Zero 6.30      6.30      6.30  6.30I 

Reading  147.95  14780  147.75  X47.90  147.85/    ^^''^^  0.8255 

Zero 6.95       7.00      6.95  6.97I 

Reading  148.50148.65x48.65148.65  148.61/    *4i -64  0.826 

Mar.  17  Zero 6.15      6.20      6.15  6.17I 

Reading  147.90  147^90  147-85  147.88/    '*''^'  0.8265 

Zero....        6.90      6.90      6.95  6.92I 

Reading  148.45  148.60  148.50  148.45  148.50/    '41580.8257 

Mar.  18  Zero 6.05      6.10      6.05  6.07I 

Reading  147.75  14765  147. 85  147. 75  147.75/    '^''      ^        * 

Zero 6.80      6.80      6.85  6.82I 

Reading  148.30  148.35  148. 40  148. 45  148.37/    *^'*^^  0.8255 

Zero 6.0s      6.10      6.05  '  6.07I 

Reading  147. 65  147. 75  i47-8o  147. 73/    '^''       ° 

Zero 6.80      6.80      6.85  6.82) 

Reading  148.40  148.35  148.35  148.37/    '*''^^  ^-^^SS 
Mean  depression,  0.826  mm.     Molecular  depression,  0.550  mm. 

Experiment  using  2.0  Af  KCl.    Pinal  observations  as  follows: 

Mean.  Deflect.  Deprca. 

Mar.2oZero 6.95  7.00        7.05  7.00I  ,0^^  ^ 

Reading 196.00  196.05  196.00  196.02/  ^^'^  ^-'^'^ 

Mar.  22   Zero 6.70  6.80        6.85  6.75        6.78I  ,0^  .^ 

Reading....  19585  195. 90  195. 95  19590/  ^'  1.1025 

Zero 6.35  6.30        6.40  6.35I 

Reading....  195.30  195. 40  19540  19537/  ^^'^  1.1018 

Zero 6.40        6.30        6.30  6.33!        ^_ 

}      188.00     1.1012 
Reading....   195.20     195.25     19520  19522/  ^'^ 

♦These  readings  have  been  omitted  in  taking  the  mean,  sinoe  it  is  apparent  that 
the  deviation  is  too  great  to  admit  of  their  being  correct. 
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Ifcaa.  Deflect.      Depres. 

^■: J-9°        '•*        *•'*'  ^M  ,«9.o.     ..10,8 

Reading 196.00     195. 95     i95-90  19595] 

25ero 6.90        7.00        6.90  6.93!         .  . 

•.     .,  ^  f  189.0a     1.1018 

Reading 196.00    195-95     I95-90  I95-95J 

Z««> 6.40        6.30        6.30  6.33!  jgg  J 

Reading i95-30    i95*30    195-25  X95-a8J  *^^  ^ 

Zero 6.30        6.30        6.30  6.30!        ^o 

"^  •^  ^^>  18S.92     1.1013 


Reading —  195.20    195.30    195-35  195.22 

Z«ro 7.00        6.95        7.00  6.98^      i33  g, 

Reading....   195.90    195.90    195.90  Z95-9o/ 

Mean  depression,  1.1017  mm.    Molecular  depression,  0.551  mm. 


TaBXJLATIOM  0»  RB8DLT8,  TsmftATUSS  20.0*. 

CoaocBtretioo.  Obaerrcd  Moleculsr 

Mote  KCl  per  1000  g.  HiO.  deprc««ioD.  depreseioii. 

0.2  o.iio  0.550 

0.4  0.217  0.542 

0.6  0.329  0.548 

0.8  0.438.  0.547 

0.9  0.493  0.548 

i.o  0.547  0.547 

1.2  0.663  0.552 

1.5  0.826  0.550 

2.0  1. 102  0.551. 

Sunuiifiry* 

(i)  In  the  foregoing  article  the  authors  have  described  certain  changes 
which  have  been  made  in  the  form  of  the  apparatus  since  the  publica- 
tion of  their  original  artide,  including  (a):  A  thermostat,  the  tempera- 
ture of  which  can  be  maintained  constant  to  o.ooi ^  for  periods  of  twelve 
hours  or  more;  (6)  a  simple  mechanical  device  for  continuous  stirring  of 
the  solution  and  solvent  while  in  vacuum,  and  (c)  a  more  sensitive  McLeod 
gauge  for  measuring  the  residual  air  pressure  after  the  absorption  of  the 
water  vapor. 

(2)  Actual  observations  of  the  vapor  pressure  lowering  are  made  only 
after  the  McLeod  gauge  shows  a  residual  air  pressure  of  less  than  o.oooi 
mm. 

(3)  Under  these  conditions  the  vapor  pressure  lowering  of  a  given 
solution  remains  constant  for  days  to  o.ooi  mm.  as  shown  in  the  table 
of  measurements  above. 

(4)  Solutions  of  potassium  chloride  varying  in  concentration  from  0.2 
Jlf  to  2 .0  M  have  been  studied. 

(5)  It  has  been  shown  by  the  analysis  of  the  solutions  from  the  ap- 
paratus after  the  measurements  have  been  made,  that  the  change  of  con- 
centration of  the  solutions  during  the  process  of  removing  the  dissolved 
air  and  measuring  the  vapor  tension  lowerings  is  small  enough  to  be 
selected. 
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(6)  The  most  striking  feature  of  the  experimental  results  is,  that  for 
all  concentrations  investigated,  the  molecular  lowering  of  vapor  tension 
is  the  same.  Thus  the  lowering  of  a  o. 2  M  solution  is  o.  1 10  mm.,  while 
that  of  the  2.0  M  solution  is  1.1102  mm.  Similar  results  have  been, 
obtained  by  Tower  and  Germann^  from  a  study  of  the  vapor  tension  of 
alcohoUc  solutions  of  potassium  bromide  and  Uthiimi  chloride.  Whether 
this  phenomenon  can  be  explained  by  the  combination  of  the  solvent  and 
solute,  as  suggested  by  Tower  and  Germann,  cannot  be  decided  until 
the  rigid  appUcability  of  Raoult's  law  has  been  tested  with  some  non- 
electrolyte  over  the  same  range  of  concentration.  This  the  authors 
purpose  doing  as  soon  as  possible. 

Baltocors,  Md. 


THE  EQUATION  OF  STATE  FOR  GASES  AND  LIQUIDS. 

By  F.  H.  MacDouoalIt. 
Received  October  6,  1915. 

Van  der  Waals'  equation,  (p  +  o/t;*)  {v  —  b)  -  RT,  has  for  thirty 
years  been  accepted  by  chemists  and  physicists  as  a  most  valuable  guide 
in  the  study  of  the  behavior  of  gases  and  hquids.  On  the  other  hand, 
the  limitations  of  the  equation  of  the  distinguished  Hollander  have  also 
come  to  be  generally  recognized.  From  any  two  of  the  three  quantities, 
critical  temperature,  critical  pressure  and  critical  volume,  the  theory  of 
van  der  Waals  enables  us  to  calculate  a  and  b.  But  if  from  the  values  of 
a  and  b  so  obtained,  we  calculate  the  third  critical  quantity,  our  result 
will  be  widely  at  variance  with  the  facts.  This  is  also  evident  when  we 
remember  that  the  theory  of  van  der  Waals  requires  that  the  critical 
density  shall  be  2.67  times  that  of  an  ''ideal"  gas  tmder  the  same  condi- 
tions of  temperatiu-e  and  pressure,  whereas  in  all  cases  hitherto  investi- 
gated the  ratio  is  much  larger,  usually  about  3.7.  Most  of  the  modifica- 
tions of  the  equation  attempt  to  meet  this  condition  of  affairs,  but  are  tm- 
able  to  raise  the  ratio  above  three. 

Now  there  seems  to  be  no  doubt  that  the  general  ideas  underlying  the 
theory  of  van  der  Waals  are  of  great  value,  enabling  us  to  obtain  a  better 
insight  into  the  nature  of  gases  and  liquids.  It  would  seem  to  be  worth 
while  inquiring  whether  another  method  of  deriving  the  equation  of  state 
is  not  theoretically  sounder  and  more  justifiable. 

Van  der  Waals*  method  of  applying  a  correction  to  the  voliune  of  the 
gas  seems  to  be  correct  in  principle,  although  the  correction  represented 
by  the  letter  b  may  not  be  a  "constant."  Leaving  out  of  account  the 
surface  layer  of  unknown  thickness,  the  pressure  throughout  the  fluid 
should  undoubtedly  be  represented  by  the  expression  RT/t^  —  6.  Owing, 
however,  to  unbalanced  molecular  forces  in  the  stnface  layer  directed  to- 
»  This  Journal,  36,  2449  (1914). 
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wards  the  interior,  the  external  pressure  will  be  less  than  RT/v  —  6  by 
the  pressure  due  to  the  unbalanced  molecular  forces.  Van  der  Waals 
assumes  this  molecular  pressure  to  be  represented  by  a/v*  and  thus  ob- 
tains his  equation 

^    RT a_ 

'V  —  b         V* 

Now  it  may  well  be  that  in  order  to  obtain  the  external  pressure,  we 
should,  instead  of  subtracting  a  term  from  RT/t;  —  b,  multiply  it  by  a 
function,  which  will  of  course  always  be  less  than  unity.  This  is  the  re- 
sult that  Dieterici^  has  obtained,  and  I  shall  indicate  as  briefly  as  possi- 
ble his  method  of  reasoning. 

In  the  interior  of  a  fluid  the  attractive  forces  between  the  molecules 
are  balanced;  only  near  the  stuiace  are  the  molecules  subject  to  an  un- 
balanced force  directed  towards  the  interior.  Molecules  with  suffi- 
ciently low  velocities  moving  towards  the  siu-face  will  be  unable  to  reach 
it,  while  all  molecules  moving  from  the  surface  towards  the  interior  will 
be  assisted  by  the  force  directed  inward.  The  result  will  be  that  the 
density  of  the  surface  layer  will  decrease  from  the  interior  towards  the 
surface,  where  its  value  will  depend  on  the  external  pressure.  Only  mole- 
cules having  a  velocity  greater  than  a  certain  value  will  be  able  to  pene- 
trate this  inhomogeneous  layer  and  exert  a  pressure  on  the  walls  of  the 
containing  vessel.  If  we  can  determine  what  fraction  of  the  total  num- 
ber of  molecules  has  a  velocity  greater  than  a  fixed  value,  then  the  ex- 
ternal pressure  (p)  will  be  that  fraction  of  the  pressure  in  the  interior, 
RT/t^  —  b.  Now  if  a  be  the  most  probable  speed,  and  5  be  the  speed  a 
molecule  must  possess  in  order  to  be  able  just  to  penetrate  to  the  surface^ 
then  the  fraction  we  are  considering  is  calculated  to  be  e"^^*^,  where  e 
is  the  base  of  the  natural  logarithms.  If  we  introduce  the  speed  c,  the 
square  root  of  the  mean  of  the  squares  of  the  speeds,  we  have  c*  =  */jia* 

and  our   fraction   becomes  «'Vi<:*.     If   m  be  the  mass  of  a  molecule 

and  n  the  number  of  molecules,  the  expression  may  be  written  e   v»«mc«  =» 

_  VfflW£» 

e  RT  .  Now  ^/ifns^  is  the  work  done  by  a  molecule  against  the 
molecular  forces  in  reaching  the  wall ;  we  can  therefore  write  the  follow- 
ing equation: 

p  =  -M..-A/^*  (I) 

V  —  b 
where  A  is  a  measure  of  the  work  done  by  the  molecules  in  penetrating 
to  the  stuiace.  If  now  we  make  an  assumption  as  to  how  A  depends  on 
the  voliune,  we  shall  obtain  an  equation  of  state.  Dieterici  assumes 
that  A  is  proportional  to  the  density  or  A  =  a/v  and  thus  obtains  the 
Dieterici  equation  of  state 

*  Ann.  Physik.  u.  Chem.,  xi,  700  (1899). 
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The  object  of  this  paper  may  be  said  to  be  to  study  this  equation  in 
detail  and  to  apply  it  to  a  number  of  well-investigated  substances.  The 
results  obtained  seem  worthy  of  consideration.  Dieterici  himself  showed 
that  his  equation  reproduces  the  critical  state  very  well,  and  in  particular 
gives  3.695  as  the  value  of  the  ratio  KTJpc^c*  in  close  agreement  with 
the  actual  results  obtained  by  Young  and  others.  As  far  as  I  can  learn 
from  the  available  Uterature,  Dieterici  did  not  get  much  farther  and  has 
not  persuaded  chemists  and  physicists  to  adopt  his  form  of  the  equation 
of  state.  One  great  difficulty  in  testing  the  equation  lies  in  the  fact  that 
the  "constants"  a  and  b  are  really  variables.  This  has  been  generally 
recognized  in  recent  years  and  the  view  has  been  expressed  that  they  are 
lK>th  temperatture  and  volume  ftmctions.  I  hope  to  show  that  they  are 
mainly  functions  of  the  temperature  and  that  their  variation  with  change 
in  volume  is  probably  small. 

Before  proceeding  to  study  Dieterid's  equation  further,  it  might   be 
well  to  show  its  relation  to  the  original  one  of  van  der  Waals.    Dieterici's 
equation  can  be  written,  when  the  volume  v  is  large  as  compared  with  h 
in  the  form 

RT  /    _     a    \    ^     K^  _       a 
^      v  —  b\        vRtJ         v  —  b        v(v  —  by 

which  is  virtually  identical  with  the  van  der  Waals  p  =  RT/(t;  —  b)  — 
-a/v*.  It  is  evident  then  that  all  the  results  obtainable  from  the  van  der 
Waals  equation  will  be  dedudble  from  the  Dieterid  equation  when  only 
low  pressures  are  considered.  When  a  gas  is  under  high  pressure  and,  in 
particular,  when  the  gas  is  in  the  critical  state,  the  two  equations  will 
differ  considerably.  And  it  is  to  be  noted  that  it  is  just  here  that  the  van 
der  Waals  equation  loses  its  validity,  while  the  Dieterid  equation  re- 
produces the  critical  results  in  most  cases  with  accuracy. 

Critical  State. 
The  values  of  p,  v,  and  T  at  the  critical  state  in  terms  of  a,  b  and  R 
are  obtained  by  putting  {dp/dv)x  =  o  and  {d^p/dv^)x  =  0.  If  we  plot 
the  Dieterid  equation  having  the  pressures  as  ordinates  and  the  volumes 
as  absdssae,  we  shall  get  for  different  values  of  T  the  isothermal  curves. 
The  geometrical  interpretation  of  (dp/dv)x  =  o  is  that,  when  this  con- 
dition holds,  we  have  a  horizontal  tangent;  that  is,  the  curve  has  at  this 
point  a  maximum  or  minimum  value  or  a  point  of  inflexion.  If  the  sec- 
ond derivative  also  vanishes  for  the  same  values  of  v,  the  point  is  a  point  of 
inflexion.  And  that  is  the  critical  point.  Assuming  that  a  and  b  are 
independent  of  the  volume,  we  obtain  the  following  results: 
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'/T 


,/,iiT  (RTc*  —  av  +  ab)  ^ 
i^(v  —  by 

p     /        a(v-b)\ 
v  —  b\  t;«RT    / 


P\   _  g-«/.RT  r  3RT 
Vt~  U  — 6)» 


RTo*(t(  — fc) 
2a 


aa      1 

o»(»  — 6)*J 


(3) 


(4) 


v^iv  —  b) 

>w  (dp/dv)r  will  vanish  when  v  is  infinitely  gteat,  a  value  which  does 
t>ncem  us  here;  when  v  is  equal  to  zero,  which  is  a  physically  impossi- 
^alue  since  v  cannot  be  less  than  b;  and  finally  when  RTt^*  —  av  + 
o.    From  this  equation  we  obtain 

a  =fc  Va'  —  4afcRT  .  . 

:  " ^- — •  ^'^ 

result  shows  us  tthat  there  are  always  two  horizontal  tangents,  real 

laginary  or  coincident.    The  two  tangents  coincide,  at  the  critical 

and  Equation  5  tells  us  that  at  this  point  a'  —  4^RT  =  o.    At 

ritical  point,  a  =  4fcRT^  and  therefore  the  critical  temperature  T^ 

lal  to  a//[bR;  at  the  same  time,  from  Equation  5  we  find  that  the 

il  volume  Vc  is  equal  to  a/iKTc  and  th«efore  equal  to  26.     Sub- 

ing  these  values  in  the  Dieterici  equation  of  state,  we  obtain 

_  RT^  ^  2RTg  ^      a      ^        a 

e^b  ^%  4^*6*        29.566** 

i  RT,/^^,  =  6^2  «  3.695. 

ist   results  could  of   course  have  been   obtained  by  combining- 

y)x  =  o  with  (d^p/dv^)r  =  o,  but  the  method  adopted  is  somewhat 

tr.    In  any  case,  one  can  easily  satisfy  himself  that  the  values  ob- 

[  for  Vg  and  T^  will  make  both  derivatives  vanish. 

nay  be  interesting  to  compare  these  results  with  those  derived  from 

iginal  van  der  Waals  equation. 

Vaa  der  Waals.  Dieterid. 

Vc     ^  3b  t?^     =  2fe 

T,  =  Sa/27Rb  %  =  a/4R&  (6) 

pc  «  a/276*  pc  *  a/4^6*  =  a/29.566* 

it  the  isothermals  as  given  by  the  Dieterici  equation  will  have 
me  general  appearance  as  those  given  by  that  of  van  der  Waals  wilt 
dent  if  we  consider  that  the  condition  for  a  horizontal  tangent  is 
by  Equation  5.  At  the  critical  temperature  the  two  values  of  tr 
ie;  above  this  temperature,  a*  —  4a6RT  is  negative,  the  two  values 
eoome  imaginary;  that  is,  there  is  no  horizontal  tangent.  Below 
itical  temperature,  however,  there  are  two  real  and  unequal  values 
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of  V,  correspoiiding  to  each  of  which  there  is  a  horizontal  tangent  on  the 
theoretical  isothermal.  In  other  words,  the  isothermal  cm^e  has  a  max- 
imum and  a  minimtim  value.  For  certain  values  of  p,  then,  horizontal 
lines  may  be  drawn  cutting  the  isothermal  curve  in  three  points,  giving 
three  values  of  v  corresponding  to  the  same  pressure.  It  is  dear  then 
that  the  theoretical  isothermals  as  given  by  the  Dieterici  equation  are 
quite  similar  in  their  general  appearance  to  those  of  van  der  Waals. 

The  following  results  are  set  down  here,  partly  for  reference,  partly 
so  that  they  may  be  compared  with  the  well-known  deductions  from  the 
equation  of  van  der  Waals: 

p  .  ^,-./.KT  (,) 

V  —  b 


\dv  /  r         »*(t 


»*(»  —  &)» 


[-' 


(v-b)] 
c»RT   J 


(i).-.-^.(-ir)'-""-f(-if) 

/^\  ^  v  —  b  /        I  +  a/t>RT       \ 
\<fr  )p        T      \i  —  a(v  —  6)/t;»RT/ 


(3) 
(7) 


R     ^-<./,RT  (i  +  o/pRT)  .g. 

p'  '  i—aiv  —  6)/i>,RT 

Where  u  represents  the  energy  of  the  gas, 

Assuming  a  and  6  to  be  functions  of  T, 

VdT/,     T  L        vKT      v  —  bdTt      Rv  dTJ 
The  value  of  the  product  pv  at  constant  temperature  varies  with  the 
pressure  p.    The  law  governing  this  relation  can  be  deduced  from  the 
Dieterici  equation  and  is  as  follows: 

v^ibKT  —  a)+abv 


(dXpv)\ 


(II) 


\  dp  /T  v*RT  —  av  +  ab 
This  expression  is  positive  when  6RT>a,  or  fc>a/RT,  as  must  be  the 
case  with  hydrogen  at  ordinary  temperatures  and  even  at  as  low  a  tem- 
perature as  — 147**.  If,  however,  a/RT  is  greater  than  6.  the  expression 
is  at  first  negative  for  small  values  of  p,  becomes  equal  to  zero  and  finally 
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positive  when  p  is  sufficiently  increased  or  v  sufficiently  diminished. 
When  the  expression  becomes  zero,  we  have  a  tninimiim  value  of  fv. 
The  condition  for  this  minimum  is  obtained  by  putting  t;*(6RT  —  a)  + 
dbo  equal  to  zero.  Neglecting  the  impossible  value,  v  =  o,  we  arrive 
at  the  following  relations  which  hold  when  fv  has  its  minimum  value: 

V  «  ofc/(a  — 6RT)  (12) 

Eqtiations  12,  13  and  14  can  be  used  in  calculating  the  values  of 
a  and  b,  above  the  critical  temperature. 

When  a  is  greater  than  6RT,  as  we  have  seen,  pv  at  first  diminishes 
as  p  increases;  when  a  is  less  than  6RT,  po  increases  with  p.  When 
a  =  6RT,  i.  €,t  when  T  =  a/R6,  the  minimum  pv  would  occiu*  when 
V  ^  infinity  and  />  «  o;  in  other  Words,  at  this  temperature  the  minimum 
just  fails  to  appear  and  the  pv  curve  would  be  a  horizontal  straight  line 
for  a  short  distance.  Under  these  conditions,  the  gas  would  follow  Boyle's 
law  with  great  accuracy.  If  a  and  h  were  independent  of  the  tempera- 
ture, we  should  be  abk  to  calculate  the  temperature  at  which  a  gas  would 
obey  Boyle's  law  accurately  as  equal  to  fotu-  times  the  critical  tempera- 
ture. Since  a  and  b  are  functions  of  the  temperatture,  the  temperattu-e 
calculated  in  this  manner  will  be  usually  quite  in  error.  In  cases  where 
this  temperature  is  known  accurately  for  any  gas,  we  have  a  means  of 
finding  the  value  of  the  ratio  a/b  at  this  temperature,  for  the  relation 
a  =  fcRT  may  be  written 

a/b  =  RT.  (15) 

As  an  example,  Young,  on  page  34  of  his  "Stoichiometry''  states  that  at 
about  52^,  d{pv)/dp  for  nitrogen  is  equal  to  zero.  Accordingly  at  this 
temperature,  the  ratio  a/b  »  325/273  =  1.19,  when  the  unit  mass  of 
nitrogen  is  that  which  occupies  unit  volume  at  zero,  and  a  pressure  of 
one  atmosphere. 

Equation  1 1  can  be  simplified  for  the  case  that  the  pressures  obtaining 
are  small  and  the  volumes  large.    We  obtain,  then, 
d(pv)  ^  v«(feRT— q)  ^  j  _  ^ 
dp  v^T  RT 

or 

t^L~^'^b-^.  (16) 

pi  — pi  RT 

This  equation  may  also  be  obtained  directly  from  the  Dieterid  equa- 
tion, which  for  low  pressures  may  be  written,  pv  =  RT  +  pb  —  a/v. 
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Hence  p^  —  pm  ^  (pi  —  pi)b  —  (i/vi  —  i/vi)a  «=  (pi  —  pi){b  —  a/RT) 
and  finally  Equation  i6. 

PV  Curve  at  the  Critical  Temperature. 
Some  interesting  results  are  obtained  by  appl3dng  Equations  12,  13 
and  14  when  the  gas  is  at  the  critical  temperattu-e.    In  this  case,  when 
pv  has  its  minimum  value,  the  following  relations  hold: 

p  =  3a/4e*b*  «  3/e  pc  =  1.104  p^  (17) 

^mia.  «  ct/^*b  =  2/e  p^c  =  4/^'  RTc  =  0.736  pcVc  =»  0.1991  RT^ 

The  above  results  may  be  expressed  in  words  as  follows:  At  the  crit- 
ical temperature,  the  minimum  value  of  pv  is  about  V4  of  its  value  in  the 
critical  state,  and  about  Vs  of  its  "theoretical"  value;  the  corresponding 
voltune  is  Vs  of  the  critical  volume,  and  the  corresponding  pressure  is 
about  10%  greater  than  the  critical  pressure.  It  might  also  be  added 
that  Dieterid's  equation  for  the  critical  isothermal  becomes 

p  =  a/4b{v  —  b)  ^-^/'  (18) 

which  for  low  pressures  is  equivalent  to 

p{v  +  36)  «  RT^. 
Negative  Pressures  Impossible. 

Returning  to  a  consideration  of  Equation  5,  we  said  that  the  two  values  of 
1;  given  by  this  equation  correspond  to  the  maximum  and  minimum  pressures 
on  any  thecxretical  isothermal.  '  As  is  well  known,  on  using  van  der  Waals' 
equation,  the  theoretical  minimum  pressure  is  frequentiy  negative,  since 
the  term  a/v*  may  easily  become  greater  than  the  term  RT/(tF — 6).  Using 
the  Dieterid  equation,  the  external  pressure  (for  that  is  what  p  refers  to) 
becomes  zero  only  at  the  absolute  zero  of  temperattu'e  and  under  no  cir- 
cumstances becomes  negative.  Young,  ^  describes  an  experiment  by 
Worthington,*  in  which  a  sealed  tube  completdy  full  of  a  pure  liquid  is 
cooled  slowly.  He  finds  that  in  some  experiments  the  thick-walled  tube 
actually  collapsed  owing  to  what  he  calls  the  enormous  tension.  Now 
on  both  van  der  Waals'  theory  and  on  that  of  Dieterid,  it  is  assumed  that 
there  is  no  attractive  force  between  the  mcdecules  of  the  fluid  and  the  wall. 
The  only  force  assumed  at  the  boundary  is  that  due  to  the  bombardment 
of  the  wall  by  the  molecules  which  reach  the  surface.  The  hydrostatic 
pressure  may  be  here  neglected.  In  the  absence  of  any  adhesive  force 
between  the  fluid  and  the  wall,  a  n^;ative  external  pressure  is  incon- 
ceivable. For,  assume  that  under  given  conditions,  the  pressure  directed 
towards  the  interior  and  due  to  molecular  attraction  is  equal  to  po .  The 
pressure  on  any  imaginary  tmit  area  in  the  interior  will  still  be  given 

>  "Stoichiometry,"  1908,  p.  205. 
■  Phil.  Trans.,  (A)  183,  355  (1892). 
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by  RT/(v  —  b).  Van  der  Waals'  equation  requires  us  to  imagine  that 
under  certain  circumstances  po  is  greater  tban  RT/(v — 6).  What  would 
be  the  result?  The  result  would  be  that  more  molecules  would  move 
from  the  surface  layers  to  the  interior  than  in  the  opposite  direction. 
This  would  mean  that  the  volume  of  the  fluid  would  decrease  until 
RT/(ii — b)  became  greater  than  p,  since  RT/(» — b)  must  be  greater  than 
po  in  order  that  the  number  of  mcdecules  moving  in  the  two  directions  shall 
be  equaL  For  molecules  moving  towards  the  surface  layer  have  to  over- 
come a  force,  while  those  moving  into  the  interior  from  the  surface  are 
moving  in  the  same  direction  as  the  force.  The  phenomena  described 
by  Worthington  then  cannot  be  explcdned  on  the  fundamental  assump* 
tions  either  of  van  der  Waals  or  of  Dieterid  which  do  not  consider  any 
attractive  forces  between  the  fluid  and  the  waU. 

Maximum  and  Minimum  Pressures. 
We  obtain  the  theoretical  maximum  and  minimum  pressures  on  any 
isothermal  curve  by  substituting  in  the  Dieterid  equation  the  two  values 
of  V  from  Equation  5.    Thus: 

2R^ _  2a 

•6RT  +  Va«  — 4afcRT 


2RrP 2a 


Also 


Rrr* 

0' 


-a/6RT 


and  therefore 


Vp„„.  X  Pn^.  =  ^  ^-/='**^  (19c) 

0 


According  to  Equation  19c,  the  geometric  mean  of  the  maximum  and 
ndnimum  pressure  on  any  isothermal  is  the  pressure  corresponding  to 
the  volume  26.  At  the  critical  temperature,  this  volimie  would  be  the 
critical  volume  and  the  pressure,  the  critical  pressure.  At  a  lower  tem- 
perature, the  value  of  26  will  be  different  from  the  critical  volume,  since 
we  shall  see  that  b  is  a  function  of  the  temperature.  We  shall  now  pro^ 
ceed  to  discuss  a  method  of  determining  the  value  of  b  at  different  tem^ 
peratiu-es. 

Determinaticm  of  b  at  Different  Temperatures. 

If  a  substance  is  at  a  temperature  lower  than  its  critical  temperature,  ex- 
perience teaches  us  that  a  certain  portion  of  the  theoretical  isothermal  curvt^ 
is  not  realizable.  .Instead  of  the  pressure  increasing  to  a  maximum,  falling  to 
a  mininnim  and  then  increasing  indefinitdy  as  the  volume  is  decreased, 
the  pressure  increases  to  a  certain  value  and  then  remains  constant  tmtil 
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the  gas  is  completely  condensed  into  liquid.  If  this  line  of  constant 
pressure  be  drawn  in  our  pv  diagram,  it  will  cut  the  theoretical  isothermal 
in  three  points;  and  we  know  from  thermodynamics  that  the  two  areas 
bounded  by  the  isothermal  and  the  horizontal  line,  one  above  this  line 
and  the  other  under  it,  are  equal.  Two  of  the  points  correspond  to  the 
volumes  of  the  liquid  and  the  saturated  vapor,  the  third  point  on  our 
continuous  isothermal  corresponds  in  practice  to  a  state  in  which  both 
liquid  and  vapor  are  present.  Let  vu  t%  and  u  represent  the  volumes  of 
the  liquid,  vapor  and  the  third  intermediate  volume,  all  corresponding 
to  the  pressure  of  the  sattu-ated  vapor.    We  have  then  the  equations 

RT      ._!-         RT      .  JL.         RT £-  ,     v 

Pt  =   r  ^    uRT  ^  r  e    nVLT  =  r  e    ^rt.  (.20; 

Vi  —  b  Vt  —  0  v%  —  0 

Evidently  the  product  of  the  second  and  third  expressions  is  equal  to  the 
square  of  the  fourth.    We  thus  obtain 

I         .JL/'±+±^       I     -_«- .1 

{vi  —  b){vt  —  b)  {v^  —  by 

Now  if  we  make  the  assumption  that  i/oi  +  i/v%  =  2/t^,  then,  of  course, 
{vi  —  b){vt  —  b)  =  (t% — 6*).  From  these  two  relations  the  following 
results  are  easily  deduced: 

t;*  =  26  (21a) 

1/6  =  i/vi  +  1/%  (2lfc) 

bvt  bvi  f      V 

t^i  = ;  V,  = (21c) 

%  —  b  v\  —  b 


Vi  b  Vi — b 

—  b 


\vi/         Vi  — 


(2ie) 
0 


And  finally,  for  the  pressure  at  which  Uquid  and  vapor  are  in  equilibrium, 
since  vs  »  2b,  we  obtain 

RT   --£_  ,    , 

pg  =   -—  e    26RT .  (22} 

b 
Comparing  Equations  22  with  19c,  we  see  that  the  pressure  at  which 
liquid  and  vapor  are  in  equilibritun  at  any  temperature  is  equal  to  the 
geometric  mean  of  the  maximum  and  m^mum  pressures  on  the  theo- 
retical isothermal  for  that  temperature.  Making  use  of  Equation  21b, 
and  letting  di  and  da  stand  for  the  densities  of  liquid  and  saturated  vapor, 
Equation  22  may  be  written  as  follows: 


(23) 


(di  +  d»)  RT  .  e      55t"  (24) 
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The  above  results  have  been  obtained  on  the  assumption  that  2/vt  » 
i/vi  +  i/t^.  Any  of  the  equations  numbered  21  would  of  course  be  an 
equivalent  assumption,  such  as,  for  example,  that  Vt  »  26.  Chxr  as- 
sumption may  also  be  vmtten  in  the  form  ds  »  (di  +  ^)/2,  i.  e.,  the 
third  point  on  the  theoretical  isothermal  cut  by  the  line  of  constant  pres- 
sure would  represent  a  density  which  is  the  arithmetic  mean  of  the  densi- 
ties of  liquid  and  the  saturated  vapor.  Now  what  grounds  are  there  for 
this  assumption?  In  the  first  place,  at  the  critical  temperattu-e,  Vi,  v% 
and  vi  are  all  equal  to  26  —  v^.  As  the  temperature  is  decreased,  Vi  de- 
creases fairly  rapidly  and  vt  increases  quite  rapidly,  while  the  intermediate 
volume,  v$,  might  be  expected  to  change  very  slowly.  And  in  fact,  if  a 
fv  diagram  containing  a  number  of  isothermals  below  the  critical  tempera- 
ture be  examined,  it  will  be  seen  that  the  point  where  the  line  of  constant 
pressure  cuts  the  descending  portion  of  the  isothermal  represents  a  volume 
which  does  not  dififer  much  from  the  critical  volume;  that  is,  vz  does  not 
differ  very  much,  as  the  temperature  decreases,  from  Vc  —  26^,  where  be  is 
the  value  of  6  at  the  critical  temperature.  It  seemed  very  plausible  to 
assume  that  vi  is  equal  to  2b  at  every  temperattu:e,  although  not  neces- 
sarily equal  to  2b«. 

Another  circumstance  which  led  me  to  the  assumption  that  2/^8  — 
i/»i  +  i/vi  was  a  consideration  of  the  law  of  CaiUetet  and  Mathias,^ 
according  to  which  the  mean  of  the  densities*  of  liquid  and  sattu^ted 
vapor  is  a  linear  function  of  the  temperature,  a  statement  therefore  which 
would  hold  for  dt  or  (di  +  di)/2.  Expressed  in  our  s}rmbols,  then,  dz  » 
do  +  aT,  where  a  is  always  very  small.  The  fact  that  (di  +  di)/2  is  so 
nearly  constant,  varying  only  slightly  and  uniformly  with  the  tempera- 
ture seemed  to  me  to  be  of  great  significance.  If  the  mean  of  the  densi- 
ties of  liquid  and  saturated  vapor  is  given  by  such  a  simple  relation,  it 
seemed  plausible  to  assume  that  this  mean  is  identical  with  that  given 
by  the  third  point  on  the  theoretical  isothermal.  Additional  support 
to  the  assumption  is  given  by  the  fact  that  we  found  the  geometric  mean 
of  the  maximtmi  and  minimum  presstu-es  on  any  theoretical  isothermal 

RT         a 
to   be   equal  to  —  e-  2WRt  (cf«  Equation  19^;).      Now  this  is  exactly 
b 

the  same  presstu'e  which  we  calculate  to  be  the  pressure  of  saturated 
vapor,  when  we  assume  that  vt  —  26.  It  seems  fair  to  assume  that  this 
result  is  not  simply  a  chance  mathematical  agreement,  but  that  it  corre- 
sponds to  some  ph3^cal  reality.  However  insufficient  the  grounds  for 
this  assumption  may  be,  I  have  adopted  it  in  this  paper. 

Young'  has  shown  that  in  the  equation  representing  the  law  of  Cailletet 
and  Mathias,  which  may  be  written  in  the  form  5t  =  ^o  +  aT,  the  value 

*  Compt,  rend,,  loa,  1202  (1886). 

*  "Stoichiometry/'  p.  228. 
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of  ( — dttjs^  is  approximately  unity  for  a  large  number  of  substances* 
In  this  equation,  sr  »  {di  +  dti/2  and  Sc  is  the  critical  density,  and  ^o 
would  be  equal  to  half  the  density  of  the  liquid  at  absolute  zero,  since 
at  this  temperature  the  density  of  the  vapor  would  be  zero.  If  the  law  of 
Cailletet  and  Mathias  is  assumed  to  hold  accurately  down  to  absolute 
zero  and  if  the  value  of  ( — aTc/Se)  is  exactly  unity,  one  can  easily  deduce 
that  at  the  absolute  zero,  the  density  of  a  substance  would  be  four  times 
the  critical  density.  Again,  since  sr  *"  (di  +  dt)/2  =  1/26,  we  can  ob- 
tain the  following  result: 

br  = ^ (25) 

This  result  holds  only  for  those  substances  for  which  the  law  of  Cailletet 
and  Mathias  is  valid  and  for  which  ( — oTc/sc)  is  approximately  tmity. 

It  might  be  added  that  Thorpe  and  Riicker's  formula^  for  estimating- 
the  critical  temperature  is  easily  deducible,  if  we  assume  the  law  of  Cail- 
letet and  Mathias  and  that  ( — aTc/Sc)  is  approximately  tmity.  For  if 
di  and  dg  now  represent  the  densities  of  a  liquid  at  the  two  temperatures. 
Ti  and  Tj,  sufficiently  below  the  critical  temperature,  the  densities  of 
saturated  vapor  may  be  neglected  and  we  obtain  di  =  asr^  Accordingly 
di  =  25,(2  —  Ti/Tc)  and  d^  =  25,(2  —  Ta/TJ,  from  which  we  easily 
obtain 

T«di  —  Tidt      ^ 
2{d,-d,)    "     " 
Now  Thorpe  and  Riicker's  formula  is 

T^i  -  Tid, 


T.  = 


A(di-d^)' 


where  A  varies  from  i  .926  to  2 .030  for  24  substances  with  a  mean  value 

of  1.974. 

Determination  of  a. 


From  the  rdation 


we  obtain 


RT      __!L_         RT fL 

Pt  =  :  ^   wRT  =  1  e   viSift 

Vi — p  Vi  —  b 


v%  —  Vi  Vi  —  b 


or  since,  according  to  Equation  21^,  {Vi  —  b)/{vi  —  6)  =  {vn/vi)*, 

V%  —  Vi  Vi 

Expressed  in  terms  of  the  densities  di  and  di,  Equation  26  becomes 
>  Quoted  in  Young's  "Stoichiometry/'  p.  1S3. 
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2RT      -         rfi  r  ^  \ 

ai  - J  log,  -J  .  (260) 

01  —  at  <k 

I  have  called  the  "a"  of  Equations  26  and  26a,  au  since  a  can  be  calculated 
in  several  other  wa3rs.  From  the  set  of  Equations  20,  we  obtain  the  fol- 
lowing (since  vi  ^  2b): 

Qt  «  26RT  log,  RT/f6  (27) 

Of  «-  »iRT  log,  RT/p(vi  —  b)  (28) 

04  -  viRT  log,  Rr/p(vi  —  b)  (29) 

An  investigation  of  Equations  26-29  will  show  that  Equation  29  is 
likely  to  be  the  least  accurate.  In  the  first  place  p{vi  —  b)  is  very  nearly 
equal  to  RT,  so  that  the  logarithm  of  their  quotient,  which  is  the  same  as 
the  difference  of  their  logarithms,  will  be  greatly  affected  by  small  errors 
in  the  assumed  values  of  p  and  t^.  As  regards  an  error  in  the  value  of  p, 
its  effect  on  04  will  be  tt/vi  times  as  great  as  on  Os.  Then  there  is  no  doubt 
that  usually  Vi  is  determined  more  accurately  than  v^. 

Another  method  which  I  have  used  in  calculating  a  and  b  for  hydrogen 
is  based  on  Equation- 7  or  7a.    By  Equation  7 

vRT        p/r        pdT      dlogT' 
It  the  variation  of  a  and  b  with  the  temperature  be  taken  into  account, 
we  have 

.      a      ,      T      dh         I    da       dlog/>  ,. 

t;RT       v  —  b  dm      vR  dT      dlogT 
li  in  any  particular  case,  a  and  b  are  independent  of  the  temperature 

or  if  the  expression    f  JL  *_  J.  ^\   is  equal  to  zero,  then  the 
^  \v  —  b  dt      vRdT/         ^ 

simpler  Equation  30  may  be  employed  in  determining  a,  and  hence  6. 
Latent  Heat  of  Vaporization. 
In  order  to  determine  the  latent  heat  of  vaporization,  we  must  calculate 
the  work  that  is  done  when  the  liquid  expands  isothermally  from  the  vol- 
ume Vi  to  the  volume  t^.  This  takes  place  in  practice  under  the  constant 
external  pressure  of  saturated  vapor,  p,.  The  same  work  will  be  done 
if  the  expansion  is  supposed  to  follow  the  course  of  the  theoretical  isothermal 
curve.    The  total  work  will  be  expressed  by  the  definite  integral 

^^   T-^  •*-RTlog,^^-2RTlog,5,      (31) 

if  we  make  use  of  Equation  21^.    RT/(t;  —  b)  represents  the  pressure 

throughout  the  fluid  except  in  the  surface  layer  which  is  negligible.    Ac- 

RT 
cordingly do  represents  the  total  woik  done  when  the  volume 
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increases  by  the  increment  dv.  Equation  31  includes  the  external  work, 
the  amount  of  which  is  p{v2  —  ^'l).  Hence  the  internal  heat  of  vaporiza- 
tion would  be 

I  =  2RT  log,  ^  —  pivi  —  vi).  (31a) 

Comparing  Equation  31  with  Equation  26,  we  see  that  we  may  write 

L  =  2RTlog.i!»-^-°.  (32) 

Vi         Vi         Vt 

The  expression  a/vi  —  a/vt  is  accordingly  a  measure  of  the  total  heat  of 
vaporization,  whereas  according  to  the  theory  of  van  der  Waals  it  measures 
the  internal  heat  of  vaporization  only.  Equation  32  agrees  wi.th  the  as- 
sumption made  by  Dieterici  in  deriving  his  original  equation  that  the 
work  done  by  the  molecules  in  penetrating  the  surface  layer  is  equal  to 
a/v.  According  to  Kendall,^  Dieterici  has  proposed  a  formula,  I  =  cRT 
log  ^/z;!  for  the  internal  heat  of  vaporization.  I  have  not  yet  been  able 
to  obtain  a  copy  of  the  article  in  which  this  formula  is  deduced;  it  is,  how- 
ever, to  be  noted  that  it  is  Dieterici's  formula  for  the  internal  heat  of 
vaporization  which  is  similar  to  mine  for  the  total  effect. 

Joule-Thomson  Effect. 

Our  methods  of  arriving  at  values  of  a  and  6  may  be  summarized  as 
follows:  At  the  critical  temperature,  a  and  b  can  be  calculated  from  the 
critical  data  according  to  equations  numbered  6.  Above  the  critical 
temperature,  so  long  as  pv  still  has  a  minimum  value,  use  may  be  made 
of  Equations  12,  13  and  14.  Below  the  critical  temperature.  Equations 
216  and  26  to  29  are  to  be  employed.  And  of  course  Equations  30  and 
30a  are  valid  at  all  temperatiwes  and  can  be  used  where  the  data  are 
sufficiently  accurate.  Another  method  of  finding  a  relationship  between 
a  and  b  is  based  on  the  Joule-Thomson  effect.  If  AT  be  the  change  in 
temperature,  Ap  the  change  in  pressure,  in  the  Joule-Thomson  experi- 
ments, we  have  the  following  relation:' 

^^.TW22,jz.'.A,  (33) 

If  we  substitute  for  {dv/(fT)p,  the  value  given  by  Equation  8,  we  obtain 
the  following  approximate  result: 

^^       2a/RT  — 6     .^  ,    . 

AT  «  --^ .  Ap  (34) 

Cp 
Equation  34  will  hold  most  accurately  when  only  low  pressiu*es  are  em- 
ployed.   It  is  identical  with  the  formula  derived  by  van  der  Waals  from 
his  original  equation,  as  we  should  expect.     If  the  ration  AT/Ap  is  de- 

^  This  Journal,  36,  i6ao  (1914}. 

*  Planck,  "Thermodynamik,"  1905,  p.  123. 
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termined  accurately  at  any  temperature,  we  have  a  means  of  calculat- 
ing 2a/RT  —  b;  while  by  using  Equation  16'  we  can  obtain  the  value 
of  6  —  a/RT.  Hence  we  can  find  a  and  b.  Further  discussion  of  these 
points  will  appear  when  we  apply  our  equations  to  the  experimental 
results. 

Applications. 

In  this  paper  I  have  taken  — 273 .  09®  C.  as  the  absolute  zero  of  tempera- 
ture and  22412  cc.  as  the  volume  of  a  gram-molecule  of  an  ideal  gas  under 
the  presstu-e  of  one  atmosphere.^  The  value  assumed  for  the  constant 
R  for  a  mol  is  62372  when  a  mm.  of  mercury  is  the  unit  of  pressure,  82 .  07 
when  the  unit  of  pressure  is  one  atmosphere.  The  unit  of  volume  is 
always  one  cubic  centimeter.  When  the  equations  apply  to  a  mass  of 
gas  whose  voliune  is  considered  to  be  unity  when  the  pressure  is  one 
atmosphere  and  the  temperature  is  0°  C,  the  value  of  R  is  approximately 

1/273. 

Isopentane. — Tables  I  and  II  contain  the  results  of  appl3dng  our 
equations  to  isopentane.  The  data  for  the  specific  volumes  of  hquid  and 
saturated  vapor  are  by  Young  as  given  in  Landolt-Bomstein's  Tabellen.^ 
The  observed  pressures  are  also  by  Young  and  are  taken  from  an  article 
by  Dieterid.*  The  results  refer  to  i  g.  of  the  substance;  pressures  are 
given  in  millimeters  of  mercury.  Accordingly  the  value  of  the  constant 
R  is  62372/72.09.  The  orthobaric  volumes  of  hquid  and  vapor  are 
represented  by  Vi  and  V2,  respectively;  b  is  calculated  using  Equation  21b, 
and  ai,  Oi,  as,  and  04  by  means  of  Equations  26  to  29. 
Table  I. — Isopentane;  Unit  Mass  »  i  g. 


fi. 

•K. 

b. 

I*C. 

oc. 

CC. 

cc. 

oiX  10-«. 

fliX  10^. 

a*  X  10-«. 

«X  10^. 

0 

1.5642 

909 

I. 5615 

4.713 

4.704 

4.708 

2.223 

20 

I. 6140 

426.6 

1.6079 

4.583 

4.582 

4.582 

4.450 

40 

Z.6700 

224.4 

1.6577 

4.461 

4.466 

4.467 

4.434 

60 

1.7334 

127.6 

1. 7102 

4.354 

4.353 

4.354 

4.310 

80 

I. 8051 

77.700 

1. 7641 

4.248 

4.236 

4.242 

3.987 

zoo 

1.8947 

49.505 

1.8248 

4' 150 

4.120 

4.135 

3.747 

ZIO 

1.9455 

39-793 

1.8548 

4.093 

4059 

4075 

3.727 

Z20 

2.0036 

32.196 

1.8862 

4.036 

3.991 

4.012 

3.650 

130 

2.0721 

26 . 103 

I. 9197 

3.977 

3.922 

3.948 

3.604 

Z40 

2.1542 

21. 151 

I. 9551 

3.916 

3.860 

3.881 

3.564 

150 

2.2497 

17. 141 

1.9887 

3.850 

3.771 

3.806 

3.512 

z6o 

2.3776 

13.719 

2.0264 

3.778 

3.690 

3.726 

3.480 

170 

2.5549 

10.710 

2.0628 

3.687 

3.599 

3.633 

3.459 

z8o 

2.8588 

7.9491 

2.1026 

3.579 

3.503 

3.528 

3.436 

183 

3.0202 

7.0522 

2. I 146 

3.535 

3.473 

3.491 

3.432 

z86 

3.3025 

5.9666 

2.1258 

3.476 

3.441 

3.449 

3.428 

Z87.8 

4.2680 

4.2680 

2.1340 

3.404 

3.423 

3.423 

3.423 

^  Young,  "Stoichiometry/'  Z908,  p.  39. 

s  Z9ia. 

•  p.  158. 

0 

»  Ann. 

-  Physik,  9. 

Z76  (1903). 
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TablK  11/ 

— ISOPBNTANE 

;  Unit  Mass 

=  I  g. 

RT           ai 

/«»c. 

P  (obs.).      ^ 

-— •-26RT• 

%  error. 

aiX6X10-«. 

L  (calc). 

£  (Young) 

o 

257.7 

254•7 

1.2 

7-35 

95.8 

86.8 

20 

572.6 

571.9 

O.I 

36 

90.0 

82.9 

40 

II3I 

"34 

0.3 

40 

84.5 

78.8 

60 

2036 

2034 

O.I 

45 

78.9 

74.4 

80 

3401 

3364 

I.I 

50 

73.2 

69.8 

100 

5355 

5222 

2.5 

58 

67.1 

64.6 

lib 

6586 

6406 

2.7 

59 

63.7 

61.7 

120 

8040 

7762 

3.4 

62 

60.1 

58.5 

130 

9707 

9317 

4.0 

63 

56.2 

54.8 

140 

1 1 620 

11091 

4.5 

65 

52.0 

50.7 

150 

13804 

13080 

5.2 

66 

47.3 

46.5 

160 

16285 

15369 

5.6 

65 

41.8 

41.0 

170 

19094 

18061 

5.4 

61 

35 -o 

34.2 

180 

22262 

21259 

4.5 

53 

25.5 

24  5 

183 

23288 

22434 

3.7 

47 

21.3 

20.2 

186 

24350 

23862 

2.0 

38 

15.0 

13.9 

187.8 

25005 

25287 

I.I 

26 

0 

0 

A  study  of  Table  I  shows  that  the  value  of  a  decreases  from  about 
4.7  X  ID*  at  o""  C.  to  3.4  X  !©•  at  187.8°  C,  the  critical  temperattu:e. 
The  values  of  ai,  os  and  <h  agree  very  well  throughout,  whereas  in  the 
case  of  04,  its  values  near  0°  and  near  the  critical  temperature  agree  with 
those  of  au  Ot  and  Oz,  but  at  intermediate  temperatures,  04  is  considerably 
less  than  au  Ot  and  az,  I  am  not  able  wholly  to  account  for  this  diver- 
gence, although  there  is  no  doubt  that  some  of  the  diso'epancy  may  be  due 
to  errors  in  the  assumed  values  of  p  and  %.  As  has  been  previously  re- 
marked, an  error  in  the  value  of  f  would  have  greater  effect  on  the  calcu- 
lated value  of  a4  than  on  that  of  0$  or  02.  Note  that  ai  is  calculated  with- 
out any  use  of  the  value  of  p.  Its  value  is  determined  entirely  by  V\,  Vi 
and  T.  In  Table  II  the  values  of  p  at  the  different  temperatures  have 
been  calculated,  using  Equation  22  and  ai.    The  column  is  headed  p  = 

6 
the  equations 

RT      __«_  RT      .JL_ 

P  = e    viRT     OT      p  = =;r—  €    nRT  - 

Vi 0  V2  —  0 

It  is  to  be  noted  that  we  should  of  course  obtain  the  observed  values  of  p, 

if  instead  of  ai  we  had  used  0%,  as,  or  04  in  the  corresponding  equations. 

Since  Oi  and  as  do  not  differ  very  much  from  ai,  it  is  evident  that  a  small 

error  in  the  value  of  a  will  seriously  affect  the  calculated  values  of  p, 

RT         -  ^— 
except  when  the  equation  p  =  e"  ^^'^  is  used   to  calculate  p,  in 

Vt  —  b 

which  case  a  considerable  error  in  a  produces  only  a  small  change  in  p. 


—  e   2frRT^  but  exactly  the  sdme  values    are    obtained   when    we   use 
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If  w^  cx>mpare  the  calculated  with  the  experimental  vahies  of  p,  we  notice 
that  the  maximiim  error  amounts  to  5.6%  at  about  30°  below  the  crit- 
ical temperature.  This  error  is,  of  course,  considerable,  but  still  hardly 
sufficient  to  invalidate  the  views  here  presented  or  to  render  them  un- 
worthy of  discussion. 

In  Column  5  of  Table  II  are  given  the  values  of  the  product  ab  X  io~^, 
and  it  will  be  at  once  evident  that  this  product  exhibits  a  noteworthy 
constancy  throughout  the  whole  temperattu-e  interval  studied.  Now 
for  the  two  dozen  or  so  substances  which  Young  has  investigated  and  for 
which  he  found  ( — aTJs^  to  be  nearly  equal  to  unity,  we  deduced  Equa- 
tion 25,  viz.,  br  =  6c/(2 — T/TJ.  If  the  product  ab  be  supposed  to 
be  absolutely  constant,  we  should  have 

Or  =  a,(2  —  T/Tc).  (25a) 

It  must  be  clearly  borne  in  mind  that  these  results  are  supposed  to  hold 
only  under  the  stated  conditions  and  only  below  the  critical  temperar 
ture.  Applied  above  this  temperature,  Equations  25  and  25a  would  lead  to 
results  which  are  contrary  to  all  experimental  evidence.  For  at  a  tempera- 
ture equal  to  twice  the  critical,  b  would  become  infinity  and  a  would  vanish. 

In  Column  6  of  Table  II  are  given  the  results  obtained  for  the  heat  of 
vaporization  of  one  gram  of  isopentane  at  the  pressing  of  saturated  vapor. 
.  "L"  includes  the  external  work  done  during  the  increase  of  volume.  I 
have  not  access  to  the  original  data  of  Young,  but  have  put  in  Column 
7  of  Table  II  the  results  as  quoted  by  Dieterici^  for  the  internal  heat  of 
vaporization,  to  which  I  have  added  the  calculated  values  of  the  external 
work,  given  by  p{vi  —  Vi).  In  calculating  L,  we  have  used  Equation  32, 
according  to  which,  L  =  2RT  log,  di/di  «  ai  (i/vi —  i/vt).  Assuming 
the  values  as  quoted  by  Dieterid  to  be  correct,  our  formula  gives  too  high 
results,  especially  at  low  temperattu'es.  Near  o^  C,  the  error  amounts 
to  10%  and  becomes  as  low  as  1.7%  at  150°  C,  increasing  thereafter  as 
we  approach  the  critical  temperattu'e. 

I  have  studied  fluorobenzene,  normal  hexane,  carbon  tetrachloride  with 
results  quite  similar  to  those  obtained  in  the  case  of  isopentane.  I  shall 
not  take  up  space  discussing  them  but  proceed  to  a  consideration  of  car- 
bon dioxide. 

Carbon  Dioxide. — The  results  in  Tables  III  and  IV  refer  to  one  gram 
of  carbon  dioxide,  but  the  unit  of  pressure  is  one  atmosphere  and  the  unit 
of  volume  one  cubic  centimeter.  According  to  Amagat,'  from  whom  the 
data  are  taken,  the  critical  temperature  is  31 .35°  C.  The  fifth  column 
of  Table  IV  contains  values  of  the  heat  of  vaporization  obtained  by 
Dieterici'  from  Amagat's  experimental  results. 

*  Ann.  Physik,  9,  176  (1903). 

*  Ann.  chim.  phys.,  [6]  29,  1 18-136  (1893). 
»  Lac.  cU. 
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Tabids  III. — Carbon  Dioxidb;  Unit  Mass 

=  I  g. 

l-C. 

fl.                         Vt. 

cc.                 cc. 

b.                 au 
cc.         Atm.-cc«. 

at. 

Atin.-<x«. 

09, 

Atm.-cc*. 

Atm.-cc*. 

o 

1.094        10.41 

0.9900 

2806 

2731 

2758 

2414 

5 

I. 126         8.772 

0.9980 

2751 

2680 

2712 

2443 

lO 

I. 168         7.518 

1. 0109 

2719 

2636 

2671 

2412 

15 

1.229         6.329 

1.0292 

2673 

2595 

2632 

2404 

ao 

1.306         5.262 

1.0463 

2647 

2549 

2586 

2400 

^5 

1.422          4.167 

1.0602 

2581 

2493 

2522 

2408 

27 

1.490       3.759 

1.0670 

2557 

2472 

2498 

2408 

28 

1.532           3-547 

1.0699 

2543 

2461 

2484 

2407 

J9 

1.587           3.301 

I. 0717 

2523 

2449 

2468 

2409 

30 

1.672            2.994 

1.0729 

2494 

2436 

2449 

2414 

31 

1.866           2.551 

1.0777 

2465 

2427 

2432 

2420 

31-35 

2.155           2.155 

1.0775 

2447 

2421 

2421 

2421 

Tabl9  IV.— Carbon  Dioxidb;  Unit  Mass  > 

-  Ig. 

P  <oba.). 
!•  C.                       Atm. 

RT          •« 

h  (Dieterid). 

0                        34.3 

31.9 

55-7 

55.0 

5                       39.0 

36.4 

51.6 

51.0 

10                      44.2 

40.9 

47.7 

47.5 

15                       50.0 

46.0 

42.7 

42.5 

20                       56.3 

51.7 

37.0 

36.4 

25                       63.3 

58.7 

29.0 

28.5 

27                      66.2 

61.7 

25.1 

24.8 

28                     67.7 

63 -3 

22.9 

23.1 

29                     69.2 

65.1 

20.0 

20.2 

30                     70.7 

67.4 

16.0 

16.0 

31                      72.3 

70.1 

8.6 

8.6 

31.35               72.9 

71.3 

0 

0 

The  results  in  Table  III  are  somewhat  similar  to  those  for  isopentane. 
Again  au  (h  and  as  show  general  agreement,  but  the  values  of  04  seem  to 
be  irregular,  in  no  case  diverging  very  much  from  the  value  at  the  critical 
temperature.  Table  IV  shows  again  that  the  pressures  calculated  by 
our  formula  are  usually  too  low,  while  on  the  other  hand  our  calculated 
values  of  L  agree  very  well  with  those  of  Dieterid. 

The  experiments  of  Amagat  on  the  compressibility  of  carbon  dioxide 
allow  us  to  calculate  a  and  b  above  the  critical  temperature.  Amagat 
has  given  for  a  series  of  temperatures  up  to  258^  C.  the  minimum  values 
of  pv  as  weU  as  the  corresponding  pressures.  His  data  are  reproduced 
in  Table  V.  Equations  12  and  13,  which  concern  us  here,  may  be  written 
as  follows: 

a-t;(a/6  — RT)  (12) 


a       1  —  -^         pv 

►RT  RT 

Using  Equation  13  for  any  temperature  and  its  corresponding  value  of 


6Rt''     *^*  =  RT  ^''^ 
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pVt  the  value  of  a/bRT  may  be  calculated  by  a  rather  laborious  trial 
method;  thence  the  value  of  a/b  is  obtained,  then  a  from  Equation  12 
and  finally  b»  A  study  of  Amagat's  results  and  his  diagrams  will  show 
that  although  the  minimum  value  of  pv  may  be  determined  with  some 
accuracy,  the  value  of  the  corresponding  p;  and  hence  of  v,  cannot  be  esti- 
mated so  precisely.  An  error  in  locating  the  minimum  of  the  curve, 
especially  at  high  temperatures  where  the  curves  are  rather  flat,  will  not 
affect  the  value  of  pv  very  much,  but  will  seriously  influence  the  value 
of  p  and  V.  Hence  at  the  highest  temperatures,  the  values  of  the  pres- 
sures as  given  by  Amagat  must  be  allowed  to  be  less  accurate  than  those 
at  lower  temperattures.  Hence  the  ratio  a/b  is  probably  more  accurately 
determined  than  a  and  b. 

In  Table  V  the  unit  mass  of  carbon  dioxide  is  that  which  has  a  volume 
of  I  oc.  at  o^  C.  when  the  pressure  is  one  atmosphere.  In  order  to  com- 
pare the  results  of  Table  III  with  those  of  Table  V,  the  values  of  a  and  b 
in  the  former  table  must  be  divided  by  (505.9)*  and  505.9,  respectively, 
since  one  gram  of  carbon  dioxide  occupies  505.9  cc.  at  o^  C.  and  one 
atmosphere.  If  we  select  the  values  of  a  and  b  at  20^  and  30^  in  Table 
III,  we  shall  obtain  in  the  new  units:  at  20^,  a  ^  0.009960,6  «  0.002068; 
at  30®,  a  =  0.009518,  b  =*  0.002121.  These  values  agree  very  well 
indeed  with  those  in  Table  V  obtained  in  quite  a  different  way. 


ABLE 

v.— Cam 

ON  DZOXTOE 

:  r  ■"  I 

AT  O*  C. 

WHBN  P 

"  I  ATM08FB8KB. 

p. 

P». 

»Xio«. 

aXlOi. 

bXl(P. 

/•c 

Aim. 

Minimam. 

cc. 

a/6RT. 

a/b. 

Atm.-cc. 

cc. 

20 

56.8 

0.1475 

2597 

4.497 

4.868 

9829 

2019 

30 

76 

0.2185 

2875 

4.027 

4.508 

9741 

2 161 

40 

lOI 

0.3083 

3053 

3.604 

4.168 

9192 

2206 

50 

125 

0.3965 

3172 

3.294 

3.931 

8683 

2209 

60 

143 

0.4830 

3378 

3  050 

3.752 

8519 

2270 

70 

162 

0.5690 

35x2 

2.847 

3.608 

8218 

2278 

80 

179 

0.6500 

3631 

2.683 

3.500 

7972 

2278 

90 

196 

0.7310 

3730 

2.538 

3.404 

7694 

2260 

100 

210 

0.8140 

3876 

2.403 

3.312 

7495 

2263 

137 

245 

1.0850 

4429 

2.053 

3.109 

7078 

2271 

198 

255 

1.4920 

5851 

1. 661 

2.891 

6733 

2329 

258 

218 

I. 8100 

8303 

1.456 

2.857 

7433 

2602 

The  results  shown  in  Table  V  indicate  that  a  continues  to  decrease 
above  the  critical  temperattu'e,  Vhile  6,  if  it  increases  at  all,  increases  very 
slowly.  The  values  for  a  and  b  at  258°  and  probably  also  at  198°  are 
likely  subject  to  a  considerable  error,  as  has  already  been  pointed  out. 
Our  results  justify  us  therefore  in  saying  that  above  the'  critical  tem- 
peratture  and  up  to  200°  C.  b  remains  essentially  constant  in  the  case  of 
carbon  dioxide. 

I  may  state  here  that  results  quite  similar  to  those  for  carbon  dioxide 
are  obtained  with  ethylene,  when  Equations  12,  13  and  14  are  applied 
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to  Amagat's  results.     In  the  case  of  ethylene  also,  b  seems  to  remain  fairly 
constant  from  lo®  to  I98^  while  a  decreases  as  the  temperature  rises. 

An  appUcation  of  the  set  of  Equations  17  may  be  made  to  carbon  di- 
oxide.   According  to  these  eqtiations,  at  the  critical  temperature,  the 

2 
value  of  the  minimum  pvis-  p^cf  the  corresponding  pressture  is  i .  104  Pc 

e 

and  the  volume  is  */«  Vc  or  */j  bg.     Now  interpolating  in  Table  V  between 

30**  and  40**,  we  find  for  31. 35%  p  =  794,  pv  =  0.2302,  v  «  0.002899, 

while  in  the   same   units,    pc  —  72.9,   Vc  ~  0.004260.    be  =  0.002130. 

The  calculated  values  for  minimum  pv  would  he:  p  »  80.4,  ^  »  o.  2286. 

V  ■=  0.002840,  agreeing  very  well  with  the  interpolated  values. 

Hydrogen. — In  discussing  hydrogen,  we  shall  take  as  unit  mass  that 

quantity  of  hydrogen  which  occupies  one  cubic  centimeter  at  o**  C.  and 

the  pressure  of  one  atmosphere.    According  to  Witkowski,^  the  behavior 

of  this  gas  at  o®  C.  is  given  accurately  by  the  equation 

^                  o      ,   0.0006154   ,   0.000000706 
pv  =  0.999384  + ^  + —-^— . 

The  Dieterid  equation  at  low  pressures  may  be  written 

fw  «  RT  +  6/>  —  a/v*. 
If  we  imagine  the  pressure  to  be  reduced  indefinitely  and  the  volume 
correspondingly  increased,  we  find  by  comparing  this  equation  with  that 
of  Witkowski  that  at  0°  C.  RT  =  0.999384  and  hence  R  —  0.0036595. 
To  avoid  any  misconception,  it  might  be  explained  that  the  reason  this 
value  of  R  differs  from  1/273.09  =  0.0036618,  is  because  our  unit  mass 
of  hydrogen  which  occupies  one  cubic  centimeter  under  standard  condi- 
tions, would  occupy  only  0.999384  cc.  if  it  were  a  "perfect"  gas.  Hence 
the  value  of  R  is  smaller  to  that  degree. 

The  critical  temperature  and  pressure  of  hydrogen  have  been  deter- 
mined by  a  number  of  investigators.  Bulle^  has  recently  obtained  the 
following  values:  T^  =  3i-95  =^  0,1^  and  pc  ^  ii.o  atmospheres. 
Since  Tc  =  a/^b  and  pc  —  a/4^%*,  we  obtain  from  BuUe's  data,  a/b  » 
0.4677,  a  =  0.000673,  and  b  =  0.001439.  The  minimum  values  of 
pv  have  been  determined  by  Witkowski'  and  by  KamerUngh  Onnes  and 
Braak.*  The  earlier  results  of  Witkowski  agree  fairly  well  with  those 
of  Onnes  and  Braak,  although  Witkowski  states  that  his  determinations 
of  the  pressures  corresponding  to  a  minimum  pv  may  be  several  atmos- 
pheres  in   error.    The  results  obtained  by  appl3ring  Equations  12,  13 

1  BuU.  acad.  Cracavie,  6,  305-338  (1905)- 

*  Physik.  Z.,  14,  860-2;  C.  i4.,  7,  3877  (1913). 
»  Loc,  cU, 

*  Comm,  Phys,  Lab,,  Leiden,  No.  97  (1907);  quoted  in  Yoong's  "Stoicfaiometry/' 
p.  24. 
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and  14  to  the  data  of  Witkowski  and  of  Onnes  and  Braak  are  set  forth 
in  Tables  VI  and  VII,  respectively.  Both  tables  would  indicate  that 
the  ratio  a/b  is  approximately  constant  in  the  temperature  interval  un- 
der investigation.  The  results  from  Witkowski's  data  seem  to  show  a 
decrease  of  both  a  and  b  with  rise  of  temperature,  while  the  presumably 
more  accturate  data  of  Onnes  and  Braak  exhibit  a  and  b  as  essentially 
constant  from  — 217''  C.  to  — 183®  C.  The  values  of  a  and  b  in  Tables 
VI  and  VII  should  be  compared  with  those  I  have  calculated  from  the 
critical  data.  In  both,  tables  the  vajues  of  a  are  considerably  smaller 
than  that  of  a  at  the  critical  temperature;  but  whereas  Witkowski's 
data  indicate  smaller  values  of  b,  those  of  Onnes  and  Braak  give  us  values 


Table  VI 

. — ^Hydrogbn  Data  of  Witkowski.    v 

-   I   AT  0**  C 

.  WHEN  p  «  I    ATM. 

l«C. 

p. 
Atm. 

^. 

a/ftRT. 

a  X  10«.        b  X  10«. 
a/b.            Atni.-«c<.            ec. 

-183 

32 

0.3270 

I . 1334 

0.3737 

449             1203 

—190 

43.5 

0.2970 

1.2329 

0.3749 

484             1290 

— 205 

55 

0.2273 

1.4920 

0.3718 

507             1363 

— 212 

1 

54.8 

0.1926 

1.6496 

0.3688 

511             1384 

Table  VII 

. — ^Hydroobn  Data  of  Onnbs  and  Braak. 

V  -  lATO** 

C.WHHN/>  »   I  ATM. 

i«C. 

A?i. 

&. 

«/6RT. 

a/b. 

fl  X  16«.          ft  X  10«. 
Atm.-cc*.            cc. 

—182.75 

33.36 

0.32630 

1 .  1707 

0.3870 

552               1426 

—195  20 

47.69 

0.27338 

I. 3175 

0.3756 

519               1382 

— 204.62 

52.10 

0.22935 

I. 4816 

0.3712 

531               1431 

— 209.6 

53.73 

0.20394 

I.6011 

0.3720 

530               1425 

—212.73 

53.63 

0.18780 

1.6827 

0.3717 

528               1421 

—217.32 

51.57 

0.16335 

1.8234 

0.3721 

532               1430 

Tabl«  VIII.— Hydrogen.    Data 

OP  WriKowsKi. 

p  (Atm.)          t 
Witkowski. . 

p  (calc.). 

-  — 190*  C. 
P  (calc). 

/  -  — 205*>  C. 
P  (calc). 

/-— 212*'C. 
P  (calc). 

I 

1.004 

1.005 

1.006 

1.009 

5 

5.008 

5.010 

5014 

5  026 

10 

9.997 

9-995 

10.003 

10.016 

15 

14.995 

14.990 

14.986 

15.013 

20 

20.013 

20,007 

19.989 

20.089 

25 

25.011 

24.999 

25.023 

25.065 

30 

30.002 

30.005 

30.058 

30.088 

35 

35.003 

35.000 

35.093 

35.139 

40 

40.024 

40.007 

40.079 

40.167 

45 

45  028 

45.003 

45.036 

45.126 

50 

50.020 

49.997 

50.005 

50.026 

55 

54.997 

54.977 

55.000 

54.998 

60 

59.955 

59.958 

60.007 

60.052 

not  appreciably  different  from  the  value  of  b  at  32  °  absolute.  We  shall, 
however,  shortly  produce  evidence  indicating  that,  above — 183**  C.  at 
least,  a  and  b  for  hydrogen  do  decrease  with  rise  of  temperatiu*e.  Be- 
fore proceeding  to  this,  I  desire  to  illustrate  how  well  the  Dieterid  equa- 
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tion  reproduces  the  Witkowski  data.  Witkowski^  gives  a  table  contain- 
ing the  values  of  /w  at  a  series  of  temperatures  from  loo®  C.  to  — 212®  C. 
and  up  to  a  pressure  of  60  atmospheres.  In  Table  VIII  I  have  given  the 
results  of  calculating  the  pressures  corresponding  to  volumes  as  given  by 
Witkowski  and  at  the  temperatures  — 183  ^  — I9o^  — 205  ^  and  — 212**  C. 

RT  a 

I    have    used    the    equation  p   =   ^""^rt>   where    R    is  equal 

V  —  b 

to  0.0036595,  and  the  values  of  a  and  b  for  each  temperature  are  taken 

from  Table  VI.    The  agreement  of  the  calculated  pressiu-es  with  those 

given  by  Witkowski  is  certainly  very  excellent.    It  is  to  be  noted  that 

the  values  of  a  and  b  which  have  been  employed  have  not  been  deduced 

from  the  whole  course  of  the  pv  curve,  but  in  each  case  from  its  minitniitri 

value  only. 

According  to  Equation  7a,  we  have  the  relation 


(dp\  ^p(     ■      g      ,      T        db l_da\ 

VdT/,      TV        vRT       v  — 6'dT       cRdT/ 

-  ( 


R       -JL,  /     ,      a      ,      T     db         1   da\ 
e  »RT  I  I  +  ----  + 


(7a) 


v—b  \        vRT       v  —  bdT       vRdT/ 

If  a  and  b  are  constants,  or  if  the  expression  (T/(t;  —  b).  db/dT  —  i/vR 
da/dT)  vanishes,  we  have  the  simpler  equations 


m    =  £  (x  +  ^)  =     R    ,-if  (x  +  -^).         (7) 
\dT/p      T  \         vRT/        v—b  \        vRT/ 

>t  too  SB 

(I). 


In  most  cases,  where  v  is  not  too  small,  we  could  write 


I    have    assumed    that    the    expression   — -  — ,  in  what 

v  —  b  dT        t;R  dT 

follows,  is  very  small,  compared  with  a/vRT  in  the  case  of  hydrogen, 
at  least  throughout  the  temperatiu^  interval  — 183*'  C.  to  100 **  C.  The 
grounds  for  this  will  be  discussed  later.  I  have  accordingly  used  Equa- 
tion 7  to  determine  a  and  fe,  calculating  (dp/dT)^  and  P/T  from  the  Wit- 
kowski data.  In  his  memoir,  Witkowski  gives  the  pressures  at  the  series 
of  temperatures,  100®,  o®,  — 77 ^  — 104^  — 147®,  — 183**,  — 190**,  — 205®, 
and  — 212®  C,  corresponding  to  a  series  of  volumes  from  1  to  1/60  in 
terms  of  the  volume  at  o**  C.  and  one  atmosphere.  The  method  I  em- 
ployed to  obtain  an  accurate  estimate  of  (dp/dT)^  at  each  temperature 
will  be  clear  from  the  followihg  example:  Corresponding  to  the  volume 
V  =  1/40,  Witkowski  gives  for  the  temperatures  — 77**,  — 104®,  and 
— 147**  C.  the  pressiures  29.33,  25.22  and  18.63,  respectively.  An  equa- 
tion of  the  second  degree  in  T  was  found  algebraically  which  would  re- 
^Loc.cit. 
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produce  the  pressures  at  the  three  temperatures.  From  this  equation, 
the  values  of  (dp/dT)^  at  — 104®  was  easily  calculated.  Geometrically, 
having  pressures  as  ordinates  and  temperatures  as  abscissae,  a  parabola 
was  found  which  would  go  through  the  three  points  and  the  slope  at  the 
intermediate  point  was  the  value  sought.  The  parabola,  of  course,  in 
no  case  departs  much  from  a  straight  line.  To  find  (dp/dT)p  at  — 147  ®  C, 
the  data  for  — 104**,  — 147®  and  — 183®  were  used  and  so  .on  for  all  the 
other  temperatures.  It  is  evident  that  the  values  we  have  obtained  for 
(dp/dT)^  will,  in  all  probability,  be  more  accurate  at  higher  tempera- 
tures than  at  lower  ones.  The  pressures  at  o^  C.  are  more  than  four 
times  as  great  as  at  — 205°  C,  and  as  {dp/dT)^  is  obtained  by  a  differ- 
ent method,  the  probable  error  at  — 205®  will  be  four  times  as  great 
as  at  o^  C,  assuming  that  the  pressures  in  both  cases  -have  been  deter- 
mined with  the  same  relative  accuracy.  I  have  determined  (dp/dT)^, 
and  hence  a  and  b,  using  the  data  for  the  volumes  1/60,  1/50,  1/40,  1/30 
and  1/20  for  the  temperatures  already  named,  excluding  the  highest 
and  the  lowest  one.  Here  again  the  accuracy  of  the  calculated  result 
will,  for  obvious  reasons,  be  inversely  proportional  to  the  volume  selected. 
This  will  be  illustrated  by  the  results  obtained  at  the  various  volumes, 
although  there  is  a  surprising  agreement  in  nearly  all  cases. 

In  Table  IX  are  given  the  detailed  results  for  v  »  1/60,  while  Table  X 
contains  only  the  final  results  for  a,  b,  and  a/b,  with  the  averages  in  the 
last  column,  excluding  from  the  average  the  results  for  v  »  1/20,  which 
are  likely  to  be  least  accurate.  Table  XI  is  simply  a  summary  of  these 
average  values  together  with  the  values  for  100 **  C,  obtained  by  a  rather 
uncertain  extrapolation.  As  emphasized  previously,  the  results  at  low 
temperatures  are  probably  less  trustworthy  than  those  at  higher  tem- 
peratures. An  examination  of  these  tables  shows  that  a  and  b  decrease 
with  rise  of  temperature.  With  regard  to  the  ratio  a/b,  the  same  state- 
ment may  actually  be  true,  in  spite  of  the  fact  that  from  — 205  ®  to  — 147  ** 
the  tables  indicate  a  slight  increase  with  the  temperattu-e.  The  results 
at  low  temperatures  are,  however,  subject  to  such  error  that  it  is  unsafe 
to  indulge  in  much  generaUzing.  An  important  point  to  be  noted,  how- 
ever, is  that  the  values  of  a,  b,  and  also  a/b,  as  found  by  the  present  method 
for  — 183®,  — 190**  and  — 205®  C,  agree  remarkably  well  with  those  given 
in  Tables  VI  and  VII,  found  by  a  quite  different  method.  The  equation 
of  state  for  a  gas  at  low  pressures  can  be  written  in  the  form  pv  »RT  -f- 
p{b  —  a/RT),  which  at  o**  C.  is  equivalent  to  /w  =  RT  +  p{b  —  a), 
since  RT  is  approximately  unity.  Comparing  this  with  Witkowski's 
empirical  equation  already  given,  we  find  the  value  of  (b  —  a)  at  o**  C. 
to  be  0.0006154.  From  Table  XI  we  obtain  a  result  in  very  satisfactory 
agreement  with  this  value,  viz.,  (b  —  o)  =  0.000622. 
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Tabla  IX. — ^Hydrogbn.    t;  =  I  at  o*  C.  whbn  />  =  i  Atm. 


lOO 

o 
—77 
• — 104 

—147 
—183 

—190 
— 205 

212 


p' 

Atm. 

(85-422) 

62.331 

44.49 
38.21 
28.10 
19.64 
17.98 
14.42 

12.72 


p/r. 

0.22824 
0.22688 
0.22597 
0.22286 
0.21800 
0.21639 


.  V   =  Veo. 

0.23136 
0.23229 

0.23337 
0.23505 
0.23679 
0.23720 


fl/»RT. 

0.01367 
0.02385 
0.03231 
0.05471 

0.08619 
0.09668 


aX  10«. 
Atm.-ctf. 


228 
285 
333 
421 

473 
490 


0.21178         0.24110?       0.13844         575 


6  X  10*. 
cc 


851 
910 

993 
1 120 

1273 
1306 
162 1 


a/b. 

0.2679 
0.3132 
0.3353 
0.3759 
0.3716 
0.3752 
0.3547 


Tablb  X. — ^Hydrogbn.    a  and  b  Multiplibd  by  io*. 


Mean,  exdudlnc 

those  for 

V  -  1/20. 


Tabi<b  XI. — ^Hydrogbn.    Avbragb  VAi^tTBS  OF  a,  h  AND  a/h  moM  Tabls  X. 

+  100*  c. 
0«.         --77«.         — 104«.      — 147.'.       —183*.        —190*.       — 205*.    (eztrapolAted). 

a  X  lo*      225         300  355  419  481  509  578  170? 

h  X  lo*      847         938         1020         1 1 18         1294         1377         1615         800? 

a/b  0.2652    0.3197      0.3480      0.3748     0.3717     0.3696     0.3579    0.2125? 

For  an  ideal  gas,  we  have  the  relation  p/T  —  R/v.  For  the  mass  of 
hydrogen  which  we  are  taking  as  our  unit  and  for  a  value  of  v  equal  to 
1/60,  the  theoretical  value  of  p/T  would  be  0.21957.  An  examination 
of  the  third  column  of  Table  IX  will  show  that  somewhere  between  — 147*^ 


Digitized  by 


Google 


TBGS  EQUATION  OF  STATB  FOR  GASitS  AND  UQUIDS.  55 1 

and  — 183^  jf>/T  has  its  "thecjretical"  value.  By  interpolation,  we  find 
this  temperature  to  be — 171. 4**.  If  we  investigate  the  data  for  v  =  1/50, 
1/40,  1/30  and  1/20,  we  obtain  the  following  results  for  this  tempera- 
ture, w».,  — 171. 4^  — 170. 3^  — 157. 5^  — 167. o^  Since  the  results 
for  ti  »  1/60  and  1/50  are  the  most  accurate,  we  may  accept  — 171 .4**  C. 
as  very  close  to  the  temperature  at  which  ^/T  =  "R/v.  Now,  according 
to  the  equation  of  state,  for  moderate  pressures, 

p  R       2_       R/     ,   fc         a  \ 

T      v  —  b  v\        V      vRT/ 

Evidently  p/T  will  equal  R/v  when  b  =  a/RT,  or  a/b  »  RT.  Since 
we  have  found  the  temperature  to  be  — 171 .4**,  we  calculate  for  this  tem- 
perature a/b  =  RT  =  0.3721,  in  excellent  agreement  with  the  values 
of  a/b  in  Table  XI.  At  the  temperature  — 171 .4®  C.  or  loi  .6"^  absolute, 
the  pv  curve  for  hydrogen  would  just  fail  to  have  a  minimum  and  would 
proceed  virtually  horizontally  for  several  atmospheres.  At  this  tempera- 
ture,, the  behavior  of  hydrogen  under  moderate  pressures  would  be  given 
very  accurately  by  Boyle's  law. 

Joule-Thomson  Effect  for  Hydrogen. — ^The  values  we  have  obtained 
for  a  and  6,  at  least  at  o®  and  loo**  C,  are  confirmed  if  we  consider  their 
relation  to  the  Joule-Thomson  effect.  According  to  the  experiments 
of  Joule, ^  the  value  of  AT/Ap  of  Equation  34,  at  6.8®  C.  is  — o.030» 
and  at  90. 1®  C.  is  — 0.044.  We  can  use  at  6.8*  C.  the  values  of  a  and  6 
for  o**  C.  Their  values  near  100®  C.  will  be  less  and  a  rough  extrapola- 
tion gives  us  for  100°  C,  a  —  0.000170,  and  b  =  0.000800.  Using  oiu- 
values  of  a  and  b  in  Equation  34,  the  calculated  value  of  AT/Ap  at  6.8'' 
C.  would  be  — 0.032,  and  at  90. 1°  C.  — 0.043,  in  good  agreement  with 
the  observed  values.  The  negative  lowering  means,  of  course,  an 
elevation  of  temperature. 

Whether  there  shall  be  a  rise  or  a  fall  in  temperature  in  the  Joule-Thom- 
son experiment  depends  on  whether  (2a/RT  —  b)  is  negative  or  positive. 
For  most  gases  at  ordinary  temperatures  b  is  less  than  2a/RT  and  we  have 
a  fall  in  temperature.     In  the  case  of  hydrogen  at  ordinary  temperatures 
(aa/RT  —  6)  is  negative  and  we  have  a  rise  in  temperature.    At  a  suffi- . 
ciently  low  temperature  the  sign  should  be  reversed.    The  inversion  tem- 
perature for  hydrogen  has  been  found  by  Olszewski*  to  be  — ^80.5**  C. 
or  192 . 5  °  abs.  At  this  temperature,  then,  we  should  have  (2a/RT  —  6)  = 
o.      Now  using  the  values  given  in  Table  XI,  at  — 77  °  C,  (2a/RT  —  6)  = 
— 0.000102   and    at  — 104°   C.    (2a/RT  —  b)  =  -f-o. 000128.    Accord- 
ingly, at  about  —89°  C.  or  184^  abs.  (2a/RT  — 6)  would  be  zero.    We 
therefore  calculate  the  inversion  temperature  to  be  184®  instead  of  192 . 5  ® 

^  Landolt-BOmstdn's  Tabellen,  igia,  p.  786. 

s  Bull,  acad,  Cracovie,  1901,  p.  453;  quoted  in  Young's  "Stoichiometry,"  p.  236« 
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abs.  as  observed  by  Olszewski.  This  investigator  later  observed  in  the 
case  of  nitrogen  and  oxygen  that  the  inversion  temperature  depends  on 
the  initial  pressure.  Equation  34  in  its  most  ^gorous  form  would  also 
show  that  this  must  be  the  case.  In  any  event,  the  fair  agreement  of 
our  value  with  that  observed  by  Olszewski  is  another  confirmation  of 
the  approximate  correctness  of  the  values  we  have  obtained  for  a  and  b. 
We  are  now  in  a  better  position  to  consider  the  assumption  we  have 
made  that  in  the  equation 

M     ^  />  r,    .      g      .      T      (&  __   I   da] 
IdTlv      tL        vRT      v  —  bdT      vRdTrl 

we  may  suppose — -     to  be  negligible  with  respect 

V  —  b  dT        vR  dT 

to  a/vRT.  All  oiu"  values  from  — 205®  to  o**  C.  have  been  calcu- 
lated on  this  assmnption,  in  applying  Equation  7.  The  assumption  seems 
to  have  been  justified  by  the  following  facts:  (i)  The  values  we  have 
obtained  at  — 183®  and  — 190**  (cf.  Table  XI)  agree  well  with  those  cal- 
culated from  the  minimum  values  of  pv  (cf.  Tables  VI  and  VII).  (2) 
When  the  values  of  a  and  b  from  Table  XI  are  used  in  the  equation  p  » 

RT  a 
^~  ^BXt   tbe    experimental    residts  of  Witkowski  are   reproduced 

V  —  b 

with  great  accuracy  (cf.  Table  VIII).  (3)  At  o®  C,  our  values  of  a  and 
b  agree  well  with  the  value  of  (6  —  a/RT)  or  (b  —  a)  deduced  from  Wit- 
kowski's  empirical  equation.  (4)  Our  values  of  a  and  b  at  o^  C.  and 
100^  C.  lead  us  to  an  estimate  of  the  Joule-Thomson  effect  in  good  agree- 
ment with  experiment.  (5)  Our  calculation  of  the  inversion  tempera- 
ture agrees  passably  well  with  Olszewski's  observation.  (6)  At  o*  C. 
the  value  of  (6  —  a/RT),  or  in  this  case  {b  —  a),  is  determined  with  some 
degree  of  precision  by  Witkowski's  work  to  be  dose  to  0.000620.  All 
our  experience  with  isopentane,  carbon  dioxide  and  other  substances  not 
considered  in  this  paper  goes  to  show  that  a  always  decreases  with  rise 
of  temperature.  Since  at  the  critical  temperature  and  around  — 183®  C, 
(b  —  a)  is  much  greater  than  0.000620,  the  value  of  b  must  decrease  with 
rise  of  temperattu-e  to  0°  C.    Since  a  and  b  decrease  together,  the  terms 

T       db  1     da 
7  "3^  and  —  —z-    -^    will  tend  to  neutralize  each  other;  and  the 

V  — o    ol  vK    ai 

preceding  statements  go  to  show  that  this  neutralization  is  f airiy  complete. 
These  considerations  seem  to  justify  the  assumption  I  have  made  and 
to  render  the  values  of  a  and  b  which  I  have  obtained  worthy  of  some  de- 
gree of  confidence.  That  b  decreases  with  rise  of  temperature,  at  least 
above  — 183**  C,  is  a  result  in  harmony  with  the  views  expressed  by  T- 
W.  Richards^  in  regard  to  the  compressibiUty  of  atoms.  He  shows  that 
»  This  Journal.  36,  617  (1914);  37i  2417  (1915). 
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the  value  of  b  for  helium  (assuming  that  a  is  negligible)  decreases  from 
o^  C.  to  100^  C,  and  explains  the  decrease  as  due  to  the  increasing  colli* 
sion-pressure  with  increase  of  temperature.  Whatever  be  the  explana- 
tion, we  have  found  that  the  same  thing  is  true  of  b  for  hydrogen,  its 
value  at  o^  C.  being  about  60%  of  that  at  the  critical  temperature. 

Our  calculations  for  heUum  are  also  in  harmony  with  those  of  T.  W. 
Richards.  According  to  Elamerlingh  Onnes,^  the  critical  temperature 
for  helium  is  5.25^  abs.  and  the  critical  pressure  1718  millimeters,  or 
2.261  atmospheres.  Prom  these  data  we  obtain  a  =  0.000089  ^^d 
b  »  0.001151,  where  the  unit  quantity  of  helium  occupies  one  cubic 
centimeter  under  standard  conditions.  Evidently  the  value  of  a  is  very 
small  and  at  ordinary  temperatures  one  is  probably  justified  in  considering 
a/RT  negUgible  with  reference  to  b.  If  we  take  4  g.  of  helium  as  our  unit 
mass,  the  value  of  b  at  5.25^  abs.  is  25.6  cc.  At  o^  C.  and  at  100^  C. 
Richards  finds  (b  —  a/RT)  or  in  this  case,  very  approximately,  b,  equal 
to  12  cc.  and  10.4  cc.,  respectively.  The  value  of  6  at  o®  C.  is  thus  less 
than  half  what  it  is  calculated  to  be  at  5 .  25^  absolute. 

In  the  case  of  hydrogen,  however,  the  value  of  a/RT  is  not  negligible 
with  respect  to  b  and  for  this  reason  fairly  accurate  values  of  both  must 
be  determined  before  one  can  say  whether  b  decreases  or  not  with  the 
temperature.  Thus  Richards  finds  an  increase  in  (b  —  a/RT)  for  hydro- 
gen as  one  goes  from  o®  C.  to  100°  C.  In  spite  of  this  fact,  we  have  found 
that  both  a  and  b  decrease  in  this  interval.  Richards,  of  course,  fully 
understood  that  this  might  be  the  case,  if  the  value  of  a  were  sufficiently 
laigc. 

Richards  has  also  expressed  the  view  that  b  does  not  differ  very  much 
from. the  volume  of  the  Uquefied  gas.  Our  results  are  so  far  in  agreement 
with  this,  that  we  have  found  b  at  temperatures  considerably  below  the 
critical  temperature  to  be  but  slightly  smaller  than  the  volume  ot  the 
liquid,  as  is  apparent  from  the  eqtiation  i/b  =  i/x^i  +  i/v%. 

So  far  we  have  not  particularly  concerned  ourselves  with  the  ques- 
tion as  to  whether  a  and  b  in  addition  to  being  temperature,  are  also 
volume  functions.  The  critical  state  is  determined  mathematically  by 
the  condition  that  (dp/dv)^  and  (d^p/dv^)r  shall  both  be  zero.  Assuming 
a  and  6  to  be  independent  of  the  voltune  has  led  to  results  in  conformity 
with  experience;  for  example,  to  the  residt  that  the  critical  density  is 
3.695  times  as  great  as  the  density  woidd  be  for  an  "ideal"  gas  at  the 
critical  temperature  and  pressure.  I  have  therefore  felt  myself  justi- 
fied in  inferring  that  a  and  b  are  essentially  independent  of  the  volume 
within  the  limits  of  pressure  considered  in  this  paper.  It  is  only  right  to 
state,  however,  that  when  very  great  pressures  are  considered,  it  seems 
1  C.  A.,  7, 2327  (1913). 
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necessary,  as  a  restilt  of  some  calctilations  I  have  made,  to  assume  that 
b  mider  these  drctmistances  suffers  a  diminution  in  volume.  This  ques- 
tion I  have,  however,  not  investigated  thoroughly,  partly  owing  to  the  lack 
of  available,  acctirate  data. 

As  a  result  of  the  investigation  set  forth  in  this  paper,  I  consider  that 
the  following  statements  are  justified:  The  Dieterid  equation  of  state 
has  a  sotmder  theoretical  basis  than  that  of  van  der  Waals.  It  reproduces 
the  behavior  of  a  gas,  not  only  at  low  pressiures,  but  also  at  the  critical 
point  and  even  at  much  higher  presstures.  Although,  perhaps,  not  so 
simple  an  expression  as  van  der  Waals's^  many  of  the  deductions  from  it 
are  characterized  by  great  simplicity  and  elegance.  It  has  of  course  the 
great  advantage  over  the  van  der  Waals  equation  that  it  reproduces  the 
critical  state  accurately,  whereas  the  latter,  as  is  well  known,  does  not. 
It  seems  to  me,  therefore,  that  we  ought  to  abandon  the  van  der  Waals 
equation,  except  as  a  qualitative  interpretation  of  the  facts,  and  adopt 
the  Dieterici  equation  of  state  as  the  only  one  which  has  both  a  sufficiently 
sotmd  theoretical  foundation  and  a  sufficientiy  accurate  correspondence 
with  the  facts. 

Summary. 

In  the  present  paper  I  have  discussed  the  Dieterici  equation  of  state, 

RT         ^  a 
p  =      ,     ^  ,RT   in   some   detail  and  have  indicated  in  a  number 

of  ways  how  acciu-ately  it  reproduces  the  experimental  results. 

Various  methods  are  developed  for  calculating  the  values  of  a  and  6 
below,  at,  and  above  the  critical  temperature. 

A  formula  is  deduced  for  calculating  the  pressure  of  saturated  vapor  from 
the  densities  of  the  liquid  and  vapor. 

A  formula  is  deduced  for  calculating  the  latent  heat  of  vaporization 
from  the  densities  of  liquid  and  saturated  vapor. 

Isopentane,  carbon  dioxide  and  hydrogen  are  studied  in  some  detail. 
In  the  case  of  isopentane,  a  decreases  and  b  increases  from  o**  C.  up  to 
the  critical  temperature.  The  same  is  true  of  carbon  dioxide.  Above 
the  critical  temperature,  in  the  case  of  carbon  dioxide,  a  continues  to  de- 
crease, while  b  remains  fairly  constant  up  to  200**  C.  In  the  case  of  hydro- 
gen, a  decreases  from  the  critical  temperature  up  to  ordinary  tempera- 
tures, while  b  does  the  same,  from  — 183®  C.  at  least. 

In  the  case  of  hydrogen,  its  inversion  temperature  is  calculated,  and 
also  the  temperature  at  which  it  "obeys"  Boyle's  law  for  moderate  pres- 
sures.    The  latter  temperature  was  calculated  to  be  — 171.4**  C. 

Combining  the  law  of  Cailletet  and  Mathias  with  a  result  obtained  by 
Young  for  a  number  of  substances,  it  is  shown  that  the  density  of  a  sub- 
stance at  the  absolute  zero  is  foxu:  times  the  critical  density. 

Our  conclusions  in  regard  to  the  variation  of  b  with  the  temperature 
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are  shown  to  be  in  harmony  with  some  of  the  views  of  T.  W.  Richards  in 
regard  to  the  compressibility  of  at(>ms. 

Cauqjlmy,  Albsrta.  and  MmmiArouB.  MnnhiaoTA. 
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THE  PROPERTIES  OF  MIXED  LIQUIDS.    I.    SULFURIC  ACID- 

WATER  MIXTURES. 

By  J.  LiYiNOSToN  R.  Mokoam  and  Clakkb  Edwin  Davis. 
Received  December  29.  1915. 

This  paper  is  the  first  report  upon  a  somewhat  extended  series  of  in- 
vestigations, started  some  two  years  ago,  upon  the  drop  weights,  or  surface 
tensions,  of  pure  liquids,  at  many  temperatures,  and  their  relationship 
to  the  values  of  that  property  in  their  binary  or  other  admixtures  in  varioud 
proportions,  at  those  temperatures.  The  main  object  of  the  work  is  to 
provide  such  a  further,  perhaps  more  consistent,  set  of  experimental 
data  that  eventually  it  may  perhaps  be  possible  to  find  the  cause  of  th^e 
mutual  effects  of  liquids  upon  one  another;  which,  although  absent  in 
some  cases,  are  great,  and  yet  of  widely  differing  magnitude,  in  others. 

For  some  binary  tiquid  mixtures  it  is  known  that  the  so-called  law  df 
mixtures  holds  more  or  less  rigidly,  t.  e.,  the  value  of  a  certain  physical 
property,  of  the  mixtm-e  is  equal  to  the  sum  of  the  values  of  that  property 
for  the  pure  constituents  tmder  like  conditions,  each  multiplied  by  the 
ratio  of  its  weight  in  the  mixture,  to  the  total  weight  of  the  system-  Or, 
expressed  as  an  equation,  PMixt.  —  ^Pa  +  (^ — ^)P6>  where  the  terms 
P  represent  the  values  of  the  property  ^considered,  and  x  is  the  weight 
of  the  constituent  a,  when  the  total  weight  of  the  mixture  is  regarded  as 
unity.  In  all  cases  of  this  sort  it  is  generally  assumed,  apparently  with 
reason,  (i)  that  no  chemical  reaction  has  taken  place  between  the  con- 
stituents, and  (2)  that  the  previous  molecular  state  of  each  constituent 
in  the  pure  condition  still  persists  in  their  mixture. 

The  great  mass  of  binary  liquid  mixtures,  however,  not  only  fails  to 
follow  this  law,  but  shows  a  variation  from  it  which  depends  solely  upon 
the  constituents  selected,  and  upon  the  proportions  in  which  they  are 
mixed.  From  the  fact  that  following  the  law  of  mixtures  is  regarded  as 
indicating  that  a  system  is  free  from  any  chemical  interaction  between 
its  constituents,  and  that  the  molectdar  states  of  its  constituents  are 
unaltered  as  a  result  of  the  mixing,  it  is  nattu'al  to  asstune  that  a  system 
which  does  not  follow  this  law  is  one  in  which  either  a  chemical  reaction 
has  taken  place,  or  in  which  the  constituents  have  undergone  a  molecular 
change,  of  the  nattu^  of  a  breaking  down  of  a  previous  polymerization 
of  one  or  both  of  the  individuals,  for  example. 

Many  investigators,  ignoring  the  second  possible  cause  of  change. 
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have  assumed  that,  from  the  curve  obtained  by  plotting  the  results  of 
some  one  of  the  various  physical  properties  of  a  system,  which  does  not 
follow  the  mixtture  law,  against  the  percentage  composition  of  the  mixture, 
it  is  possible  not  only  to  conclude  that  a  chemical  compound  has  been 
formed,  but  actually  to  calculate  its  formula.  Washburn,^  however, 
after  an  exhaustive  review  of  the  previous  work,  has  concluded  that  in 
all  such  property-composition  curves  "supposed  points  of  discontinuity 

are   due  to  experimental  error" although   "striking  irregularities 

sometimes  occur."  Next,  quoting  the  fact  brought  out  by  Tammann 
that  "as  regards  certain  of  its  physical  properties  a  salt  solution  resembles 

the  pure  solvent  under  an  increased  external  pressure" he  shows 

how  this  might  "cause  a  dissociation  of  complex  molecules  into  simple 

ones" the  effect  of  which  would  be  that  "a  large  part  of  the  abnormal 

effects  of  salts  upon  the  physical  properties  should  also  be  ascribed  to 
changes  in  the  complexity  of  the  solvent."  Washburn's  final  conclusion, 
which  may  be  regarded  as  the  last  word  upon  the  subject  of  the  phjrsical 
properties  of  mixed  liquids  as  it  was  then  tmderstood,  is  that  "methods 
of  studying  hydration  which  depend  upon  the  deviation  of  any  physical 
property  of  a  solution  from  the  law  of  mixtures  are  incapable  of  yielding 
any  conclusive  information  regarding  the  complexity  or  even  the  existence 
of  hydrates  in  aqueous  solution." 

The  later  work  of  Denison,*  however,  has  modified  the  above  conclusion 
decidedly,  at  least  in  so  far  as  it  concerns  mixtures  of  liquids,  and  apparently 
not  only  enables  us  to  differentiate  between  the  effects  due  to  a  change  in 
the  molectdar  states  of  the  individual  constituents,  and  those  due  to  their 
chemical  interaction,  but  also  actually  does  make  possible  the  calculation 
of  the  formula  of  the  chemical  compound  formed  in  the  latter  case.  Deni- 
9on's  method  of  attack  was  theoretical,  in  that  he  asstuned  in  a  h3rpo- 
thetical  system  that  the  various  possible  changes  had  taken  place  to  dif- 
ferent extents,  and  studied  the  ctuves  thus  obtained.  In  this  manner  he 
showed  first,  confirming  Washburn's*  statement,  that  "a  maximum  or 
minimum  in  the  property-composition  curve  must  be  taken  as  giving 
possible  indication  of  the  formation  of  a  chemical  compound,  although 
there  is  no  certainty."  At  the  same  time  he  calls  attention  to  the  fs^ct 
that  a  sagged  curve  (without  maxima  or  minima)  may  be  caused  by 
either  a  dissociation  of  one  of  the  constituents,  or  by  their  chemical  com- 
bination, but  that  a  process  involving  increased  association  of  one  of  the 
constituents  as  a  restdt  of  their  mixing  is  unlikely. 

It  is  not  the  property-composition  curve,  however,  but  that  for  which 
the  coordinates  are  composition  and  demotion  from  the  mixture  law, 
that  leads  to  indications  of  chemical  interaction  between  the  constituents 
1  Tech.  Quart,,  ai,  360  (1908). 
*  Trans.  Faraday  Soc„  8,  20,  35  (i9ld)* 
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of  mixed  liquids.    Denison's  conclusions  from  curves  of  this  form  may  be 
summarized  briefly  as  follows: 

The  magnitude  of  the  deviation  from  the  mixture  law  is  proportional 
to  the  amount  of  new  substance  formed,  and  always  reaches  a  maximum 
when  the  concentration  of  the  new  substance  attains  a  maximum  value; 
and  further,  when  this  is  true,  the  mixture  as  a  whole  has  the  same  fractional 
composition  as  the  new  substance  formed.  Although  temperature  changes 
may  affect  the  form  of  the  property-composition  curve,  especially  as  re- 
gards the  maximum  point,  the  point  of  maximum  deviation  from  the  mix- 
ture law  is  independent  of  temperature  change. 

If  the  above  be  true,  and  aside  from  any  consideration  of  the  merits  of 
the  theoretical  reasoning  involved,  the  few  applications  of  it  by  Denison 
himself  are  convincing,  it  will  be  seen  that  it  is  possible  to  determine  the 
formula  of  a  compound  formed  by  the  interaction  of  the  constituents 
of  a  mixed-Uquid  system  by  aid  of  the  physical  properties  alone,  since 
the  composition  of  the  compound  formed  must  invariably  be  identical 
with  the  composition  of  that  mixture  which  exhibits  the  maximtun  devia- 
tion from  the  value  calculated  by  aid  of  the  mixture  law.  In  other  words, 
if  Denison*s  conclusion  be  true,  we  can  get  as  definite  information  from 
it  for  homogeneous  liquid  systems,  as  we  can  by  the  appUcation  of  the 
phase  rule  to  non-homogeneous  systems. 

In  the  course  of  the  present  series  of  investigations  it  is  intended,  among 
other  things,  to  apply  this  proposed  method  of  plotting  results,  not  only 
with  respect  to  surface  tension,  but  also  to  all  other  physical  properties 
that  can  be  readily  measured  at  the  time,  or  for  which  results  are  given 
in  the  literature;  in  other  words,  to  subject  the  method  to  a  thorough 
experimental  test. 

The  Determination  of  the  Surface  Tension. 

The  surface  tensions  of  the  sulfuric  add-water  mixtures  were  determined 
by  the  drop-weight  method,^  the  dropping  tip,  which  in  all  cases  gave 
drops  for  these  solutions  that  were  "normal"  in  profile,  being  standardized 
by  aid  of  water  at  three  temperatures^  with  the  following  result,  each 
drop-weight  value  being  the  mean  of  several  measurements,  agreeing  to 
within  a  few  hundredths  of  one  per  cent. 


k 

f^HjO  (««»•)• 

YHsO  Wyn««)- 

•HiOj 

o 

80.93 

75. 75* 

0.9360 

30 

75.8S 

71.03 

0.9361 

50 

72.21 

67.59 

0.9360 

Average,^  0.9360 

1  See  Morgan,  This  Journai.,  37,  1461  (1915). 

*  This  value  is  for  water  unsaturated  with  air.  If  air  is  bubbled  through  the  liquid 
just  before  the  determination,  the  values  of  both  y  and  w  are  slightly  larger  at  o^,  v»., 
y  B  75.87;  but  since  this  process  is  impossible  in  the  later  work  with  solutions,  owing 
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The  surface  tension  of  a  liquid  can  thus  be  found  in  dynes  per  centimeter 
at  any  temperature,  from  its  drop  weight  in  milligrams  from  this  tip  at 
that  temperature,  by  aid  of  the  equation 

yi,t  =  0.9360  X  wij. 
The  value  of  this  constant  was  redetermined  frequently  dining  the  course 
of  the  work  and  found  to  remain  unchanged.     From  the  value  of  this 
constant  the  mean  diameter  of  the  tip  used  is  calculated  to  be  approximately 
5.35  millimeters.^ 

Owing  to  the  very  viscous  nature  of  stdfuric  add  solutions  from  60 
to  90%  content,  and  their  consequent  lack  of  what  might  be  called  covering 
power,  diJB&culty  was  at  first  experienced  in  driving  the  drop  out  to  the 
extreme  edge  of  the  tip.  This  trouble  can  be  readily  avoided  in  the  case 
of  all  viscous  liquids,  however,  by  forcing  the  first  drop  out  rapidly  and 
nearly  to  maturity,  and  then  quickly  withdrawing  it.  This  process  is 
to  be  repeated  perhaps  a  dozen  times,  until  the  tip  is  seen  to  be  completely 
covered,  after  which  each  new  drop,  formed  in  the  usual  way,  goes  out  of 
itself  to  the  same  extent,  i.  e.,  to  the  extreme  edge  of  the  tip,  just  as  non- 
viscous  liquids  do  without  aid. 

As  in  all  previous  work  with  solutions,  the  weighing  vessel  is  first  charged 
with  a  small  amount  of  the  liquid,  the  vessel  and  contents  being  weighed 
before  it  is  attached  to  the  apparatus  and  placed  in  the  thermostat.  When 
the  proper  temperature  is  attained,  the  desired  number  of  drops  are  allowed 
to  form  and  fall,  and  the  vessel  removed  and  again  weighed  with  its  con- 
tents. The  difference  in  the  two  weighings  thus  gives  the  weight  of  the 
fallen  drops.  In  this  way,  the  concentration  of  the  first  and  succeeding 
drops  remains  unchanged,  for  evaporation  is  prevented  by  the  vapor 
already  present  from  the  inclosed  liquid. 

The  thermometer  used  in  the  work  was  a  certified  one,  the  temperatures 
being  fixed  to  within  ±0.05**,  while  the  weights  employed  had  been  com- 
pared with  a  standard  set. ' 

The  sulfuric  acid  which  served  as  a  basis  for  the  solutions  was  a  good 
**C.  P."  add  of  specific  gravity  1.84.  Both  gravimetric  and  volumetric 
analyses  of  this  sample  showed  that  it  contained  96.12%  of  HsSOa,  and 
therefore,  3.88%  of  water,  by  wdght.  Solutions  up  to  96.12%  add 
were  made  from  this  by  the  addition  of  calculated  amounts  of  distilled 
water,  while  those  of  higher  concentration  were  prepared  by  adding 
various  amounts  of  pure  sulfur  trioxide.  The  100%  add  thus  produced 
had  a  mdting  point  of  10.40**.  All  the  solutions,  in  addition,  were 
analyzed  gravimetrically,  with  the  result  that  no  appreciable  differences 
were  foimd  to  exist. 

to  the  loss  of  vapor  and  consequent  change  in  concentration,  the  above  pirocedure  is 
to  be  preferred  here.    At  higher  temperatures,  the  e£fect  of  contained  air  is  negligible. 
1  See  Morgan,  loc,  ciL,  p.  1466. 
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The  results  for  surface  tension,  as  well  as  for  specific  cohesion,  of  the 
various  solutions  studied  at  three  temperattu-es,  are  given  in  the  following 
table.  As  the  actual  drop  weights  observed  can  be  found,  of  course, 
from  the  surface  tension  results  given,  by  division  by  the  factor  0.9360, 
to  save  space,  these  are  omitted  in  the  table.  All  concentrations  are  ex- 
pressed in  weights  of  acid  per  100  g.  of  solution. 

Tabls  I. — Rbsxtlts. 
Column  I,  grams  HsS04  per  100  g.  of  solution;  2,  mols  of  SOi  per  100  mols  of 
mixture;  3,  temperature;  4,  surface  tension  in  dynes  from  ft  »  constant  X  w/;  5, 
specific  cohesion,  a\  from  y  and  d;  6,  specific  cohesion  from  interpolation  formulas; 
7  and  8,  the  values  of  the  coefficients  a  and  p  of  the  interpolation  formula  for  the  varia- 
tion in  surface  tension  with  temperature,  for  the  concentration  in  question,  vtM,, 
yt  ^  y^  +  orf  +  ^t  where  7o  in  very  case  is  the  value  presented  for  that  concen* 
tration  at  0°  in  Column  4. 


4.67^ 


8.93 


16.40 


22.73 


28.18 


32.90 


37.05 


2. 

3. 

4. 

5. 

6. 

0 

0** 

75.75           1 

[5.46          ] 

^544 

30 

71.03           1 

[4.56          ] 

14.46 

50 

67.59          J 

[396          ] 

13.90 

0.89 

0 

75.35 

14.87 

14.91 

30 

71.15 

E4.15 

14-14 

50 

67.96 

13.64 

13.63 

1.74 

0 

75.27 

14.42 

14.40 

30 

71.31 

[3.80 

13.83 

50 

68.26 

13.34 

13.37 

3.36 

0 

75.66           1 

3.76            3 

^379 

30 

71.87           ] 

3.25            1 

t3.24 

50 

68.95           1 

[2.84            ] 

[2.88 

4.88 

0 

76.07           ] 

3.24            ] 

13.23 

30 

72.62           ] 

[2.84            ] 

[2.84 

50 

69.80          ] 

[2.48            ] 

[2.49 

6,30 

0 

76.56 

[2.83 

[2.84 

30 

73.10 

[2.46 

[2.46 

50 

70.52 

[2. 16 

[2.15 

7.63 

0 

76.91           ] 

[2.49 

[2.48 

30 

73  60         ] 

[2.16 

[2. 16 

50 

71.24         ] 

[1. 91 

[1. 90 

8.89 

0 

77.02 

[2. 16 

[2. 16 

30 

73.97 

[1. 89 

[1. 89 

50 

71.70 

[1.66 

[1.66 

.1485 


.1283 


.1197 


.1154 


.0994 


.1071 


.1057 


>.0946 


.000294 


.00039 


.00041 


>. 000378 


>.  00052 


.000274 


.000154 


.000237 


1  This  concentration  corresponds  within  less  than  0.1%  to  that  solution  investi- 
gated in  1912  by  Morgan  and  Bole  (This  Journal,  35,  1756),  who  used  a  larger  tip, 
standardized  with  both  water  and  benzene.  An  idea  of  the  reproducibility  of  the  sur- 
face tension  results  by  the  drop-weight  method  can  perhaps  be  best  obtained  from  the 
comparison  of  the  two  sets  of  values  given  below: 

I.  M.  &  B.  M.  ft  D. 

o**  75.39  75.35 

15  73 .33  73 .  34  (interpolated) 

30  71.15  71.15 
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Tabus  I  (canUnued), 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

40.71 

10.07 

0 

77.05        ] 

[1.88         ] 

[1.88 

30 

74.27 

[I.65          ] 

[1. 65 

— 0.0838 

—0.000297 

50 

72 . 12        ] 

11.44         3 

[1. 44 

70 

69.50 

... 

42.38 

10.63 

0 

77."        3 

11.75          3 

11.74 

30 

74.34 

[I. 53         ] 

11.53 

— 0.0880 

—0.000145 

50 

72.35        ] 

[1,34         3 

11.33 

43.97 

II. 18 

0 

77.02        ] 

[I. 61         ] 

[1. 61 

30 

74.39 

ti.41          3 

[1. 41 

— 0.0800 

— 0.000257 

50 

72.38        ] 

[I. 23         ] 

[1. 23 

45.46 

11.72 

0 

76.97        ] 

11.49         1 

[1. 48 

30 

7442        3 

[1. 30         3 

[1. 30 

— 0.0766 

— 0.00028 

50 

72.44        3 

[I. 12         ] 

[1. 13 

46.88 

12.24 

0 

76.80        ] 

[1. 36         ] 

11.36 

30 

74.46        I 

[I. 19         ] 

[1. 19 

—0.0663 

— 0.00039 

50 

72.51        ] 

[1. 02         ] 

[1. 03 

48.06 

12.68 

30 

74.37            3 

[1. 09         1 

[1. 10 

48.23 

12.75 

0 

76.57            J 

[I. 21         ] 

[1. 24 

30 

74-34         3 

[I.07         ] 

[I.09 

—0.0637 

— 0.00036 

50 

72.50         ] 

[O.92         ] 

10.93 

49.51 

13.24 

0 

76.41         1 

[I.09         1 

[1. 12 

30 

74.30         ] 

[O.97         3 

[O.98 

— 0.0582 

— 0.00041 

50 

72.49         1 

[O.82         ] 

[O.84 

54.10 

15. II 

0 

75.82         1 

[O.65         ] 

[O.67 

30 

74.06         ] 

to. 59           3 

10.59 

.... 

50 

72.41         ] 

[O.46           ] 

[O.48 

57.86 

16.76 

0 

75.17         1 

[O.28           ] 

[O.29 

30 

73.80         1 

[0.27        : 

[O.25 

— 0.0263 

— 0.00065 

50 

72.24         ] 

[0.16        ] 

[O.16 

61.08 

18.28 

0 

74.45 

9.95 

9.92 

30 

73.29 

9.96 

9.97 

—0.0235 

— 0.00051 

50 

72.01 

9.90 

9.90 

66.23 

20.94 

0 

73.39 

9.45 

9.45 

30 

72.47 

9.49 

9.52 

—0.0152 

— 0.00052 

50 

71.34 

9.45 

9.45 

70.18 

33.18 

0 

72.21 

9.03 

9.06 

30 

71.63 

9.12 

9.14 

— 0.0058 

— 0.00084 

50 

70.41 

9.06 

9.06 

72.95 

24.89 

0 

71.49 

8.77 

8.75 

30 

71.00 

8.86 

8.85 

+0.0085 

— O.OO0B3 

50 

69.85 

8.81 

8.81 

75.84 

26.78 

0 

70.63 

8.48 

8.48 

30 

70.03 

8.56 

8.53 

+0.0028 

50 

68.87 

8.51 

8.52 

79.69 

29.51 

0 

69.06/ 

8.08 

8.09 

30 

68.66 

8.18 

8.16 

+0.0314 

— O.OOI3 

50 

67.24 

8.10 

8.12 
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Tabj 

U3  I  {continued). 

1. 

2. 

3. 

4. 

5. 

6. 

83.06 

32.14 

0 

67.22 

7.70 

7.71 

30 

66.72 

7.78 

7.78 

50 

65.47 

7.73 

7.72 

86.26 

34.89 

30 

64.12 

7.36 

7.38 

87.29 

35.80 

0 

64.12 

7.19 

7.19 

30 

63.29 

7.23 

7.25 

50 

62.20 

7.19 

7.18 

89.29 

37.70 

0 

62.06 

6.91 

6.93 

30 

61.24 

6.94 

6.97 

50 

60.10 

6.90 

6.92 

91.82 

40.25 

30 

58.34 

6.57 

6.60 

92.62 

41.09 

30 

57.53 

6.46 

6.48 

50 

56.70 

6.44 

6.46 

93.63 

42.20 

0 

57.06 

6.29 

6.29 

30 

55.56 

6.33 

6.33 

50 

56.42 

6.30 

6.30 

94.49 

43.16 

0 

56.18, 

6.19 

6.19 

30 

55.44 

6.21 

6.18 

50 

54.67 

6.19 

6.20 

95.15 

43.89 

30 

54.68 

6.13 

6.13 

95.66 

44.51 

0 

54.98 

6.05 

6.04 

30 

54.28 

6.07 

6.06 

50 

53.61 

6.06 

6.06 

96.13 

45.05 

0 

54.44 

5.99 

5.99 

30 

53.67 

6.00 

6.01 

50 

53.08 

6.00 

6.01 

96.89 

45.98 

30 

52.79 

5.90 

5.91 

97.32 

46.51 

30 

52.33 

5.85 

5.86 

99.20 

48.92 

30 

50.23 

5.63 

5-61 

99.46 

49.27 

30 

j;o.o8 

5.61 

5.60 

99.80 

49.72 

30 

49.63 

5.56 

5.56 

50 

49.06 

5.56 

5-54 

100.00 

50.00 

30 

49.62 

5.56 

5.52 

100.80 

30 

49.47 

101.60 

30 

49.53 

103.40 

30 

49.62 

103.60 

30 

49.72 

103.05 

30 

49.91 

103 .  10 

30 

49.98 

IP3.45 

30 

50.01 

•fo.oioS 


.0114 


.0094 


.00092 


.00054 


.00060 


>.oo83 


.0165 


.0171 


.0235 


.00044 


.00028 


.0003I 


.000075 


As  it  was  found  impossible  to  express  directly  the  variation  in  surface 
tension  with  percentage  composition  at  any  one  temperature,  by  aid  of 
an  equation^  various  indirect  methods  were  tried  which  would  enable 
one  ultimately  to  interpolate  with  accuracy  the  value  of  7  at  any  desired 
concentration.    The  method  which  was  finally  adopted  was  one  employ- 
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ing  the  values  of  specific  cohesion  (a*),  which  were  obtained  by  aid  of 
the  densities  of  Domke  and  Bein,^  from  the  general  equation 

at  - 


9.8od, 

The  values  of  a'  so  obtained,  when  plotted  against  the  molar  percentage 
of  SOs  (i.  e,,  mpls  of  SOs  per  100  mols  of  mixture),  were  found  to  give  a 
ciu^e  which  could  be  broken  up  into  a  series  of  straight  lines  for  inter- 
polation purposes.  In  this  way  it  is  possible  to  find  a}  at  any  desired 
concentration  and  0°,  30**  or  50^,  to  calculate  from  it  and  the  density 
the  corresponding  value  of  7,  and  then  from  the  temperature  variation 
of  y  (found  from  the  values  at  the  three  temperatures)  to  calculate  y 
at  the  desired  temperature  and  concentration.* 

The  two  values  of  a'  thus  found  are  given  in  Columns  5  and  6  of  the 
table,  and  are  included  for  the  reason  that  only  through  the  variation 
of  a*  with  the  composition  can  values  of  7  be  interpolated  at  concentra- 
tions and  temperattu-es  other  than  those  given. 

Discussion  of  the  Results. 

In  Pig.  I  the  above  results  are  shown  graphically,  the  ordinates  being 
stuiace  tensions  in  d3mes  and  the  abscissas  percentages  of  sulfuric  acid 
(grams  in  100  g.  of  solution).  As  will  be  observed,  there  is  a  decided 
maximum  of  surface  tension  in  each  of  the  isotherms,  which  shifts  mate- 
rially in  terms  of  concentration  with  a  change  in  temperatture,  and  becomes 
more  marked  as  the  temperature  increases,  showing  that  the  surface 
tension  of  all  solutions  is  less  influenced  by  a  change  in  temperatture 
than  is  that  for  water.  Furthermore,  since  both  the  addition  of  sulfuric 
acid  to  water,  as  well  as  that  of  water  to  sulfiuic  acid,  increases  the  surface 
tension,  solutions  of  different  concentrations  may  have  the  same  suriace 
tension  value  at  the  same  temperature;  for  example,  at  0°,  when  the 
concentrations  of  acid  are  approximately  28%  and  48%,  the  surface- 
tensions  are  identical.  In  a  similar  way,  the  addition  of  sidftu:  trioxide 
to  absolute  sulftuic  add  (SOS-H2O)  also  increases  its  surface  tension. 

*  Landolt-B6mstein-Roth,  Tabellen,  191 2,  pp.  265-6. 

*  The  eqtiations  for  this  purpose  are  to  be  obtamed  by  aid  of  the  following  table: 

ac*  =  X  —  yc. 
(c  «  mols  SO»  per  100  mols  of  mixture.) 
0*.  30*  50* 

Range  of  e.  x.           y.  Range  of  c.          x.            y, 

0.885-3.36  14.457  0.362  1.74-3.36     13.903  0.305 

3.36-6.30  14.156  0.269  3.36-6.30     13.738  0.257 

6.30-16.76  13.755  0.209  6.30-16.76   13.341  0.189 

16.76-26.78  13.062  0.169  16.76-23.18   12.994  0.169 

26.78-43.16  12.446  0.145  23.18-35.80  12.525  0,149 

43.16-48.92  10.606  0.102  35.80-42.20  12.054  0.136 

48.92-49.72  9.354  0.076  42.20-49.72  10.515  O.IOO 


Range  of  c. 

*.           y. 

0-1.74 

15.444  0.601 

1.74-4-88 

15.056  0.377 

4.88-7.63 

14.567  0.274 

7.63-18.28 

14.272  0.238 

18.28-24.89 

13.167  0.177 

24.89-42.20 

12.287  0. 142 

42.20-45.05 

10.802  0.107 
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If  this  curve  were  examined  by  one  who  beUeves  that  the  property- 
composition  curve  can  lead  to  definite  information  as  to  the  existence 
of  compounds  in  solutions,  he  would  possibly  fix  the  apparent  point  of 
inflection  existing  at  a  concentration  of  about  85%  acid  as  indicating 
the  presence  of  the  hydrate  H2SO4.H2O.     It  is  true  that  such  a  compound 

60 


75 


Tension 

8^5 
^50 

45 

10  20  30  40  SO  60  70  QO  SO  100  101  mm  104  105 

Per  cent  Sulfuric  Acid 

Fig.  I. 

is  proven  to  exist  by  the  phase  rule,  and  further,  at  least  one  other  physical 
property  shows  irregularities  at  this  concentration  when  so  treated;^ 
but  as  far  as  this  one  curve  is  concerned  the  indication  must  be  regarded 
as  altogether  too  faint  for  the  drawing  of  any  definite  conclusion. 

In  Fig.  2  is  presented  a  graph  similar  to  that  given  by  Rdntgen  and 
*  See  Washburn,  loc.  cit.,  p.  407. 
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Schneider,^  and  shovring  the  relationship  between  surface  tension  and 
compressibility  of  sulfuric  add-water  solutions.  Although  a  direct 
comparison  of  our  surface-tension  results  with  theirs  is  impossible,  as  they 
employ  arbitrary  tmits  for  the  expression  of  surface  tension,  the  dose 
similarity  of  the  two  surface-tension  curves  can  be  taken  as  showing 
that  the  restdts  would  agree  very  dosdy  if  expressed  in  the  same  units. 
Since  their  compressibiUty  results  are  given  at  18^,  it  was  necessary  for 
us  to  interpolate  values  of  7  for  that  temperature  by  aid  of  columns  7 
and  8  of  Table  I;  it  is  from  these  that  our  surface-tension  curve  here  is 

r 

SP 
en 


.1 


CO 


Percent.  Sulfuric 

Fig.  2. 

made  up,  and  from  which  the  dotted  cin^e  in  Fig.  i  was  plotted.  Owing 
to  the  artifidal  unit  selected  by  R5ntgen  and  Sdmdder  for  the  expression 
of  the  compressibility  results  in  their  ciu^e,  viz.,  molecular  compressibility, 
which  is  the  relative  compressibility  expressed  in  terms  of  water,  when 
the  change  in  volume  is  measured  as  taking  place,  not  in  equal  volumes, 
but  in  volumes  which  contain  an  equal  number  of  mols,  it  is  difficult 
to  see  what  significance  they  hoped  to  show  by  the  fact  that  the  two 
curves  form  such  a  symmetrical  figure,  for  when  plotted  in  any  other 
terms  they  show  no  such  rdationship. 

In  Pig.  3  are  grouped  the  etudes  plotted  according  to  the  Denison  method, 

>  Ann.  Physik.  u.  Chem.,  29,65  (1886).    See  also  Whatmough,  Z.  physik.  Chem.,  39, 
165  (1901). 
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using  the  extents  of  the  deviation  from  the  mixture  law  as  the  ordinates, 
and  percentages  by  weight  of  the  liquid  mixttu'e  as  the  abscissas.  The 
surface  tensions,  according  to  the  mixture  law,  as  stated  above,  are  cal- 
culated here  from  the  values  of  that  property  for  the  constituents  at  the 
temperature  in  question,  and  the  proportions  in  which  they  are  present. 
Thus  for  a  solution  containing  4.67  g.  of  sulfuric  acid  to  95.33  g.  of  water, 
since  the  7  values  at  0°  are,  respectively,  50.2  and  75.75  dynes,  we  have 

7mixt.  =  (0.0467  X  50.2)  +  (0.9533  X  75-75)  =  74-55  dynes. 
In  this  way  the  deviations  shown  in  Table  II  are  obtained,  from  which 
the  above  ciu^e,  A  of  Fig.  3,  is  obtained. 

Table  II. — Surfacb-Tbnsion  Dbviations. 
Column  I  gives  g.  HsS04  per  100  g.  of  solution.     II  gives  value  of  y  obs.  minus  7  calc, 
where  7  calc.  is  found  from  the  mixture  law. 


I. 

II. 

I. 

II. 

I. 

II. 

I. 

n. 

0 

0.0 

40.71 

II. 7 

57.86 

14.2 

87.29 

10.7 

4.67 

0.8 

42.38 

12.2 

61.08 

14.3 

89.29 

9.1 

8.93 

1.8 

43.97 

12.5 

66.23 

14.6 

93.63 

5.2 

16.40 

41 

45.53 

12.9 

70.18 

14.4 

94.49 

4.6 

22.78 

6.1 

46.88 

13.0 

72.95 

14.4 

95.66 

3^7 

28.18 

8.0 

48.23 

13. 1 

75.84 

14  3 

96.12 

3.2 

32.90 

9.6 

49.51 

13.3 

79.69 

13.7 

100.00 

0.0 

37  05 

10.7 

54.15 

13.9 

83.06 

12.7 

.... 

The  values  for  viscosity  are  taken  from  Dunstan;*  the  electrical  con- 
ductivities are  those  at  18®  as  given  by  Kohlrausch;*  the  densities  are 
those  of  Domke  and  Bein'  as  reproduced  in  the  above  Tabellen  (265- 
266);  the  refractive  indices  are  those  found  by  Veley  and  Manley;*  while 
the  relative  compressibilities  are  those  already  mentioned  of  Rontgen 
and  Schneider.  In  all  cases  the  deviations  of  these  results  have  been 
calculated  in  the  same  way  as  that  illustrated  above,  so  it  will  be  un- 
necessary to  present  the  actual  values  here. 

As  will  be  observed,  maxima  are  esdbibited  by  all  the  properties  con- 
sidered in  the  figure  which,  according  to  Denison's  theory,  should  indicate 
that  compounds  are  formed  in  every  case  by  the  interaction  of  the  con- 
stituents, the  composition  of  a  compound  always  being  identical  with 
that  of  the  mixture  at  the  point  of  maximum  deviation. 

The  deviation-of-property-composition  cur^e  for  surface  tension  in- 
terpreted in  this  way  would  show  the  existence  in  solution  of  a  compound 
of  the  formula  H2SO4.3H2O,  which  corresponds  to  about  65%  sulfuric 
acid. 

According  to  the  deviation-composition  ciu^e  for  the  index  of  refraction^ 

^  /.  Chem.  Soc,  91,  85  (1907);  Proc.  Chem.  Soc,  30,  104  (1914). 

*  lyandolt-Bdmstein-Roth,  Tabellen,  191a,  pp.  1099-1100. 

*  Z.  anorg.  Chem.,  43,  125  (i905)- 

*  Proc.  Roy.  Soc,  (A)  76,  469-87  (1905). 
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a  compound  is  indicated  in  the  vicinity  of  80%,  while  85%  would  indicate 
HsS04.HsO  and  73%  add  corresponds  to  HsS04.2HfO — ^the  former  com- 
position being  indicated  by  a  maximum  deviation  in  the  compressibility 
deviation  curve  at  that  point  also.  The  curves  for  the  deviation  of  the 
other  three  properties  considered  show  either  two  or  three  maxima  each. 
Those  for  density  indicating  compounds  of  the  formula  H2S04.i2HfO 
(30%  acid)  and  H2SO4.H2O  (85%  acid),  while  conductivity  also  leads  to 
H1SO4.12H1O  (30%  acid)  as  well  as  to  3H2SO4.H2O  (94%  add);  and, 
finally  viscosity  shows  its  three  maxima  at  HSSO4.4H2O  (58%  add), 
H2SO4.H1O  (85%  add)  and  dther  3H,S04.H20  (94%)  as  with  conductivity, 
or  4H2SO4.H2O  (95%)»  5H2SO4.H2O  (96%),  it  is  impossible  to  dedde 
which  from  the  data 

It  is  to  be  remembered  here  that  the  phase  rule  consideration  of  this 
system,  SO9  in  water,  indicates  the  existence  of  the  foUovdng  solid  hy* 
drates:  H2SO4.4H2O,  H2SO4.2H2O,  and  H2SO4.H2O,  only  the  latter  existing 
as  a  solid  above  — 15  °. 

Unless  the  approximate  position  of  the  point  of  maximum  deviation 
is  first  found,  and  later  examined  very  dosdy,  at  small  concentration 
intervals,  errors  in  fixing  the  real  maximum  point  up  to  perhaps  5% 
might  well  be  present,  which  could  account  for  some  of  the  only  ap- 
proximate agreements  in  concentration  noticeable  at  the  maxima  above. 
This  would  also  account  for  the  uncertainty  as  to  which  compound  is 
shown  by  viscosity  by  the  last  maximum  point  considered,  and  by  com- 
pressibility. 

In  coimection  with  the  finding  of  certain  compounds  indicated  by  the 
aid  of  one  physical  property,  which  are  not  shown  by  others,  Denison 
calls  attention  to  the  fact  that  the  compound  formed  may  well  be  un- 
distinguishable  from  the  constituents,  using  one  ph3rsical  property  as 
the  criterion,  whereas  on  the  basis  of  some  other  property,  it  may  vary 
widdy.  If  this  be  true,  a  study  of  all  properties  would  be  necessary  to 
fix  all  existing  compounds. 

Whether  or  not  Denison's  theory  solves  the  question  as  to  the  existence 
of  compounds  in  mixed  liquids,  the  method  does,  at  any  rate,  call  attention 
to  the  various  concentrations  at  which  the  maximum  variation  from  the 
mixttire  law  is  found,  according  to  which  of  the  various  physical  properties 
is  sdected  as  a  criterion.  In  this  way,  at  any  rate,  the  contemplated 
wcxrk  of  this  series  will  call  attention  to  those  mixttu-es  which  are  charac- 
teristic in  producing  the  maximum  variation  from  the  mixture  law,  1.  e., 
will  determine  those  mixtures  which  are  most  abnormal,  so  that  in  time, 
perhaps,  not  only  will  it  be  possible  to  prove  the  Denison  theory  to  be 
correct  or  incorrect,  but  in  the  latter  case,  by  a  statistical  study,  to  make  an 
equivalent  step  forward  in  answering  the  question  as  to  what  happens 
when  two  liquids  are  mixed. 
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Summaxy. 

The  results  of  this  research  may  be  summarized  briefly  as  follows: 
(i)  More  than  one  hundred  determinations  of  the  surface  tension  of 
forty-eight  concentrations  of  sulfuric  add  in  water,  at  various  tempera- 
tures, have  been  made  by  aid  of  the  drop-weight  method,  and  formtilas 
provided  by  which  the  surface  tension  and  specific  cohesion  can  be  calcu- 
lated at  any  concentration  and  temperatiu^  between  o^  and  50^.  A 
method  is  also  given  which  obviates  any  difficulty  produced  in  the  drop- 
weight  method  by  high  viscosity  and  poor  covering  power. 

(2)  It  is  found  that  both  the  addition  of  sulfuric  add  to  water,  as  well 
as  that  of  water  to  sulfuric  add,  causes  an  increase  in  the  surface  tension, 
so  that  different  concentrations  of  sulfuric  add  may  have  identical  surface- 
tension  values  at  the  same  temperature.  The  addition  of  SOt  to  sulfuric 
add  (SOs.HiO)  also  increases  the  surface  tension. 

(3)  If  the  property-composition  curve  means  anything  as  to  chemical 
interaction,  it  can  be  assumed,  perhaps,  from  the  surface-tension  results 
to  indicate  the  existence  of  the  hydrate  HaS04.HtO  at  85%  add. 

(4)  The  application  of  the  theory  of  £)enison,  that  the  deviation  of  a 
property  from  the  mixture  law  plotted  against  the  composition,  shows 
at  the  point  of  maximum  deviation  the  presence  of  a  compound  identical 
in  composition  with  that  of  the  solution  leading  to  that  maximum  devia- 
tion, indicates  the  following  hydrates  in  water  solutions  of  sulfuric  add, 
according  to  the  property  which  is  taken  as  a  criterion: 

HjS04.H20  by  density,  compressibility  viscosity  (and  refraction) ; 
HjS04.2HiO  (by  refraction) ; 
H2SO4.3H2O  by  surface  tension; 
3HJSO4.H2O  by  conductivity  (and  viscosity) ; 
HJSO4.12H1O  by  conductivity  and  density; 
4HjS04.HjO  or  5H2S04.H,0  (by  viscosity). 
N«w  YoBK  Cm. 
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THE  TERNARY  STSTEM  CaO-AlsOr-MgO. 

Bt  G.  a.  Rankin  and  H.  E.  Msrwin. 
Received  Jmnuarj  21,  1916. 

The  study  of  a  three-component  system  can  be  undertaken  only  if  the 
equilibrium  relations  in  the  three  S3rstems  of  two  components  have  pre^ 
viously  been  ascertained,  a  prerequisite  of  which  again  is  that  the  proper- 
ties of  the  pure  components  be  adequately  known.  Similarly,  before  one 
can  proceed  to  the  investigation  of  a  four-component  system — at  least 
with  the  hope  of  a  successful  outcome — one  must  have  elucidated  the  equi- 
librium relations  in  the  four  possible  systems  made  up  of  combinations 
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of  three  of  the  coniponeiits.  The  study  of  the  important  system  of  the 
oxides  CaO,  AlsOt,  SiOs,  MgO  has  reached  the  point  that  two  of  the 
ternary  systems  have  now  been  completed;  the  results  obtained  on  the 
S3rstem  CaO-AltOt-SiOi  were  published- recently,^  while  the  present 
paper  is  a  record  of  the  study  of  the  system  CaO-AltOr-MgO.^  The 
present  S3rstem  has  involved  no  problem  as  interesting  as  that  <rf  the  con- 
stitution of  Portland  cement  clinker,  a  knowledge  of  which  was  one  of 
the  results  of  the  work  on  the  system  CaO-AltOr^Os;  nevertheless  it 
was  necessary  to  work  this  system  out,  since  the  relation  in  any  ternary 
system  cannot  be  deduced  by  analogy  with  any  similar  system,  but  can 
only  be  learned  by  experiment.  In  this  system,  as  it  happens,  the  sub- 
stances stable  in  contact  with  melts  containing  only  the  tiliree  compon- 
ents include  no  ternary  compounds,  and  are  only  eight  in  number  (in- 
clusive of  the  components  themselves)  whereas  in  the  CaO-AlcQr^iOi 
system  the  corresponding  number  is  fourteen. 

In  the  following  pi^;es  we  discuss  the  equilibrium  relations  of  the  several 
oystalline  phases  which  separate  from  anhydrous  melts  containing  only 
the  oxides  CaO,  AlsOt,  MgO — ^in  other  words,  the  solubility  of  the  several 
solid  phases  in  such  Uquids.  These  relations  have  been  ascertained,  by 
means  of  determinations  of  melting  temperatures  and  optical  character- 
istics of  the  components  and  compounds,  throughout  the  range  of  con- 
centrations within  which  they  occur  as  stable  solid  phases.  The  general 
principles  upon  which  the  mode  of  experiment  is  based,  as  well  as  most 
of  the  actual  methods  employed,  have  been  fully  described  in  a  previous 
X>aper,  to  which  the  reader  is  referred.* 

One  paper  dealing  with  the  three  binary  systems*  has  already  been 
published.  In  the  present  paper  we  are  able  to  give  some  new  data  on 
the  systems  MgO-Al^Oa  and  CaO-MgO. 

The  Components  and  Binary  Systems. 

In  presenting  the  results  obtained  from  a  study  of  the  components 
and  binary  systems,  we  will  consider  only  such  new  data  as  has  not  al- 
ready been  published.  This  will  include  a  study  of  the  component  MgO, 
a  new  form  of  the  component  AI2O8  and  the  binary  systems  MgO-CaO 
and  MgO-AljOs.  The  results  obtained  from  the  study  of  CaO  and  the 
system  CaO-AljOs  are  given  in  the  previous  paper. 

Magnesia,  MgO. — ^The   melting   point   of   MgO   as   determined   by 

^  Rankin  and  Wright,  Am,  J,  Sci,,  [4]  39,  i  (1915)- 

'  A  portion  of  the  system  CaQ-MgO-SiOs  has  also  been  investigated  already. 
See  paper  by  N.  L.  Bowen,  "The  Ternary  System  Diopside-Forsterite-Silica,"  Am, 
J.  Set,,  M  38,  207  (1914). 

•  Rankin  and  Wright,  Am,  J,  Set.,  [4]  39,  i  (i9i5)»  referred  to  hereafter  as  the 
previous  paper. 

*  Am,  J.  Sci.,  [4]  38,  293  (1909). 
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Kanolt  is  2800^.^    No  indications  of  a  second  form  have  so  far  been  ob- 
served. 

In  silicate  melts  MgO  crystals  are  not  faceted,'  but  with  CaO  and  AlaOs 
present  sharply  bounded  and  skeletal  octahedrons,  sometimes  modified 
by  the  cube,  were  seen  frequently. 

Aluminay  A1203. — ^This  investigation  has  shown  that  alumina  occurs 
in  two  distinct  forms:  (i)  a-Al208  (artificial  corundum)  is  the  only  form 
which  has  previously  been  described;  the  melting  point  of  this  form  as 
determined  by  Kanolt  is  2050®;'  (2)  j8,  the  new  form  of  alumina,  is  found 
to  occur  occasionally  in  charges  of  pure  alumina  which  have  been  melted 
and  slowly  cooled.  Having  once  formed,  it  has  not  been  found  possible 
to  cause  this  P  form  to  revert  to  the  a  form,  even  when  held  at  tempera- 
ttires  above  or  below  that  required  for  melting.  The  presence  of  a  small 
amount  of  MgO  (0.5%)  materially  assists  the  formation  of  this  new  form, 
while  melted  altmiina  containing  small  amounts  of  either  CaO  or  SiOr 
when  cooled  has  been  found  to  crystaUize  as  the  a  form  (corundum).  It 
would  appear  therefore  that  /S-AI2OJ  may  be  monotropic  with  respect  to- 
the  a  form,  although  the  exact  relation  existing  between  these  two  forms 
is  uncertain  by  reason  of  the  experimental  difficulties  involved  in  investiga- 
tions requiring  such  extremely  high  temperature. 

^-AlaOs  is  hexagonal,  often  appearing  in  groups  of  over-lapping  tri- 
angular plates  with  perfect  basal  cleavage.  The  refractive  index  e  appears 
to  vary,  even  in  preparations  made  from  our  purest  alumina,  due  account 
being  taken  of  the  difficulty  of  getting  properly  oriented  sections.  The 
values  found  are  i .  635  to  i .  650.  In  the  same  preparations  «  was  i  .677  ^ 
0.003.  In  preparations  containing  MgO,  e  may  be  as.  low  as  1.629, 
and  w  may  vary  between  i .  665  and  i .  680.  But  no  relation  between  the 
content  of  MgO  in  the  melt  and  the  refractive  index  of  the  crystals  has 
appeared. 

Some  artificial  alumina*  abrasives  have  been  found  to  contain  small 
amounts  of  this  fi-AUOz  having  €  =  i  .631  and  w  =  i  .674. 

The  Binary  System:  Lime-Magnesia.— It  was  found  that  in  all  fused 
mixtures  of  CaO  and  MgO  the  two  oxides  crystallize  out  side  by  side, 
showing  no  evidence  of  combination,  that  is,  there  is  no  compound  formed 
stable  in  contact  with  melt.  The  concentration  temperature  diagram 
for  the  system  CaO-MgO  is  given  in  Fig.  i.  The  melting  points  of  CaO 
and  MgO  are  taken  as  2570°  and  2800°,  respectively,  the  values  deter- 
mined by  Kanolt  at  the  Bureau  of  Standards.  The  eutectic,  as  obtained 
>  Kanolt,  /.  Wash,  Acad.  Sci.,  3,  315  (1913). 

*  Anderson,  Am.  J.  Set.,  [4]  39,  421  (1915). 

*  /.  Wash.  Acad.  Sci.,  3,  315  (1913). 

*  /9-AlsOt  separated  from  an  artificial  alumina  abrasive  was  analyzed  by  H.  S. 
Washington  and  found  to  have  the  chemical  composition  AltO»;  its  density  is  3.30  ^ 
o.oi . 
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by  e]ctrapolation  of 
the  CaO-MgO  bound- 
ary in  the  ternary  sys- 
tem CaO-AlaOr-MgO, 
has  the  approximate 
composition  67%  CaO, 
33%  MgO  and  its 
melting  point  is  2300® 

The  BinarySystem: 
Magnesia  -  Alumina. 
—  MgO  and  AljOa 
combine  tp  form  but 
a  single  compound, 
MgO.  AljO,  (MgO  28.4 
%,Al20,7i.6%).  This 
compound  is  stable 
at  its  melting  point, 
which  is  2135**  ^  20** 
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Pig.    I. — Conoentration-temperature  diagram  for  the 

system  lime- magnesia. 

With  MgO,  MgO.AljOa  forms  a  eutectic  of  the 


composition  MgO  45%,  AlsOs  55%;  its  melting  point  is  2030^ 
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Pig.  2. — Concentration-temperature  diagram  for  the  system  magnesia-alumina. 
Pig.  20. — Concentration-temperature  diagram  for  the  system  spinel-alumina. 

It  was  folmd  exceedingly  difficult  to  establish  definitely  the  relations 
existing  between  the  compound  MgO.Al208  and  the  two  forms  of  AfeOs. 
This  is  due  to  the  fact  that  since  i8-Al203  is  apparently  monotropic  with 
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respect  to  the  a  form,  it  is  not  possible  to  define  conditions  for  the  prepara- 
tion of  melts  which  on  cooling  will  crystallize  to  give  MgO-AlsOs  and  the 
desired  form  of  AlaOs.  However  from  the  optical  examination  of  the 
crystals  which  have  separated  in  a  large  number  of  experiments,  it  appears 
that  the  compound  MgO.AUOs  forms  with  a-AliOz  a  nearly  complete 
series  of  solid  solutions,  but  with  ^-AljOs  it  does  not  enter  into  solid  solu- 
tion except  that  the  fi-AltOt  seems  to  take  a  limited  amount  of  MgO.* 
AlsOs  in  solid  solution.  Nevertheless,  one  cannot  predict  which  alterna- 
tive will  happen  in  any  particular  case;  for  under  apparently  identical 
conditions  of  melting  and  cooling  sometimes  the  solid  solution  will  be 
formed,  sometimes  the  MgO.Al208  along  with  the  /S-AUOj.  These  rela- 
tions are  represented  by  ooncentration-temperatiure  diagrams;  Fig.  a, 
that  for  the  system  MgO-a-AljOa  and  Fig.  2a,  that  for  the  system  MgO.- 
Al203-^-Al208.  In  these  diagrams  the  melting  temperatures  for  the 
various  mixttures  are  represented  by  dotted  lines,  for  the  reason  that  no 
satisfactory  melting  temperatures  could  be  obtained  except  for  pure  MgO — 
2800'';  pure  MgO.Al20s  —2135**  =*=  20°;  pure  AljOs— 2050**  =*=  20**;  the 
eutectic^MgO-MgO-AlaOs  (45%  MgO,  55%  AljOg)— 2030**  =*=  20**;  the 
cutectic  a-AljOf-MgO-AlaOs  (98%  AlaOj,  2%  MgO)— 1925 "*  =*=  40''; 
and  the  eutectic  /J-AljOi-MgO-AfcOj  (92%  AliOa,  8%  MgO)— 1925  **  =fc 

The  Optical  Properties  of  the  crystals  separating  in  the  different  parts 
of  the  spinel  field  are  not  very  different  from  those  of  pure  spinel,  although 
some  of  these  crystals  do  not  contain  more  than  8%  of  theoretical  spinel. 
For  example,  from  the  melt  AfcOg  98%,  MgO  2%  there  separated  about 
90%  spinel  and  10%  of  the  two  forms  of  AfcOs.  The  refractive  index, 
n,  of  this  spinel  was  1.733.  From  another  melt  spinel  containii^^ 
its  own  weight  of  dissolved  alumina  had  a  refractive  index  of  1.726.  A 
practically  piu-e  spinel  made  in  the  iridium  furnace^  had  n  =  1.7 18  * 
0.002.  The  mean  refractive  index  of  a-AljOj  (corundugi)  is  1.765  and 
of  i8-Al208  is  about  1.665.  Thus  the  refractive  index  of  spinel  oystab  of 
intermediate  composition  is  not  even  an  approximate  additive  function 
of  the  refractive  indices  of  two  end  members.  Such  a  relation  might, 
however,  exist  if  both  forms  of  AI2OS  are  dissolved  in  the  same  spinel 
oystal.  The  spinel  is  strictly  isotropic  unless  the  alumina  is  greatly  in 
excess,  in  which  case  double  refraction  appears  and  increases  with  the 
content  of  alumina  to  perhaps  0.003.  The  value  is  hard  to  estimate 
for  the  grains  then  contain  a  fine,  irregular  lattice  which  extinguishes  as  a 
unit,  and  the  elements  of  which  seem  to  extend  in  three  rectangular  direc- 
tions. 

The  Identification  of  Spinel  in  Presence  of  Periclase  was  found  to  be  im- 
1  A  similar  preparation  melted  in  the  arc  furnace  bad  n  ^  1.723  ^  0.002.  Am}  J, 
Set,,  a8,  326  (1909). 
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practicable  by  an  optical  method  alone  owing  to  their  being  isotropic  and 
siniilar  in  refractive  index,  and  often  having  the  same  crystal  habit. 
Spinel — ^unless  in  the  process  of  dissolving — always  appeared  in  faceted 
or  skeleton  octahedra;  peridase  appeared  in  rounded  grains  as  well  as  in 
the  same  habits  as  spinel.  In  cases  of  doubt  in  identification,  the  pow> 
dered  preparation  was  warmed  on  the  sUde  with  a  few  drops  of  mixed 
nitric  and  hydrochloric  adds  diluted  with  an  equal  amount  of  water. 
The  glasses,  containing  the  crystals,  and  the  peridase  dissolved  leaving 
the  spind.  By  interrupting  the  process  of  solution  partly  dissolved 
grains  of  peridase  coMd  be  identified. 

The  Binary  System:  Lime-Alumina. — ^The  results  obtained  from  the 
investigation  of  this  system  have  already  been  published.  Some  new 
optical  data,  however,  have  been  obtained  for  two  of  the  caldum  aluminates 
as  they  occur  in  ternary  mixtures  of  CaO,  AlsOi,  MgO.  The  compound 
5Ca0.3Al^s  was  here  observed  in  skdeton  tetrahedrons.  The  com- 
pound CaO.AlsQi  was  sddom  twinned  in  these  preparations  while  in  sili- 
cate mixtures  it  was  almost  invariably  twinned.  The  value  of  3V  of 
this  compound  in  siUcate  preparations  is  given  at  36^;  variations  to 
nearly  uniaxial  were  observed  during  this  investigation.  Besides  irregu- 
lar grains  and  fibers  many  crystals  which  appeared  to  be  orthorhombic 
were  observed.  No  variations  in  refractive  index  from  crystals  found  in 
the  silicate  mdts  were  noted. 

The  Ternary  System  CaO-Al,03-MgO. 

The  results  obtained  from  the  investigation  of  the  three  binary  sys- 
tems show  that  in  the  study  of  the  ternary  system  we  must  delimit  the 
regions  of  stabiUty  of  the  three  components  CaO,  AlaOs,  MgO;  the  five 
binary  compounds  3CaO.AltOi,  5Ca0.3Al40a,  CaO.Al«0«,  3Ca0.5Al208, 
MgO.Al20i,  and  in  addition  to  these  any  other  compounds,  binary  or 
ternary,  which  may  be  stable  in  contact  with  mdt.  As  a  matter  of  fact, 
in  the  present  system  no  substances  other  than  those  already  encoun- 
tered in  the  binary  system  appear. 

The  fijTSt  step  in  this  investigation  consisted  in  the  preparation  of  charges 
whose  compositions  represented  random  intervals  over  the  entire  range 
of  ternary  mixtures.  The  primary  crystalline  phase  was  then  deter- 
mined for  each  of  these  charges  which  could  be  quenched  at  some  tem- 
perature below  1600^  in  such  a  way  that  a  single  crystalline  phase  imbedded 
in  glass  could  be  obtained.  From  this  preliminary  reconnaissance  we 
located  approximatdy  the  fidds  with  their  limiting  boundary  curves  and 
quintuple  points.  With  these  general  data  as  a  basis,  other  intermediate 
diarges  were  prepared  and  their  primary  phases  determined;  this  sectu'ed 
a  more  exact  location  of  the  boundary  curves  and  quintuple  points,  the 
compositions  along  boundary  curves   (lines)  being  acctu-ate  to  within 
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Tablb  I. 

Queocfaings  Which  Determine  the  Limits 
of  the  Field  of  CaO. 

Phases  present,  glass  4-  CaO. 

Composition 
,      CaO.     AkOa. 

wt.  %. 
MgO. 

Time  in 
Temp.         hours. 

55 
53 
52 

42 
41 
42 

3 
6 
6 

1525*         0.25 
1460"*         0.5 
1480"*         0.5 

62 

37 

7 

1450*          1 .0 

53 

39 

8 

1550*         0.25 

55 

35 

lO 

1570*         0.5 

Time  in 


Tabl«  tl. 

Qnenchlngs  Whidi  Determine  the  Limits 

of  the  Field  of  sCaO.AhOt. 

Phases  present  glass  +  3CaO^WOs. 
Coupotltloii  wt.  %. 

CaO.     AliOi.     MgO.  Temp. 

54         43           3  1480*  0.25 

48         48           4  1378'  0.5 

51         43           6  1435*  0.25 

47        47          6  1360*  i.o 

TABtB  III. 

Qnenchings  Which  Determine  the  Limits 

of  the  Field  of  5Ca0.3AlsOt. 

Phases  present,  glass  +  5Ca0.3AliOt. 

Composition  wt.  %. 


CaO.     A1,0».   MgO. 

xime  in 
Temp.        Iionrt. 

48         50         2 

1410*         0.3 

48         48.5     5.5 

1370*         0.5 

42.5     51.5     6 

1370*         0.5 

44-5     49         6.5 

1400*'         0.25 

TASUt  IV. 

Quenchings  Which  Determine  the  Limits 

of  the  Field  of  CaO.AUOs. 

Phases  present,  glass  +  CaO.AlsOt. 

Composition  wt.  %. 

Time  in 

CaO.  AltOi.'  MgO.  Temp.  Iiours. 

35.2  62  2.8  1550*  0.25 

45  52  3.0  1390'*  O.S 

34  63  3-0  1560''  0.25 

37  58.5  4.5  1515'  0.5 

42  53  5  1400*  0.3 

42  32  6  1360*  0.5 

41  53  6  1373*  0.3 


Time  ia 


Time  la 


TablS  V. 

Quenchings  Which  Determine  the  Limits 

of  the  Field  of  3Ca0.3AltOt. 

Phases  present,  glass  +  3Ca0.3AltOt. 

Composition  wt.  %. 

CaO.  AliOi.  MgO.  Temp. 

33  64.3     2.3  1390**  0.23 
32  65         3  1383  •  0.3 
30.3  66         3.3  1600*  0.25 

Tablh  VI. 

Quenchings  Which  Determine  the  Limits 

of  the  Field  of  MgO.AltOs. 

Phases  present,  glass  +  MgO.A]aO|. 

Composition  wt.  %. 

CaO.     AhOt,  MgO.       Temp. 

33.5  63.3  3  1563*  0.25 

32  64  4  1370*  0.25 

30.3  63.3  4  l6iO*  0.25 

34.5  61  4.3  1345^  0.3 

30  64  6  I385'  0.3 

40  33  7  1400*  0.3 
37  53  10  1300*  0.25 

34  54  12  1373*  0.25 

Tabui  VII. 

Quenchings  Which  Determine  the  Limits 

of  the  Field  MgO. 

Phases  present,  glass  +  MgO. 

Composition  wt.  %. 

* ' *  Time  in 

CaO.   AliCn.  MgO.   Temp.    hours. 

50  43.5  6.3  1435*  0.5 

45.5  48  6.3  I375'»  0.3 

51.7  41.3  7  14^5*  0.3 

48  45  7  1400*  0.5 

46  47  7  X375*  2.0 

44  49  7  1375*  0.3 
42.5  50.5  7  1355'  2.3 

41  52  7  1375  •  0.5 
31.5  40.5  8  1300*  0.3 

45  47    3  1300'*  0.25 
43  49    8  1430*  0.3 
52  39.5  8.3  1550**  2.5 
52.5  37.5  10  1610**  0.25 
30  40   10  1465**  0.3 
45  45   10  i6oo*  0.25 
40  30   10  1423*  1.3 

35  52.5  12. 3  1380"*  0.23 
45  40   15  1430^  0.5 
45  35   20  1300**  0.3 
35  45   20  1400*  0.3 
35  30   35  i55o'  0.25 
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Tahi^h  VIII. 

Quenchings  Whkh  Determine  the  Limiu  of  the  Field  of  ^-AltO». 

Phases  present,  glass  +  AWOa. 

Composition  wt.  %. 

Temp. 

Tim*  in 

CaO. 

AlsOt.             MgO. 

A  line  m 
hours. 

20 

75                   5 

I700°» 

0.25 

'''1-0%,  and  quintuple  compositions  being  accurate  within  a   radius 
of  0.5%. 

The  data  obtained  in  this  way  are  given  in  Tables  I-VIII.  Each  of 
these  tables  contains  the  data  for  the  location  of  the  boundaries  and  quin- 
tuple points  which  deUmit  the  field  for  one  crystalline  phase.    The  limits 


Pig.  3- — Projection  of  concentration- temperature  diagram  for  the  ternary  system 
CaO-AliOr-MgO,  giving  compositions  whose  primary  phases  determined  the  loca- 
tion of  boundary  curves  and  quintuple  points. 

of  the  field  of  stability,  as  determined  by  these  data,  are  represented  in 
the  triangular  diagram,  Fig.  3.    The  dots  given  in  the  diagram  represent 
the  compositions  examined. 
^  Heated  in  iridium  furnace. 
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When  the  compositions  within  each  field,  along  each  boundary  curve 
and  at  each  quintuple  point  are  known  it  is  still  necessary  to  determine 
the  composition  of  each  unknown  oystalline  phase  and  the  equilibrium 
temperature  within  the  fields,  along  the  boimdary  curves  and  at  each 
quintuple  point.  Examination  of  ("ig.  3  shows  that  there  are  no  crystal- 
line phases  not  found  in  the  binary  series,  i.  e.,  that  there  are  no  ternary 
compounds  stable  in  contact  with  the  melts ;  altogether,  therefore,  there  are 
8  fields,  13  boundary  curves  and  6  quintuple  points. 

The  Fields. 

In  the  complete  CaO-AlsOr-MgO  dii^am  there  proved  to  be  8  separate 
fields  of  stability;  that  is,  there  are  8  separate  regions — one  for  each  chem- 
ical compound  (including  the  original  components)  which  occurs  in  the 
system — ^within  which  a  single  particular  compound  is  in  equilibrium 
with  solution  and  vapor.  Each  field  may  be  regarded  as  the  solubility 
r^on  of  a  single  compound  in  solutions  of  two  other  definite  compounds 
or  the  melting  region  of  a  single  compound  in  solutions  of  three  definite 
compounds. 

The  melting  temperatures  within  each  field  are  obtained  by  quenching 
to  determine  the  temperature  above  which  glass  (liquid)  is  obtained  and 
below  which'a  single  crystalline  phase  is  obtained  imbedded  in  glass,  as 
determined  by  optical  examination  with  the  microscope.  By  this  method 
of  procedure  it  is  possible  to  determine  melting  temperatures  up  to  1600^ — 
the  limit  of  the  platinum  resistance  furnace  in  which  quenchings  are 
made. 

We  shall  now  consider  the  fields  separately,  the  numbers  and  letters 
used  to  designate  them  being  those  given  in  Fig.  3.  Examination  of  Pig.  3 
shows  that  the  field  of  each  of  several  of  the  compounds  of  CaO  and  AlfOt 
covers  approximately  the  same  area  that  it  did  in  the  equilibrium  dia- 
gram for  CaO,  AlsOs  and  SiOs.  This  is  merely  a  strange  coincidence  which 
could  not  be  predicted,  since  the  solubility  of  a  comipound  in  one  series  of 
ternary  solutions  is  not  necessarily  the  same  as  for  any  other  series  of 
ternary  solutions. 

1.  The  field  of  lime  (CaO)  (D-i-A-CaO).— Practically  all  the  melting 
temperatures  within  this  field  are  too  high  for  determination,  and  henoe 
the  slope  of  its  melting  surface  was  deduced  from  the  melting  tempera- 
ture of  the  boundaries. 

2.  The  field  of  3CaO.AljOs  (D-1-2-E).— 3CaO.AliO»  is  a  compound 
unstable  at  its  melting  point,  wherefore  its  composition  lies  outside  of 
its  field  of  stability.  Table  IX  gives  the  quenchings  which  determine 
the  melting  temperature  of  various  compositions  within  this  field. 

3.  The  field  of  5Ca0.3Al20t  (E-2-3-F).— 5Ca0.3AltO«  occurs  in  two 
forms,  a  stable  form  and  an  unstable  form  which  occurs  in  melts  with  con- 
siderable frequency.    The  melting  slope  of  the  narrow  field  for  the  stable 
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fonn  follows  from  the  melting  temperature  of  the  boundaries  which  have 
been  ascertained. 

Tabls  DC 
Qaencliings  Which  Detennine  Melting  Temperature^  of  Various  CompotitiQfis  within 
Field  D-I-2-E;  Primary  Phase  is  aCaO-AlsOi. 
CompociUoii  wt.  %. 

Time  in  lioura.  Fhaiii  prwcBt* 

0.25  Glass 

0.25  Glass  +  3CaO.AlsOi 

i.o  Gtoss 

0.5  Glass  +  3CaO.Al|Oi 

0.5  Gtoss 

0.25  Glass  +  3CaO.A]flOi 

4.  The  field  of  CaO.AltOi  (P-3-4-5-G).— Table  X  gives  the  quench- 
ings  which  detennine  the  melting  temperatures  of  various  oompositioaa 
within  this  field. 

Table  X. 
Quendungs  Which  Determine  Melting  Temperature  of  Various  Compositions  within 
Field  F-3-4-5-G;  Primary  Phase  is  CaO.Al«Oi  (m.  p.  i6oo*  '^  5*). 
Compoaitioii  wt.  %. 


c«o. 

AliOi. 

MgO. 

Temp. 

54 

43 

3 

1490' 
1480* 

4» 

4» 

4 

1385  • 
I378* 

51 

46 

6 

1450** 
1435' 

CaO. 

AliOt. 

BCfO. 

Temp. 

Time  in  houn. 

PIlMCS  prwcBt. 

35.2 

62 

2.8 

1360* 

0.23 

GhMS 

1550' 

0.25 

Glass  +  CaO.Al|0» 

45 

52 

3 

X395* 

0.3 

Glass 

1390* 

0.5 

Glass  +  CaO.Al«Oi 

42 

32 

6 

1390" 

0.5 

Glass 

1360* 

0.3 

Glass  +  CaO.Al«Oi 

5.  The  field  of  sCaO.sAhOi  (G-5-6-H).— aCaO-sAUOi  occurs  in  two 
forms,  a  stable  form  and  an  tmstable  form,  which  is  occasionally  found 
in  melts.  Practically  all  the  melting  temperatures  within  this  field  are 
too  high  for  determination,  and  hence  the  melting  surface  was  deduced 
from  the  melting  temperatures  of  the  boundaries. 

6.  The  field  of  alumina  (AlsOs)  (H-6-C-A1«0b).— All  the  melting  tem- 
peratures within  this  field  are  too  high  for  determination  and  hence  the 
slope  of  its  melting  surface  was  deduced  from  the  melting  temperature 
of  its  boundaries. 

7.  The  field  of  MgO.AljOs  (B-4-5-6-C).— Most  of  the  melting  tempera- 
1  The  melting  temperatures,  given  in  this  table  and  those  which  follow  for  fields 

and  boundary  curves,  were  not  determined  with  the  greater  possible  accuracy,  for 
two  reasons:  (i)  It  was  possible  to  establish  the  equilibrium  relations  in  this  system 
with  approximate  determinations  of  these  temperatures.  (2)  The  essential  points 
(quintuple  points)  in  this  system  are  all  contained  within  a  small  area  of  compositions* 
80  that  the  accurate  determination  of  the  melting  temperature  of  each  of  these  points, 
together  with  the  melting  temperatures  of  pure  compounds  and  quadruple  points,  en- 
ables one  to  give  rather  accurately  the  melting  slopes  of  the  various  ternary  fields 
sad  boundary  curves. 
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tures  within  this  field  are  too  high  for  determination;  those  of  certaiii 
compositions  are  given  in  Table  XI. 

Tablb  XI. 

Quenchings  Which  Determine  Melting  Temperatures  of  Various  Compositions  within 

Field  B-4-5-6-C;  Primary  Phase  is  MgO-AljOa  (m.  p.  2135**  '^  20**). 

Composition  wL  %. 
CaO.  AbOt.  MgO.  Temp.       Time  in  hours.  Phases  present. 

37  53  ID  1535^  0.25  Glass 

isoo"*  0.25  Glass  +  MgO.AlsOt 

34  54  12  1610^  0.25  Glass 

1575  *  o .  25  Glass  +  MgO.AliOt 

8.  The  field  of  magnesia  (MgO)  (A-i-2-3-4-B~MgO).— MgO,  which 
occurs  in  but  a  single  form,  is  the  primary  crystalline  phase  for  over  one- 
half  of  the  area  of  compositions  of  CaO,  AlsOs,  MgO,  represented  in  Fig.  3. 
Most  of  the  melting  temperatures  within  this  area  (field)  are  too  h]|^  for 
determination.  Those  of  certain  compositions  determined  by  quenching 
are  given  in  Table  XII. 

Tablb  XII. 
Quenchings  Which  Determine  Melting  Temperatures  of  Various  Compositions  withm 
Field  A-i-2-3-4-B-MgO;  Primary  Phase  is  MgO  (m.  p.  2800*"). 
Composition  wt.  %. 


c«o. 

AliOi. 

MgO. 

Temp. 

Time  in  hours. 

Phases  present. 

51.5 

40.5 

8 

1500* 

0.5 

Glass  +  MgO 

IS40* 

0.5 

Glass 

45 

47 

8 

1450* 

0.25 

Glass  +  MgO 

1500* 

0.25 

Glass 

43 

49 

8' 

1450' 

0.25 

Glass  +  MgO 

1500* 

0.25 

Glass 

40 

50 

10 

1510" 

0.5 

Glass  +  MgO 

1535** 

0.5 

Glass 

The  Boundary  Curves. 

A  boundary  curve  is  the  line  which  separates  two  fields  and  represents 
the  temperatures  and  concentrations  at  which  the  solid  phase  of  one  field 
is  in  equilibrium  with  the  solid  phase  of  the  other  fidd  in  coexistence 
with  solution  and  vapor. 

The  boundary  lines  in  Fig.  3  represent  the  projection  upon  the  hori- 
zontal plane  of  the  lines  on  the  concentration-temperature  solid  model. 
In  order  to  make  dear  the  way  in  which  the  temperature  varies  along  these 
lines,  we  have  made  projections  upon  a  vertical  plane,  obtaining  in  this 
way  the  series  of  boundary  curves  reproduced  in  Fig.  4,  in  which  the  num- 
bers and  letters  used  correspond  to  those  in  Fig.  3.  The  ordinates  repre- 
sent temperatures,  which  were  determined  experimentally. 

These  temperatures  are  ascertained  by  quenching  to  determine  the 
temperature  above  which  one  solid  crystalline  phase  is  obtained  im- 
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bedded  in  glass  and  below  which  two  crystalline  phases  are  obtained  im- 
bedded in  glass,  as  observed  by  the  microscope.  Data  obtained  in  this 
way  giving  the  temperatures  determined  for  points  on  the  bowidaries, 


fig.  4. — ^Temperature-concentration  diagram  of  the  13  boundary  curves  which  fix  the 
limits  of  the  fields  within  the  ternary  system  CaO-AlsOr-MgO. 

ire  contained  in  Table  XIII.  The  temperatures  at  the  ends  of  the  botmd- 
iry  curves  are  given  later  as  quintuple  and  quadruple  point  tempera- 
ures. 
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Tabl«  XIII. 

Quenchings  Which  Detennine  Temperatures  for  Points  on  the  Boundary  Curves. 

Composition  wt.  %. 

»  *  '  ^  Time  in 

CaO.    AiiOi.        MgO.        Tiemp.        hours.  Phases  present.  Boundary. 

55         42  3  1465''  0.5  Glass  +  3CaO.Al|Oi  D-i 

1300**  0.23  Glass  +  3CaO.AlsOi  +  CaO 

48         48  4  1378''  0.5  Glass  +  3CaO.AlsOs  B-s 

1373  *"  1 .0  Glass  +  3CaO.AltOt  +  3Ca0.3AbOi 

32  39-5      8.5         1550*  0.25  Glass  +  MgO  i-A 

i5io'  0.3  Glass  +  MgO  +  CaO 

32.3     37-5     10            i6io*  0.23  Glass  +  MgO 

1390"*  0.23  Glass  +  MgO  +  CaO 

48         43          7            1400*  0.3  Glass  +  MgO                                      i-a 

1380"*  0.3  Glass  +  MgO  +  3CaO.AltOt 

44.3     49          6.3        1400"  0.23  Glass  4-  5Ca0.3Al«Oi                         ^-3 

1360**  o .  3  Glass  +  3Ca0.3AliO»  +  MgO 

43         32          3            1390"*  0.3  Glass  +  CaO.AliOt                              P-3 

1373''  0.3  Glass  +  CaO.AlsOt  +  5Ca0.3AlsOt 

42         32          6            1360''  0.3  Glass  +  CaO.AlfOi 

1330''  1 .0  Glass  +  CaO.Al|0»  +  3Ca0.3AkOt 

41       .52          7            1375'  0.5  Glass  +  MgO                                     3-4 

1363  **  0.3  Glass  +  MgO  +  CaO.A1aOi 

34         34        12            1320"*  0.3  Glass  +  MgO.AlsOi                             4-B 

1475*  0.5  Glass  +  MgO  +  MgO.A]aOft 

33  32        12.3        1380^  0.23  Glass  +  MgO 

1330''  0.25  Glass  +  MgO  +  MgO.A]aO» 

37        33        xo  1300*  0.23  Glass  +  MgO.AltOt 

1475  ^  X  .5  Class  +  MgO.A]«Oi  +  MgO 

37         5«.5    43  15I5*  0.3  Glass  +  CaCAUOi  4-5 

1485''  0.3  Glass  +  CaO.AlsOi  +  MgCAlfOi 

40         33  7  1400^  0.3  Glass  +  MgO.AlsOt 

1385*  0.5  Glass  +  MgO.AUO«  4- CaCAltOi 

30.3     63.3      4  1610^  0.23  Glass  +  MgO.AlsOi  5r^ 

i6oo*  0.25  Glass  +  MgC5.AlsOt  +  3Ca0.3A]tOi 

The  Quintuple  Points. 

A  quintuple  point,  a  common  point  for  three  botmdaries,  is  the  point 
at  which  three  solid  phases  are  in  equilibrium  with  solution  and  vapor. 
A  quintuple  point  is  known  as  a  eutectic  if  it  is  the  lowest  temperature 
of  the  three  boundaries  of  which  it  is  a  common  point. 

The  temperature  of  a  quintuple  pomt  may  be  determined  in  any  mix- 
ture of  the  solid  phases  present  at  that  quintuple  point,  either  from  heat- 
ing ctuires  or  quenches  to  determine  the  temperature  above  which  two 
crystalline  phases  are  obtained  imbedded  in  glass  (liquid)  and  below 
which  three  solid  crystalline  phases  are  obtained;  that  is,  the  tempera- 
ture at  which  glass  first  appears  in  a  ternary  mixture  is  the  temperature 
of  the  quintuple  point  for  that  mixture. 

Following  is  a  list  of  the  6  quintuple  points  giving  compositions  in  weight 
percentages  of  CaO,  Al%Ot,  MgO  and  the  corresponding  temperatures 
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determined  both  by  heating  curves  and  quenches.    The  numbers  assigned 
to  each  quintuple  point  correspond  to  the  numbers  in  Pig.  3. 

Point  I  is  the  quintuple  point  for  CaO,  MgO  and  aCaO.AlsOi  (CaO 
51.5,  AlaOs  43.3,  MgO  6.2).  Its  melting  temperature  (1450**  ^  5®) 
is  based  on  the  values  obtained  from  various  compositions  as  given  in 
Table  XIV. 

Table  XIV. 

Melting  Temperature:  Quintuple  i  for  CaO,  MgO,  and  3CaO.AlaOi  as  Determined 

from  Various  Comixwitions. 

[CaO 52.5        55  45  52  517        5© 

Compodtion,  wt.  %   '   AltOa 37-5        35  35  4^  41.3        40 

MgO lo.o        10  20  6  7  10 

Temperature 1446    1450    1449  Quench  Quench  Quench 

X449    1450   1450    1460    1455    1450 

1445    1450    1449    

1447    1450    1446    

1449    ....    1450    


Compodtion,  wt.  % 


Mean,    1447        1450        1449        1460        1455        1450 
Point  2  is  the  eutectic  point  for  MgO,  3CaO.AlsOs  and  sCaO.sAlsOft 
(CaO  51,  AlsOt  42.7,  MgO  6.3).    Its  melting  point  1345"*  =*=  5**  is  based 
on  the  values  obtained  from  compositions  given  in  Table  XV. 

Tablb  XV. 

Melting  Temperature:   Eutectic  3  for  MgO,  3CaO.A]aOi  and  5Ca0.3AlsOi  as  De- 
termined from  Various  Compositions. 

CaO......      45                          50  52.5 

AliOt 35                          43.5  37.5 

MgO 20                            6.5  zo.o 

Temperature 1340^  Quench        1350*^  Quench        1340^  Quench 

Point  3  is  the  eutectic  for  MgO,  5Ca0.3Al80j  and  CaO.Al20»  (CaO  41.5, 
AkO$  51.8,  MgO  6.7).    Its  melting  temperature  is  1345  =*=  5 °. 

Point  4  is  the  quintuple  point  for  MgO,  MgO.AlsOs  and  CaO.AlsOs 
(CaO  40.7,  AlsOt  52.4,  MgO  6.9).  Its  melting  temperature,  1370  =*=  5^ 
is  based  on  the  values  obtained  from  various  compositions  as  given  in 
Table  XVI. 

Tablb  XVI. 
Melting  Temperature:  Quintuple  Point  4 


Composition,  wt  % 
Temperature 


CaO.. 
AUO,. 

MgO. 


for  MgO  +  MgO.Al,0,  +  CaO.Al,0,  as 

uious  Compositions. 

39     31 

35     40     34 

55     62 

52.5    53     54 

6      7 

12.5     7      12 

1373    137 I 

1370    1370    1370 

1374    1373 

Quench  Quench  Quench 

1372    1375 

....    ....    .... 

1372    1371 

....    ....    .... 

1374 



Mean,      1373    1372    1370    1370    1370 
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Point  5  is  the  quintuple  point  for  MgO.AlsOs,  CaO.AIsOs  and  aCaO.- 
5AlsOs  (CaO  33.3,  MOi  63.2,  MgO  3.5).  Its  melting  temperature, 
1550^  sfe  5^,  is  based  on  the  values  obtained  from  various  compositions  as 
given  in  Table  XVII. 

Tabls  XVII. 

Mdting  Temperature:  Quintuple  Point  5  for  MgO.AlsOt  +  CaO.AliOi  +  aCaO-sAbOi 

as  Determined  from  Various  Compositions. 

I  CaO 32  29  30 

A]|Oi 65  67  64 

MgO 346 

Temperature 1555  1554  1550 

1554  1553  1449 

1555  1554  1550 
1554  1555  1549 

Mean,  1555         1554        1549 


Pig.  5. — ^Projection  of  a  ooiicentrAtioa>tempcrature  diagram  of  the  ternary  system 
CaO-AUOr*MgO  with  isotherms  and  melting  temperatures  of  compounds  and  in- 
variant points. 
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Point  6  is  the  quintuple  point  for  MgO.AlsOa,  aCaO-sAUOj  and  AlaOi 
(CaO  21,  AlaOa  74,  MgO  5).  Its  melting  temperature  determined  in  the 
iridium  furnace  is  i6So^  ^  20^. 

Point  6  was  located  by  extrapdation  of  the  botmdary  curves  5-6,  H-6 
andC-6. 

The  Concentration-Temperature  Model. 

In  the  preceding  pages  we  have  recorded  equilibrium  temperatures  as 
determined  within  the  limits  of  oxu"  apparatus  for  the  three  binary  systems 
and  for  the  ternary  system;  in  other  words,  we  have  presented  the  tem- 
perature corresponding  to  quintuple  points,  boundary  curves  and  fields. 
By  interpolation  from  the  determined  melting  temperatures  we  may  draw 
constant  temperature  lines  or  isotherms;  this  has  been  done  for  every 
100°  from  1400°  to  1600°  and  the  resulting  diagram  is  given  in  Fig.  5, 
which  shows,  moreover,  the  melting  temperatures  of  each  compound, 
component,  quadruple  and  quintuple  point. 


F^ig,  6. — Photograph  of  solid  model  of  concentration-temperature  diagram  of  the 

system  CaO-AljOi-MgO. 
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By  erecting  the  diagram  (Fig.  4)  for  each  boundary  curve  (Pig.  3) 
perpendicular  to  the  plane  of  the  corresponding  projection  of  each  bound- 
ary curve  (Pig.  3)  one  can  construct  a  concentration-temperature  solid 
model  whose  surface  represents  the  melting  temperatures  of  all  ternary 
compositions  of  CaO-AlsO«-SiOs.  A  photograph  of  a  solid  plaster  of 
Paris  model  constructed  in  this  way  is  given  in  Pig.  6.  Pig.  6  is  taken 
from  in  front  of  the  CaO-AlsOs  side  and  shows  the  slopes  of  the  various 
fields. 

Crystallization  of  Temaiy  Solutions  of  CaO-AlaOr-MgO. 

The  results  of  this  investigation  thus  far,  have  been  plotted  graphically 
in  diagrams  to  show  the  equilibria  between  the  various  phases  of  this  sys- 
tem CaO-AlsOr-MgO.  To  the  end  that  these  data  be  utilized  in  prac- 
tical work  it  is  desirable  to  Jmow  what  is  the  composition  of  the  solid 
phases  which  separate  when  any  ternary  solution  is  cooled.  In  the  pre- 
vious paper  the  systematic  elaboration  of  phase  separations  has  beea 
carried  out,  the  deductions  being  based  on  the  actual  data  contained 
in  the  system  CaO-AlsOr^iOs.  The  data  contained  in  the  equilibrium 
diagram  for  the  present  system  shows  that  the  same  types  oS  ternary 
crystallization  are  found  here  as  in  the  S3rstem  CaO-AltOs-SiOt.  Por 
that  reason  in  the  present  paper  we  will  treat  the  subject  of  crystalliza- 
tion rather  briefly,  giving  merely  crystallization  curves,  to  illustrate  the 
various  types  of  crystallization  found  in  cooled  solutions  of  CaO,  AlsOt 
and  MgO. 

Por  the  purpose  of  illustrating  the  various  types  of  ternary  crystalliza- 
tion, a  diagram  such  as  that  given  in  Pig.  7  is  useful.  In  this  equilibrium 
diagram,  straight  lines  have  been  drawn  which  radiate  from  the  point 
representing  the  composition  of  the  primary  phase  for  each  field.  These 
lines  show  the  course  of  the  crystallization  curve  up  to  the  boundary  for 
any  solution  whose  composition  is  represented  by  a  point  in  a  field.  Other 
straight  hnes  (dotted  lines)  have  been  drawn  to  connect  the  points  repre- 
senting the  compositions  of  each  pair  of  crystalline  phases  whose  fields 
have  a  common  boundary.  This  divides  the  diagram  into  six  triangular 
areas,  each  one  of  which  represents  aU  possible  concentrations  of  the 
three  solid  phases  whose  compositions  are  represented  by  the  apices  of 
the   triangle. 

The  diagram  (Pig.  7)  constructed  in  this  way  enables  one  to  readily 
ascertain  the  crystalline  phases  as  they  will  crystallize  or  disappear  from 
a  solution  of  CaO,  AlsOs  and  MgO  when  cooled  in  such  a  way  as  to  secure 
the  continuous  attainment  of  equilibritmi. 

The  experimental  data  represented  in  this  diagram  show  that  there 
are  five  types  of  ternary  crystallization  found  therein.  Each  of  these 
types  involves  only  crystalline  phases  of  constant  composition,  that  is, 
there  is  no  solid  solution.    These  five  types  are:    (i)  Crystallization  in 
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which  the  crystalUzation  of  each  solid  phase  is  continuous.  (2)  Crys- 
tallization in  which  a  soUd  having  oystallized  along  a  boundary  partially 
disappears  at  a 'quintuple  point.  (3)  Cr^rstallization  in  which  a  soUd 
having  oystallized  along  a  boundary  entirely  disappears  at  a  quintuple 


C«l  3C*l.k.l,        KAl4Mt      C*I.Mt    3CJ.5kA 

I^.  7. — B(iuilibciitm  diagnun  to  sho^  the  ooune  of  crystalHzatioii  when  tenury  aolu- 
tiona  of  CaO,  Al^,  MgO  are  cooled. 

point.  (4)  Crystallization  in  which  a  soUd  phase  having  crystallized 
within  a  field  partially  disappears  along  a  boundary  curve.  (5)  Crys- 
tallization in  which  a  solid  phase  having  crystallized  within  a  field  entirely 
disappears  along  a  boundary. 

We  will  now  consider  each  of  these  five  types  separately,  giving  the 
course  of  the  crystallization  curve  for  a  single  particular  solution  and  the 
areas  which  represent  the  compositions  of  all  solutions  which  on  cooling 
show  the  same  type  of  ternary  crystallization. 

1.  Crystallization  in  which  the  Crystallization  of  Each  Solid  Phase 
is  Continuous. — The  crystallization  curve  follows  a  straight  line  to  a 
boundary,  along  which  two  phases  crystallize  tmtil  the  quintuple  point 
(a  eutectic)  is  reached  when  three  phases  crystallize  and  the  solution  . 
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completely  solidifies.  As  an  example  consider  a  satm-ated  solution 
whose  composition  is  represented  by  point  X.  The  course  of  its  crys- 
tallization curve  is  from  X  to  X'  and  from  X'  to  2.  The  solid  phases  in 
the  order  in  which  they  crystallize  are  pure  MgO;  MgO  and  3CaO.AlsQs 
together;  and  finally  MgO,  3CaO,  AlaOa  and  5Ca0.3AlsO«.  Examination 
of  Fig.  7  shows  that  there  are  4  areas  which  represent  the  compositions 
of  solutions  which  on  cooling  have  this  t3rpe  of  crystallization,  m.,  D-1-2-E 
E-2-3-F;  F-3-4-CaO.Ala03;  i-MgO-4-3-2. 

2.  Crystallization  in  which  a  Solid  having  Crystallized  Along  a  Bound- 
ary Partially  Disappears  at  a  Quintuple  Point — ^The  crystallization  curve 
follows  a  straight  line  to  a  boundary  along  which  two  phases  crystallize 
until  a  quintuple  point  (not  a  eutectic)  is  reached.  At  the  quintuple 
point  one  of  the  two  phases  which  has  crystallized  partially  disappears — 
unites  with  a  component  in  solution  to  form  the  third  crystalline  phase. 
As  an  example  consider  the  crystallization  curve  for  solution  y.  Its 
course  is  from  y  to  y'  and  from  y'  to  i  where  it  ends.  The  solid  phases  in 
the  order  in  which  they  appear  are  MgO;  MgO  and  CaO  together;  and 
finally  MgO,  CaO  and  3CaO.Al,Ot.  Part  of  the  CaO  which  crystallized 
with  MgO  unites  with  AlsOs  in  solution  to  form  3CaO.AlsOt.  There  are 
4  areas  which  represent  the  compositions  of  solutions  which  on  cooling 
show  this  t)rpe  of  ternary  crystallization,  viz.,  CaO-A-MgO-P;  MgO-B— 
MgO.Al20r-5CaO.Al,0>;  CaO.Al20r-MgO.Al20r-6-3Ca0.5Al203;  Al^Or- 
MgO.AljOr-3Ca0.5Al208. 

3.  Crystallization  in  which  a  Solid  having  Crystallized  Along  a  Bound- 
ary Entirely  Disappears  at  a  Ouintuple  Point — ^The  aystallization  curve 
follows  the  same  course  as  in  (2)  up  to  the  quintuple  point.  At  this  point 
one  phase  which  has  crystallized  along  a  boundary  is  entirely  used  up  in 
the  formation  of  the  third  solid  phase.  The  aystallization  curve  now 
leaves  the  quintuple  point  and  follows  a  boundary  along  which  the  two 
remaining  solid  phases  continue  to  crystallize  until  a  second  quintuple 
point  is  reached  which  is  the  end  of  the  curve.  As  an  example  consider 
the  crystallization  for  a  solution  whose  composition  is  represented  by 
point  z  within  the  field  of  MgO.  Its  course  is  from  z  to  z\  from  z'  to  i  and 
from  I  to  2,  where  it  ends.  The  solid  phases  in  the  order  in  which  they 
appear  are:  MgO;  MgO  and  CaO;  MgO,  CaO  and  3CaO.Ala03;  CaO  and 
3CaO.Al208;  and  finaUy  MgO,  3CaO.Al,08  and  5Ca0.3Al80,.  AU  of  the 
CaO  which  crystallized  united  with  Al«Os  in  solution  to  form  3CaO.A]sQt. 
There  are  4  areas  which  represent  the  compositions  of  solutions  which 
on  cooling  show  this  type  of  ternary  crystallization,  viz.,  o-MgO-i-P; 
3MgO-CaO.Al203;  CaO.AljOa-s-MgO.Al^Os;  6-MgO.Al2Or-3CaO.5AUQ,. 

4.  Crystallization  in  which  a  Solid  having  Crystallized  ^thin  a  Field 
Partially  Disappears  Along  a  Boundary. — ^The  aystallization  curve 
follows  a  straight  line  to  a  boundary,  one  phase  crystallizuig  until  the 
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boundary  is  reached  when  part  of  the  primary  phase  is  used  up  in  the 
formation  of  a  second  solid  phase.  Proceeding  in  this  way,  one  phase 
disappearing  while  the  other  crystallizes,  the  crystallization  curve  follows 
a  boundary  to  a  quintuple  point.  As  an  example  consider  Solution  S 
within  the  field  of  CaO.  The  course  of  its  oystallization  curve  is  from 
S  to  S'  and  from  S'  to  i,  where  it  ends.  The  soUd  phases  in  the  order 
in  which  they  appear  are:  CaO;  CaO  and  3CaO.AlsOi;  and  finally  CaO, 
3CaO.AlaOs  and  MgO.  The  CaO  which  oystallized  as  primary  phase 
unites  with  AlsOs  in  solution  to  form  the  secondary  phase  3CaO.AlsOt. 
There  are  two  areas  which  represent  the  compositions  of  solutions  which 
on  cooling  show  this  type  of  ternary  crystallization,  vis.,  CaO-P-aCaO.- 
AlsQs;  and  P-i-3CaO.Al|0$.  Crystallization  curves  for  area  CaO-P- 
3CaO.Al20s  will  end  at  i  while  those  for  area  P-i-3CaO.AltO$  will  end  at 
quintuple  point  2,  smce  this  area  is  included  within  the  triangle  which 
represents  all  possible  concentrations  of  3CaO.AljOj,  MgO  and  sCaO.- 
3CaO.A]«Os  whose  quintuple  point  is  point  2. 

5.  Crystallization  in  which  a  Solid  Phase  having  Crystallized  Witiiio 
a  Field  Entirely  Disappears  Along  a  Boundary  Curve.— The  crystalliza- 
tion curve  follows  a  straight  line  to  a  boundary  along  which  the  primary 
phase  is  entirely  used  up  in  the  formation  of  the  secondary  phase.  The 
curve  now  leaves  the  boundary  and  crosses  a  field,  a  single  solid  crys- 
tallizing until  a  second  boundary  is  reached  when  two  phases  crystallize  • 
and  the  curve  proceeds  along  the  boundary  to  a  quintuple  point,  where  it 
ends.  As  an  example  consider  any  solution  whose  composition  is  repre- 
sented by  a  point  within  area  D-i-3CaO.Ali08.  The  crystallization 
curve  for  any  such  solution  will  intercept  boundary  D-i,  leaving  boundary* 
D-i  and  cross  the  field  D--1-2-F,  intercept  either  boundary  1-2  or  E-2 
and  end  at  2.  The  solid  phases  in  the  order  in  which  they  appear 
are:  CaO;  CaO  and  3CaO.AlsOg;  3CaO.AltO»;  3CaO.AlfOi  and  MgO 
if  the  curve  intercepts  boundary  1-2  and  3CaO.AlaOs  and  5Ca0.3Als08  if 
it  intercepts  boundary  E-2;  and  finally  MgO,  3CaO.Al20i  and  sCaO.- 
3A1808.  There  is  but  one  area  which  represents  the  compositions  of  solu- 
tions which  on  cooling  show  this  t3rpe  of  ternary  crystallization,  viz.:  D-i- 
3CaO.AliO». 

We  have  now  given  an  example  of  each  t3rpe  of  ternary  crystallization  and 
the  areas  which  represent  the  compositions  of  solutions  which  on  cooling 
give  the  same  type.  Knowing,  then,  the  original  composition  of  a  ternary 
solution  of  CaO,  A]«Os  and  MgO,  one  can  ascertain  from  the  equilibrium 
diagram  precisely  which  phases  separate,  their  order  of  crystallization  . 
and  the  final  product  of  crystallization. 

The  final  product  of  crystallization  of  ternary  solutions  of  CaO,  AltO$ 
and  MgO  always  consists  of  three  solid  phases  whose  fields  are  adjacent. 
The  same  three  solid  phases  will  be  the  final  product  of  crystallization 
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from  any  solution  whose  composition  lies  within  the  triangle  fonned  by 
lines  joining  the  compositions  of  these  three  phases. 

These  composition  lines  which  have  been  drawn  in  Fig.  7  divide  the 
diagram  into  6  triangular  areas.  Each  of  these  triangles  represents  all 
possible  mixtures  of  those  three  compounds  whose  compositions  are  repre- 
sented by  the  apices  of  the  triangle.  Though  three  certain,  definite  com* 
pounds  can  exist  together  in  only  one  triangle,  yet,  as  can  be  seen  in  the 
diagram,  any  one  of  these  three  compounds  may  be  in  a  number  of  differ- 
ent triangles. 

Stmunary. 

The  foregoing  pages  are  a  record  of  an  investigation  of  the  system 
CaO-AljOr-MgO.  This  ternary  system  proved  to  be  rather  a  simple 
one,  there  being  no  ternary  compounds  stable  in  contact  with  melt.  The 
working  out  of  this  system,  therefore,  simply  involved  the  equilibrium  of 
the  components  (CaO,  AlsOt,  MgO)  and  the  binary  compoimds  (3CaO.- 
AltOa,  5Ca0.3Al,Oa,  CaCAUOj,  aCaO-sAUOs,  MgO.AUOg)  in  ternary 
solutions. 

The  relations  found  to  subsist  between  the  components  and  compounds 
in  binary  systems  and  in  the  ternary  system  are  exhibited  in  a  series  of 
concentration-temperature  diagrams. 

The  optical  and  crystallographical  properties  of  the  components  and 
pure  compounds  are  given  in  the  previous  papers,  but  a  few  additional 
notes  are  made  here  on  the  compounds  sCaO.jAlsOs  and  CaCAkOs.  A 
new  form  of  AlsOa  has  been  described.  The  relation  of  this  new  form 
(/8-AI2O3)  to  oAltOt  (corundum),  the  only  form  previously  observed, 
could  not  be  definitely  established,  although  it  would  appear  that  0-AlsOi 
is  monotropic  with  respect  to  a-AliOs.  The  relation  of  each  of  these 
forms,  in  the  binary  system  MgO-Al«0$,  involved  solid  solution,  the  ex- 
tent of  which  was  determined. 

Washimotom.  D.  C. 


[Contribution  from  thb  SHBirFiBLD  Cbbmical  Laboratory  of  Yai3  UmvBRsmr.] 

THE'  EFFECT  OF  FREEZING  ON  CERTAIN  INORGANIC 
HYDROGELS.i 

Bt  H.  W.  Foots  and  Blaxk  Saxton. 
Received  December  25,  1915. 

The  composition  and  nature  of  precipitated  colloids  or  hydrogels, 
such  as  silicic  add  and  ferric  hydroxide,  have  been  the  subjects  of  repeated 
investigations  which  have  varied  greatly  in  their  results.  In  the  earlier 
work,  the  composition  of  inorganic  hydrogels  was  determined  chiefly 
^  Part  of  a  dissertation  presented  by  Blair  Saxton  to  the  Faculty  of  the  Graduate 
School  of  Yale  University,  1 915,  in  partial  fulfillment  of  the  requirements  for  the  de- 
gree of  Doctor  of  Philosophy. 
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by  drying  the  precipitates  under  fixed  empirical  conditions,  and  the  re* 
suits  obtained  were  nearly  as  variable  as  the  conditions  of  experiment. 
Later  investigators  have  used  other  methods,  of  which  the  following 
are  the  chief:  A  d3mamic  method  which  consists  in  measuring  the  velocity 
of  dehydration  at  constant  temperature,  which  was  tised  by  Ramsay^ 
and  later  by  Tschermak;*  a  method  depending  on  dehydration  at  gradually 
increased  temperature,  which  was  used  by  Camelley  and  Walker,'  and 
by  Baikow;^  a  static  method  which  consists  in  determining  the  vapor 
pressures  during  the  course  of  dehydration,  which  was  used  by  Van  Bem- 
mden'  and  later  by  2^gmondy  and  his  co-workers;*  a  method  devised 
by  one  of  us^  which  consists  in  determining  the  composition  of  the  hydrogel 
at  the  p<nnt  where  its  vapor  pressure  falls  below  that  of  pure  water; 
and  lastly  a  thermal  method  used  by  Mtiller-Thurgau*  and  by  Fischer' 
and  his  co-workers,  in  which  the  heat  effect  caused  by  the  freezing  of 
water  in  the  hydrogels  was  measured.  Prom  that  value,  the  amount  of 
water  frozen  was  calculated.  This  method  has  not  been  applied  to  inor- 
ganic colloids  so  far  as  we  are  aware. 

Nearly  all  the  methods  of  investigation  have  been  based,  directly 
or  indirectly,  on  the  vapor  pressure  exerted  by  the  hydrogels,  but  it  has 
been  difficult  to  draw  definite  conclusions  as  to  the  condition  of  the  water 
in  hydrc^gels  from  a  knowledge  of  the  vapor  pressure  alone.  This  is  due 
to  the  fact  that  water,  no  matter  what  its  condition,  always  exerts  a 
vapor  pressure  and  any  change  in  the  condition  of  the  water  must  be 
judged  by  changes  in  direction  of  the  vapor-pressure  curve  or  of  curves 
derived  from  it,  rather  than  from  any  absolute  values.  The  work  of 
Van  Bemmden  and,  in  particular,  of  Zsigmondy  and  his  co-workers,^® 
has  made  it  extremely  probable  that  the  water  which  evaporates  from 
the  hydrogel  of  silicic  add  immediatdy  after  free  water  has  been  removed, 
and  at  a  vapor  pressure  bdow  that  of  pure  water,  is  capillary  in  character, 
while  the  last  of  the  water,  coming  off  at  the  lower  pressures,  is  combined 
or  perhaps  in  solid  solution. 

In  the  present  artide,  we  shall  give  the  results  thus  far  obtained  with 

*  /.  Chem.  Soc.,  3a,  395  (1877). 

>  Z.  physik.  Chem.,  53,  349  (1905);  Z,  anarg.  Chem.,  63,  230  (1909);  Monatsh,,  33, 
1151  (1912). 

»  /.  Chem.  Soc.,  53,  59  (1888). 

*  KoUoid.  Zeit.,  a,  374  (1907). 

»  Z.  anorg.  Chem.,  5,  467  (1893);  13,  233  (1897);  20,  185  (1899). 
'Zsigmondy,  Badunan  and  Stevenson,  Ihid.,  75,  189  (1912);  Bachman,  Ibid., 
79,  202  (1913);  Anderson,  Z,  physik.  Chem.,  88,  191  (1914;. 
'  Tras  Journal,  30,  1388  (1908). 
■  See  Fischer,  Beitr.  Biol.  Pflaws.,  10,  200,  232  (191 1). 

*  Biochem.  Z.,  18,  58  (1909);  ao,  143  (1909);  Beitr.  Biol.  Pflam.,  10,  133  (191 1); 
KoUoid,  ZeU.,  8,  291  (191 1)- 

*•  Loc.  cit.;  also  Z.  anorg.  Chem.,  71,  356  (191 1);  73,  158  (1911). 
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several  inorganic  hydrogels  in  an  attempt  to  determine  the  water  which 
can  be  separated  from  them  by  freezing.  This  is  a  determination  of 
considerable  interest,  for  it  is  to  be  expected  that  water  which  is  present 
as  a  liquid  can  be  converted  into  ice  if  the  temperature  is  sufficiently 
lowered,  even  when  the  water  is  present  in  minute  capillaries,  while 
water  which  is  combined  as  a  soUd  hydrate  cannot  in  general  be  separated 
by  this  means.  A  determination  of  the  ice  which  can  be  produced  in  a 
hydrogel  should  therefore  give  a  means  of  judging  between  capillary 
and  combined  water  in  a  way  which  has  not  before  been  possible. 

Since  the  method  used  in  the  present  investigation  is  based  on  freezing 
the  uncombined  water  in  the  hydrogels,  we  shall  first  consider  previous  ob- 
servations on  the  effect  of  freezing  on  these  precipitates.  The  earUest 
experiments  on  this  subject  are  those  of  Limberger,^  Wittstein'  and  Leroy,* 
all  of  whom  stated  that  they  obtained  aystalline  ferric  hydroxide  by  freez- 
ing the  amorphous  precipitate.  Van  Bemmelen  and  Klobbie^  repeated 
this  experiment  and  showed  that  no  crystalline  hydrate  was  obtained. 
They  found  that  freezing  had  little  effect  except  to  remove  included  water. 
Ruff*  found  that  ferric  hydroxide  before  and  after  freezing  at  — lo^ 
and  — 185^  had  the-  same  composition,  FeiOt :  4.2H2O,  when  dried  over 
15%  sodium  hydroxide.  The  first  important  contribution  is  that  of 
Lottermoser.*  He  froze  silicic  add  which  appeared  dry  and  found  that 
water  separated,  leaving  siUdc  add  as  a  granular  mass.  He  explained 
this  by  assuming  that  water  in  the  capillaries  had  expanded  on  freezing 
and  broken  the  fine  porous  structure.  It  is  interesting  to  note  that  he 
suggested  freezing  as  a  means  of  dr3dng  gelatinous  predpitates  of  the  silica 
type.  Bruni'  froze  siUdc  add  and  analyzed  the  residue,  oonduding 
that  it  has  no  constant  composition.  It  should  be  pointed  out,  however* 
that  it  is  very  difficult  to  separa^  water,  after  mdting,  from  the  residue 
and  constant  results  could  hardly  be  expected.  The  heat  evolved  when 
water  is  frozen  from  a  colloid  has  been  used  in  calculating  the  amount  of 
uncombined  water  in  the  substance.  This  method  has  been  used  by 
MlUler-Thurgau  and  by  Fischer.*  The  former  measured  the  heat  evolved 
directly  while  Fischer  calculated  it  from  the  vdodty  of  cooling.  Their 
work  was  with  organic  hydrogds.  A  very  complete  bibliography  on  the 
effect  of  freezing  on  colloids,  organized,  organic  and  inorganic,  may  be 
found  in  Fischer's  artides. 

^  Jahresb,,  1853,  370. 

» Ibid.,  i853t  370. 

•iWd.,  i854»363. 

<  /.  prakt.  Chem.,  [2]  46,  497  (1892). 

»  Ber.,  34,  3417  (1901). 

•  Ibid.,  41,  3976  (1908). 

T  Ihid,,  4a,  563  (1909). 

•Loc.cU. 
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Method. 

The  method  which  we  have  used  consists  ia  freezing  the  precipitate^ 
of  known  total  water  content,  in  a  dilatometer  and  measuring  the  expansaon 
caused  by  freezing  the  uncombined  water.  From  the  expansion,  the 
amount  frozen  may  be  calculated  and  the  amount  of  combined  water 
obtained  by  difference. 

The  dilatometer  had  the  usual  form.  The  stem  was  caUbrated  by 
means  of  mercury.  Ligroin  was  used  to  fill  the  bulb  €md  mark  changes 
in  volume.  It  has  the  advantage  of  high  vapor  pressure,  making  it 
possible  to  fill  the  bulb  completely  by  the  use  of  an  ordinary  water  pump. 
For  temperatures  as  low  as  — 20^,  an  ice-salt  bath  was  used.  For  still 
lower  temperatures,  a  mixture  containing  about  equal  weights  of  ice  and 
calcium  chloride  was  necessary.  This  mixture  must  be  well  protected 
against  radiation.  A  convenient  holder  for  our  purpose  consisted  of  a 
quart  wide-mouthed  thermos  jar.  In  practice,  the  temperature  of  the 
dilatometer  was  lowered  gradually  in  the  ice-salt  bath  to  about  — 20^ 
and  then  directly  to  about  — ^30®  in  the  other.  It  was  not  practicable 
to  lower  the  temperature  gradually  between  — 20®  and  — ^30®,  The 
temperature  could,  however,  be  raised  gradually  from  — ^30^  by  the  cautious 
addition  of  water. 

In  carrying  out  a  determination,  the  dilatometer  readings  at  first 
show  a  regular  decrease,  as  the  temperature  falls,  due  merely  to  contraction 
of  the  bulb  and  contents.  At  a  temperature  usually  several  degrees 
below  zero,  sudden  expansion  occurs,  due  to  freezing.  The  water  freezing 
in  this  first  expansion  consists  of  free  water  and  that  part  of  the  capillary 
water  whose  freezing  point  has'  been  reached.  After  the  volume  has  be- 
come constant,  a  further  lowering  of  temperature  causes  more  capillary 
water  to  freeze  and  the  volume  usually  expands  somewhat  farther,  after 
which,  contraction  sets  in,  and,  if  the  temperature  is  sufficiently  lowered, 
the  contraction  finally  becomes  very  nearly  a  linear  function  of  the  tempera- 
ture, as  it  is  before  freezing  occurs.  On  raising  the  temperature,  the  ex- 
pansion is  nearly  linear  for  some  distance  but  at  a  temperature  still  below 
o^  contraction  sets  in,  due  to  melting,  and  the  volume  finally  returns  to  its 
original  value  above  o**. 

The  following  diagram  (Fig.  i)  illustrates  the  typical  behavior.  Dila- 
tometer readings  or  volumes  are  plotted  as  ordinates  and  temperatures 
as  abscissas.  The  line  AB  shows  the  normal  contraction  before  freezing, 
BC  the  sudden  expansion  when  freezing  begins,  CD  the  expansion  and 
contraction  on  further  cooling  and  DF  the  expansion  and  contraction 
as  the  temperature  is  raised.  D£  is  the  linear  extension  of  the  heating 
curve  from  D.  Beginning  at  D  the  curve  DF  was  found  to  be  a  straight 
line  for  a  considerable  distance,  showing  that  capillary  water,  when  once 
frozen,  does  not  melt  at  as  low  a  temperature  as  it  freezes.    The  curve 
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downward  near  F  shows  there  is  a  decided  tendency  to  melt  at  a  tempera- 
ture still  somewhat  below  o^.  The  extrapolated  line  DE  gives  the  normal 
expansion  if  no  melting  occurred  and  the  length  of  a  vertical  line  between 
AB  and  DB  gives  the  expansion  due  to  freezing  all  free  and  capillary 
water.  As  AB  and  DE  are  very  nearly,  but  not  quite,  parallel,  we  have 
chosen  the  length  of  the  vertical  at  — 6^  as  a  measure  of  the  expansion. 
Its  length  has  been  determined  graphically  from  the  plotted  values. 
To  convert  the  expansion  due  to  ice  formation,  expressed  in  cubic  centi- 
meters, into  the  corresponding  weight,  we  have  used  Bunsen's  data  that 
I  g.  of  water  at  o^  expands  0.09070  cc.  on  freezing.  In  this  way,  the  total 
weight  of  water  which  is  frozen  can  be  determined. 


Pig.  X  (DiagTammatk). 

It  is  not  possible,  from  our  results,  to  distinguish  sharply  between  true 
capillary  and  free  water,  for  the  reason  that  supercooling  always  occurs 
in  the  dilatometer.  If  freezing  occurred  at  o%  the  length  of  the  vertical 
BC,  measured  at  o^,  would  give  the  free  water,  and  of  CE,  the  capillary. 
Where  freezing  occurs,  as  it  does,  several  degrees  below  zero,  the  water 
freezing  at  this  temperature  is  free  water  plus  that  capillary  water  whose 
freezing  point  has  been  reached.  The  length  of  BC  therefore  corresponds 
to  free  water  and  a  part  of  the  capillary  water.  It  is  possible,  however, 
to  determine  with  sufficient  accuracy  the  capillary  water  separating 
below  a  certain  temperatture.    We  have  chosen  to  determine  the  amount 
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separating  below  — 6^  and  shall  call  this  the  apparent  capillary  water. 
The  actual  capillary  water  is  always  greater  in  amount. 

The  chief  uncertainty  in  the  method  appears  to  be  whether,  at  D, 
all  capillary  water  has  frozen.  This  point  will  be  discussed  under  "com- 
bined water  in  the  hydrogel  of  alumina.'* 

Preliminary  Det«rminationB. 

We  shall  give  first  the  results  of  several  preliminary  determinations 
in  the  dilatometer,  which  were  carried  out  with  such  materials  that  we 
could  draw  condusions  in  advance  as  to  the  nature  of  the  water  present — 
whether  free,  capillary,  or  combined.  A  mixture  of  sand  and  water 
was  used  to  show  the  behavior  of  free  water.  The  behavior  of  free  and 
capillary  water  was  illustrated  with  moist  lampblack,  while  moist  calcium 
hydroxide  furnished  an  illustration  of  free  and  combined  water.  It  was 
of  course  necessary  to  choose  materials  which  were  not  scduble  to  any 
extent  in  water.  Otherwise,  there  would  be  a  lowering  of  freezing  point 
due  to  dissolved  substances  as  well  as  to  capillarity,  an  unnecessary 
complication  which  we  wished  to  avoid. 

The  mixture  of  sand  and  water  in  the  dilatometer  behaved  as  expected. 
In  this  case  there  was  no  question  of  capillary  or  combined  water  and  the 
experiment  was  carried  out  chiefly  to  show  how  closely  free  water  could 
be  determined.  Freezing  occurred  at  — ^^  and  all  water  froze  sharply 
at  this  temperature.  The  contraction  before  and  after  freezing  was  en- 
tirely regular  and  dilatometer  readings  on  falling  and  rising  temperatures 
were  practically  identical.    The  observations  are  plotted  in  Fig.  2.    In 
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this  figure,  as  in  all  following,  the  corrected  readings  of  the  dilatometer 
in  centimeters  are  plotted  as  ordinates;  observations  taken  on  falling 
temperature  are  represented  by  drdes,  and  on  rising  temperature,  by 
crosses.  Necessary  data  and  the  result  calculated  from  the  observations 
are  in  the  following  table.  The  second  column  of  the  table  gives  the 
increase  in  voltune  due  to  freezing,  measured  in  centimeters  on  the  stem 
of  the  dilatometer.  The  third  gives  the  corrected  voliune  of  i  cm.  of  the 
dilatometer  stem,  expressed  in  cubic  centimeters.  The  product  gives  the 
increase  in  volume  due  to  ice  formation,  from  which  the  -weight  of  water 
found  h^  been  calculated. 

Sand  and  Watbr. 


Expansion  due     Volume  of 
Water  taken,     to  freezing,  1  cm.,  Water  found, 

(g.).  (cm.).  (cc).  (g.). 


Error. 
0.026 


X.404  13.3  0.009751  1.430 

Lampblack  was  used  in  the  next  experiment.  It  had  previously  been 
intensely  ignited.  A  weighed  amount  was  moistened  with  water  and  al- 
lowed to  stand  for  two  days.  The  material  was  then  nearly  dry  to  the 
touch  but  contained  over  40%  of  water.  This  material,  when  introduced 
into  the  dilatometer,  required  a  temperature  of  — 28**  to  complete  the 
freezing.    Its  behavior  was  thus  entirely  different  from  that  of  sand  and 


<^rt, 

ZM 

■if. 

?4 

\ 

\^ 

;';' 

\ 

r 

?n 

s 

\ 

if^. 

\ 

< 

V 

\ 

14 

\ 

s. 

\ 

(P 

\ 

\ 

c< 

•-^ 

:i_ 

\ 

^ 

10 

\ 

\, 

S 

'^ 

L 

\ 

■K, 

a 

s 

\, 

N 

V. 

\ 

\, 

(=, 

S 

8 

S 

\, 

N 

\, 

4 

\ 

V 

N 

\, 

? 

V 

t 

0 

k) 

ffA 

fV 

'"  ( 

?"-; 

^"-A 

r-f 

-."-f 

r-/( 

f-li 

'"-/^ 

f-l( 

f-li 

^V 

r?V, 

^'V^ 

*Vi 

-f-? 

a" 

I^ig-  3- — ^Lampblack  and  water. 


Digitized  by 


Google 


BFPBCT  OF  PRBBZING  ON  CERTAIN  INORGANIC  HYDROGSLS. 


595 


water,  due  to  the  adsorbed  or  capillary  water  present.  The  observations 
are  plotted  in  Fig.  3.  Ice  formed  very  slowly  at  the  lower  temperatures 
and  when  equilibrium  had  apparently  set  in  at  — 28  ^  a  further  increase 
in  volume  occurred  after  two  hours.  This  increase  is  represented  in  the 
figure  by  DD'.    The  results  obtained  are  as  follows: 

Lampblack  and  Watsr. 


Lamp- 
black 
taken, 
(f.). 

2.530 


Bzpantion  due 

Total       to  f  recsinf 

czpanaion    apparent 

Water         due  to        capillary      Volume  of 

taken,       freesinf.         water,  1  cm.. 

(f.).  (cm.).         (cm.).  (cc.). 


Total 

water 

found, 

(f.). 

I.83X 


Apparent 

capillary 

water 

found. 

1.307 


Brror 

in  total 

water, 

(f.). 

0.003 


1.834  15.7  10.35         0.01058 

The  result  for  apparent  capillary  water  shows  that  lampblack  adsorbed 
water  equal  to  nearly  half  its  own  weight  in  such  a  manner  that  a  tempera- 
ture much  below  o®  was  necessary  to  freeze  it.  A  part  of  the  water  in 
the  hydrogels  which  we  have  investigated  is  strikingly  similar  in  its  be- 
havior to  this  adsorbed  or  capillary  water  of  lampblack.         r  t  i  '^  ^    j 

It  seemed  possible  that  filter  paper  might  take  up  water  as  lampblack 
does  and  it  was  tested  in  the  same  manner.  The  water  in  this  case,  how- 
ever, froze  almost  as  sharply  as  in  the  mixture  of  sand  and  water,  only 
a  very  small  amount  freezing  gradually  at  a  lower  temperature.  The 
results  need  not  be  given  here.  The  total  water  found  agreed  closely 
with  the  amount  taken. 

For  the  mixture  of  \2/l^M 
calcium  hydroxide  and  ^^ 
water,  pure  calcium  ^^ 
oxide,  prepared  from 
the  carbonate,  was  in- 
troduced into  the  dila- 
tometer  and  warm, 
moist  air,  free  from  car- 
bon dioxide,  was  passed 
over  the  oxide  till  the 
increase  in  weight 
showed  a  considerable 
excess  of  water  over  that 
required  to  convert  the 
lime  into  calcium  hy- 
droxide. The  freezing 
curve  was  determined 
as  usual.  The  observa- 
tions are  plotted  in  Fig. 
4.  The  results  obtained 
are  as  follows: 


F^'-k''  -irf-iT^-i/e-ie^-ife-prf 


Fig.  4. — Calcium  hydroxide  and'water. 
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Calcium  Oxms  and  Watar. 

_xpa 

Total             I'ree  and           due  to                                      and  capillary  free  and 

.  _ter  taken,  capillary  water  freezing.  Volume  of        water  found,  capillary 

(g.).                  (g.)<                 taken.             (em.).                  1  cm.                    (g.).  water. 

3.931  3.510  1. 251  16.0  0.006205  1.094  0.157 

The  amount  of  free  water  found  is  somewhat  below  the  amount  taken. 
The  curve  shows  very  well,  however,  the  behavior  of  a  hydrate  containing 
very  little  capillary  water,  the  curve  CD  being  nearly  a  straight  line  and 
coinciding  closely  with  DF. 

The  Hydrogel  of  Alumina. 

In  the  dilatometer  work  on  all  the  hydrogels,  we  have  had  two  objects 
in  mind:  (i)  to  determine  the  general  structure  of  the  gels  and  how  this 
varies  with  conditions;  and  (2)  to  determine,  at  least  approximately, 
the  amount  of  water  which  does  not  freeze  and  is  therefore  neither  free 
nor  capillary. 

The  hydrogel  of  alumina  was  the  first  with  which  we  worked  and  many 
of  the  determinations  were  carried  out  using  a  minimum  temperature  of 
only  — 20®.  These  results  serve  to  show  the  structture  of  the  hydrogels 
and  how  it  changes  on  freezing.  It  is  probable,  however,  that  not  all  the 
capillary  water  is  removed  at  this  temperature,  so  that  the  results  on  com- 
bined water  in  these  determinations  are  undoubtedly  high. 

Pour  samples  of  aluminium  hydroxide  were  prepared  under  varied 
conditions.  It  does  not  appear  that  the  method  of  precipitation  affects 
their  character  noticeably.  All  samples  were  washed  free  of  chlorides. 
They  were  prepared  as  follows: 

Sample  A.  Precipitated  by  ammonia  from  a  cold  dilute  solution  of 
the  chloride.  After  washing,  it  was  air-dried  till  it  reached  the  composition 
desired. 

Sample  B.  Precipitated  by  ammonia  from  a  hot  concentrated  solution 
of  aluminium  chloride  containing  much  ammoiiium  chloride.  It  was 
air-dried  after  thorough  washing. 

Sample  C.  A  part  of  Sample  B  before  being,  dried  in  the  air  to  any 
extent  was  thoroughly  frozen.  The  granular  residue  remaining  after 
melting  was  filtered  and  partly  air-dried. 

Sample  D.  Prepared  like  A  but  to  hasten  the  drying  it  was  frozen  at 
a  temperature  a  Uttle  below  zero  and  remelted. 

The  dilatometer  observations  on  these  samples  have  been  plotted  in 
the  etudes  which  follow.  The  accompanying  tables  give  other  necessary 
data  and  also  the  results  calculated  from  the  observations.^ 

The  first  experiments  show  the  effect  on  capillary  water  of  varying 
amounts  of  free  water  in  the  hydrogel.  For  this  purpose.  Sample  A  was 
air  dried  and  two  samples  were  taken  dmring  the  drying,  containing 

^  Tables  of  the  values  plotted  in  all  fig^ures  are  in  the  dissertation  presented  by  Sax- 
ton. 
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decreasing  percentages  of  water.    The  observations  and  results  are  shown 
in  Figs.  5  and  6  and  Tabk  I. 


I      A-   A-  >   >   ^o>-l^J.^J.O-,k.'.^.,'^.k>    I 
Pig.  5- — Alumina  and  water  (75.2%  water). 

Tablb  I. 
Showing  Bffect  of  Water  Content  on  the  Capillary  Water  (Sample  A). 

Bxpanskm  Weiffht  of 

due  to  apparent 

apparent  capillary 

Per  cent.         capillary  Value  of  water 

No.  of  Wt.  of  HsO  in  water,  1  cm.  in  per  g. 

figure.         hydrofd.  hydrogel.  (cm.).  cc.  M»0%. 

5  12.075  75.23    1.^3-7  0.00920  0.1255 

6  10.091  5446  5*0  0.01058  0.1269 

It  is  probable  that  the  last  of  the  capillary  water  was  not  frozen  in  either 
No.  5  or  No.  6,  but  the  results  are  comparable,  as  the  lowest  temperature 
m  eacli  case  was  about  the  same.    Roughly,  the  difference  between  the 
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two  results  shows  in  the  figures  from  the  lengths  of  BC;  that  is,  No.  5 
contains  much  the  larger  proportion  of  free  water.  The  amounts  of  appar- 
ent capillary  water,  i.  e.,  water  freezing  below  — 6®,  per  gram  of  alumina, 
are  shown  in  the  last  column.  The  results  are  practically  identical  and 
indicate  that  the  amount  of  capillary  water  in  the  sample  does  not  change 
as  free  water  evaporates. 
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Pig.  6. — Alumina  and  water  (54.46%  water). 

Another  portion  of  Sample  A  was  dried  till  it  contained  approximately 
the  water  content  (38.18)  corresponding  to  combined  water  sdone.  When 
cooled,  the  contraction  in  the  dilatometer  was  entirely  r^;ular  as  far  as 
the  minimum  temperature  observed,  — 16.4®,  and  the  dilatometer  readings 
on  falling  and  rising  temperature  lay  on  the  same  curve.  Evidently, 
no  water  was  frozen  in  this  sample. 

The  change  in  appearance  of  alumina  after  freezing  made  it  appear 
probable  that  the  proportion  of  free  water  increased  at  the  expense  of 
capillary  water  by  this  process.  To  prove  this,  the  same  sample  was 
frozen  three  times  in  the  dilatometer.  The  observations  on  the  first 
and  the  third  freezing  are  plotted  in  Pig.  7.  The  contraction  before 
freezing  in  both  cases  is  represented  by  AB.  The  dotted  lines  show  the 
results  of  the  first  freezing  in  this  curve,  as  well  as  in  all  others  where  a 
precipitate  has  been  frozen  more  than  once.    In  order  to  avoid  confusion 
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in  the  diagram,  the  observations  on  the  second  freezing  are  not  plotted. 
The  results  obtained  are  in  Table  II. 

Tabia  II. 
Detennination  of  Free  and  Apparent  Capillary  Water,  Showing  Effect  of  Repeated 

Freezing. 
Sample  B.    58.09%  HtO. 


No.  of         Treat- 
ftffure.  ment. 

7        Air  dried 

Once  frozen 

7        Twice  frozen 


8.655  g. 

».     I  cm. 

—  0.009751  CC 

Expansion 
in  cm. 
due  to 
free  and 

capillary 
water. 

Wt.  of 
free  and 
capillary 

water. 

Expansion 
In  cm. 
due  to 

apparent 

capillary 

water. 

Wt.  of 
apparent 
capillary 

water. 

Wt.of 
apparent 
capillary 

water 

21.6 

2.322 

3.9 

0.4192 

O.II56 

22.1 

2.376 

1.5 

O.1612 

0.0445 

22.1 

2.376 

I.O 

0.1075 

0.0296 

The  results  in  the  last 
two  cxdunins  show  that 
capillary  water  is   re- 
duced by  each  succes- 
sive freezing.    On  the 
other  hand,  the  table 
shows  that  the  weight 
of   free    and   capillary 
water,  representing  all 
the  water  frozen, 
changes    but    little    in 
successive  freezings. 
Stated  in  a  somewhat 
different  way,  repeated 
freezing  appears  to  con- 
vert most  of  the  capil- 
lary   water    into    free 
water,    while    there   is 
but  little  effect  on  com- 
bined water. 

The  efiFect  of  freezing 
was  also  shown  in  an- 
other case.  Sample  B 
was  thoroughly  frozen, 
melted  and  partly   air 
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Fig.  7. — ^Alumina  and  water, 
freezing.) 


(Effect  of  repeated 


dried  before  placing  it  in  the  dilatometer.  Two  lots  of  this  material 
(Sample  C)  were  used  in  independent  determinations.  Both  sets  of  ob* 
servations  are  plotted  in  Fig.  8  and  other  data,  with  the  results,  are  in 
Table  III. 

While  the  two  curves  are  not  identical,  the  capillary  water  is  much  less 
:han  in  material  which  had  not  undergone  previous  freezing. 
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Tablb  III.  '^" 
Determination  of  Apparent  Capillary  Water  after  Previous  Freezing. 
Sample  C.    59-09%  H2O. 


No.  of 
flgure. 

8a 

Sb 


Wt.  of 
hydrocel. 

4.401 
5.996 


Bxpansioo 

due  to 

apparent 

capillary 

water. 

(cm.). 

0.05 
1.4 


Volume  of 
1  cm., 
(cc). 

0.009741 

0.009751 


Wt.  of 
apparent 
capillary 

water 

per  f. 

AhCh. 

0.003 
0.061 


t 


_i 


Curve  a 


M 


The  age  of  a  hydrogel  appears 
to  affect  it  considerably.  Sample  D 
has  been  used  to  show  this.  The 
sample  was  frozen  first  by  placing 
it  out  of  doors  at  a  freezing  tem- 
perature before  it  was  sealed  in  the 
dilatometer.  The  material  was 
granular  after  freezing  but  the  tem- 
perature was  not  sufficiently  low  to 
affect  the  apparent  capillary  water 
as  will  be  seen  below.  A  tempera- 
ture of  — 6®  is  required  to  affect 
this.  The  sample  was  then  frozen 
in  the  dilatometer  and  the  curve 
shown  by  the  dotted  lines  in  Pig.  9 
was  obtained.  After  standing  eight 
months  the  sample  was  frozen  again 
twice,  once  to  — 20®  and  again  to 
approximately  — ^32®.  The  curves 
for  these  two  freezings  coincided  so 
nearly  that  only  the  last  one  is 
shown  in  the  figure.  A  comparison 
of  the  curves  in  Fig.  9  with  the  ones 
in  Fig.  7,  where  the  material  was 
frozen  repeatedly  soon  after  prepara- 
tion, will  show  at  a  glance  the  differ- 
ence in  the  two  cases.  Th^  apparent 
capillary  water  diminished  in  both 
cases  after  each  freezing,  but  in  Fig. 
9,  the  total  free  and  capillary  water, 
after  long  standing,  is  considerably 
Ptg.  8.— Alumina  and  water  (material  pre-  greater  than  that  found  when  the 
viously  frozen).  same  precipitate  was  fresh,  as  I>t£i 

lies'well  above  DiEi-    In  Fig.  7,  on  the  other  hand,  where  the  material 
was  fresh,  DiBi  and  Dt£t  are  dose  together,  showing  that  total  free  and 
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capillary  water  has  changed  but  little  after  each  freezing.  It  will  be  noticed 
too,  in  Fig.  9,  that  the  water  freezing  at  — 6^  after  long  standing,  repre- 
sented by  the  length  of  BCt,  is  greater  than  the  total  amount  of  free  and 
capillary  water  freezing  from  the  fresh  material.  There  is  evidently 
an  appreciable  amount  of  water  in  the  fresh  material  which  did  not  freeze 
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Pig.  9. — ^Alumina  and  water.     (Effect  of  aging  hydrogel.) 

at  — 18^  and  would  therefore  be  counted  as  combined  ¥rater,  which  does, 
however,  freeze  without  difficulty  after  long  standing.  We  shall  discuss 
this  point  below  in  considering  combined  water.  The  quantitative  data 
r^^arding  free  and  capillary  water  in  this  sample  are  in  Table  IV.    The 

Tablb  IV. 

Determination  of  Pkee  and  Capillary  Water,  Showing  Effect  of  Age  on  the  Hydrogel. 

Sampk  D.    51.90%  HsO.    5.179  g.  substance,     i  cm.  »  0.0063SS  cc. 

BxpAniioa  Wt.  of        Bzp*n*ion  doe  Wt.  of  Wt.  of  appar" 

due  to  free  free  and        to  apparent  apparent  ent  capillary 

No.  of  and  capfllarr  capillary  capillary  capillary  water  per 

figa^.       Treatment.  water,  (cm.),  water,  (g.)*     water,  (cm.).  water.  gram  AisOi. 

9        Presh  13.6  0.943S  4.6  0.3189  0.1280 

Stood  8  months     17.4  1.206  1.7  0.1179  0.0473 

9        Stood  8  months      17.6  1.220  1.3  0.0901  0.0362 
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results  show  the  character  of  the  changes  taking  place,  independent  ci 
whether  all  capillary  water  has  been  frozen  or  not. 

The  increase  of  free  and  capillary  water  is  from  0.9428  g.  to  1.220  g. 
while  in  Table  II,  the  fresh  sample,  which  was  also  frozen  three  times» 
showed  but  a  slight  increase  in  free  and  capillary  water  after  eadi  freezing. 
The  change  in  apparent  capillary  water  after  each  freezing  is  nearly  the 
same  in  both  samples. 

Combined  Water  in  the  Hydrogel  of  Alumina. 

An  inspection  of  the  diagrams  for  alumina  will  show  that  commonly 
the  dilatometer  readings  near  D  are  lower  on  the  descending  than  on 
the  ascending  ciurve.  This  we  interpret  to  mean  that  the  temperature 
has  not  been  sufficiently  lowered  in  these  cases  and  that  freezing  has  taken 
place  as  far  as  D,  so  that  on  the  ciurve  for  rising  temperature,  the  volume 
is  greater,  due  to  the  additional  ice  formed  at  lower  temperatures.  It  is 
probable  that  in  these  cases,  all  capillary  water  has  not  been  frozen  even 
at  D,  and  the  results  on  capillary  water  are  therefore  low  while  combined 
water  is  correspondingly  high.  In  general,  of  course,  the  lower  the  mini- 
mum temperature  obtained,  the  more  completely  should  capillary  water 
be  frozen.  The  results  in  Table  IV  and  Pig.  9  have  shown  that  a  change 
occurs  in  the  hydrogel  on  standing  which  increases  the  amotmt  of  water 
that  can  be  frozen  under  the  conditions  we  used.  Whether  this  increase 
comes  from  water  which  was  actually  combined  with  alumina,  or  whether 
it  was  capillary  water  of  too  low  a  freezing  point  to  appear  earlier,  our 
data  do  not  show.  Further  work,  particularly  at  mudi  lower  tempera- 
tures, will  be  necessary  to  decide  this.  It  is,  however,  evident  that  the 
values  for  combmed  water  m  old  material  should  represent  equilibrium 
better  than  where  fresh  material  was  used. 

We  give  in  Table  V  the  results  thus  far  obtained  on  combined  water. 
The  necessary  data  have  been  taken  from  the  previous  tables  and  dia- 
grams. The  free  and  capiUary  water  actually  frozen  in  each  determination 
is  measured  by  the  length  of  the  vertical  BE.  As  the  total  water  is  known, 
it  is  a  simple  matter  to  calculate  the  unfrozen.  Where  a  sample  has  been 
frozen  more  than  once,  the  results  of  the  final  freezing  only  are  given 
in  the  table.    The  last  column  gives  the  percentage  of  unfrozen  water 

Tabls  V. 

Percent. 

a.  b,  c.  d.  t.  o' H«0 

Wt.of  Wt.  of  Total        Preeand     Unfrosen       "tS**" 

No.  of  hydrogel,  AUOi,  HaO.   capiUary  HiO,       H«0.  \W9 

figure.  (g.).  (g.>.  (g.).  (g.).  (g.).  *  +  «' 

5 12.075  2.991  9.084  6-755  2.329  43.8 

6 10.091  4.595  5.496  2.251  3.245  41.4. 

7 8.655  3.627  5.028  2.376  2.652  42.2 

8a 4.401  1.800  2.601  1. 181  1.420  44.1 

86 5.996  2.453  3.543  1.537  2.006  45.0 

9 5.179  2.491  2.688  1.220  1.468  37.1 
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lemaixung  in  the  hydrogd,  after  deducting  the  water  which  has  frozen. 
This  is  the  same  as  the  percentage  of  combined  water  in  the  hydrogd, 
if  all  capillary  water  is  frozen. 

The  results  vary  considerably  for  reasons  previously  given.  The  last 
value,  37.1%  of  combined  water,  is  undoubtedly  the  best.  It  was  ob- 
tained on  material  which  had  been  allowed  to  age  for  eight  months  and 
the  lowest  temperature  of  any  was  used  in  the  freezing.  There  is  the 
following  evidence  that  aU  capillary  water  was  frozen  in  this  material. 
When  frozen  the  first  time  after  standing  eight  months,  the  temperature 
was  lowered  to  only  — 20^.  On  the  next  freezing,  the  minimum  tempera- 
ture was  nearly  — ^32^  In  spite  of  this  difference  of  X2^  the  line  D£ 
(P^*  9)  i<^  the  last  freezing  almost  exactly  covers  the  first  (not  shown 
in  the  diagram)  which  means  that  no  additional  ice  formed  below  — 20^ 
in  the  last  freezing.  This  is  also  shown  by  the  fact  that  the  curves  CD 
and  DP  very  nearly  coincide  for  a  considerable  distance  from  D.  It 
seems  very  probable  therefore  that  all,  or  nearly  all,  free  and  capillary 
water  was  frozen  in  this  sample  €md  that  the  result,  37.1%,  represents 
more  closely  than  any  of  the  others,  the  percentage  of  combined  water  in 
alumina.  The  calculated  percentage  of  water  in  Al(OH)t  is  34.6,  a  value 
2.5%  below  the  result  found. 

We  have  the  following  additional  evidence  that  the  result  obtained 
above  is  nearly  correct:  A  sample  of  alumina  was  dried  over  sulfuric 
add  till  it  contained  33.9%  HjO.  It  was  then  rehydrated  over  water 
tin  it  contained  39.4%.  This  material,  in  the  dilatometer,  separated  a 
little  ice  between  — ^5**  and  — ^8**.  Below  this,  the  cooling  and  heating 
curves  were  straight  lines  and  coincided  exactly,  the  temperature  being 
lowered  to  — ^31.4®.  Allowing  for  the  ice  which  separated,  the  residue 
contained  37.5%  HjO,  a  value  very  dose  to  that  given  previously  for 
combined  water.  The  fact  that  below  — 6°,  the  cooling  and  heating 
curves  coindde  so  exactly,  is  very  strong  evidence  indeed  that  all  free 
and  capillary  water  was  frozen.  It  follows  that  all  of  the  water  up  by 
the  partly  dehydrated  alumina  which  did  not  freeze,  amounting  to  3.2%, 
must  have  been  recombined.  As  will  be  shown  bdow,  the  water  taken 
up  by  partly  dehydrated  siUca  behaves  quite  differently. 
The  Hydrogel  of  Silica* 

Silidc  add  was  prepared  from  a  dilute  solution  of  sodium  silicate. 
One  hundred  and  twenty  grams  of  this  salt  were  dissolved  in  four  liters 
of  water  and  the  solution  addified  with  hydrochloric  add.  Silica  was 
predpitated  from  this  solution  by  the  addition  of  ammonia.  It  was 
partly  washed  by  decantation  and  then  treated  with  hydrochloric  acid  to 
remove  any  basic  oxides.  Finally  it  was  washed  till  chlorides  were  re- 
moved. The  predpitate  was  divided  into  two  parts,  one  of  which,  SiOj  (I), 
was  frozen  and  mdted  before  placing  it  in  the  dilatometer  while  the  other, 
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SiOs  (II),  was  dehydrated  in  a  current  of  dry  air  at  ordinary  temperature 
till  dry  in  appearance.  In  freezing  and  melting  SiOt  (I),  a  considerable 
quantity  of  water  was  removed,  leaving  it  granular  in  appearance.  This 
is  identical  with  the  behavior  observed  by  Lottermoser.^  The  water 
thus  frozen  out  contained  only  a  trace  of  chlorides.  A  third  sample  was 
prepared,  starting  with  a  part  of  SiOt  (II).  The  latter  was  dried  over 
concentrated  sulfuric  add  at  room  temperature  and  then  rehydrated 
over  water  till  saturated.    This  sample  is  called  SiOt  (Il-a). 

Dilatometer  observations  were  taken  like  those  on  alumina  except 
that  lower  temperatures  were  commonly  used.  In  Fig.  10,  the  curves 
of  SiOt  (i)  are  given  for  the  first  and  third  freezings  in  the  dilatometer. 
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Fig.  10. — Silica  and  water  (I). 

The  curve  for  the  second  freezing  nearly  coincides  with  that  of  the  third 
and  is  not  shown  in  the  diagram.    The  minimum  temperature  cm  freezing 
1  Btf,,  41, 3976  (1908). 
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the  first  time  was  not  sufficiently  low,  as  may  be  seen  by  inspecting  the 

diagram,  and  only  the  results  obtained  from  the  second  and  third  freezings 

are  given  (Table  VI). 

Table  VI. 

SiOs  (I). — ^Results  Obtained  on  Irast  Two  Freezings. 

71.18%  HfO.    6.131  g.  hydrogel.     i  cm.  »  0.01064  cc. 

6.  d.                      €.  iw    '♦     r 

Expansion  e.               Bzpansion  Apparent  *^*'  ^'*  **' 

a.                  due  to  Free  and           due  to  capillary  /.  unrroaen 

SiOs  in            free  and  capillary          apparent  water  per  Unfrozen  ITSw 

hydrogel,  capillary  water,  water,      capillary  water,  g.  SiOt.  water,  '"^* 

(g).                 (cm.).  (g.).                 (cm.).                 (g.).  (g.).  a+/- 

i.>67  31.3  3.672  -12.3  0.817  0.692  28.1 

1.767  31. 3  3.672  10.8  0.717  0.692  28.1 

SiOi  (II)  was  frozen  twice  in  the  dilatometer.  Both  curves  were  identical 
except  that  they  differed  slightly  on  the  initial  expansion  when  freezing 
began,  and  only  the  second  is  given  in  Fig.  1 1 .     Freezing  began  at  so  low 
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Fig.  II. — ^Silica  and  water  (II). 
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a  temperattire  that  the  result  for  apparent  capillary  water,  by  extrapo- 
lating to  — 6°  has  no  value.    The  otter  results  are  given  in  Table  VII. 

Table  VII. 

SiOi  (II). — Identical  Results  Obtained  on  Both  Freezings. 

78.36%  HaO.    4.903  g.  hydrogel.     i  cm.  =  0.01064  cc* 


0. 

b. 
Expansion 

e. 

d. 

Per.  cent  of  un- 

SiOiin 

due  to  free 

capillary 

Unfrozen 

frozen  water. 

hydrogel. 

and  capillary. 

water. 

water. 

100  i 

(g.). 

water,  (cm.). 

(g.). 

(g.). 

a  +  rf- 

1. 061  39.1  3-414  0.428  28.7 

As  may  be  seen  from  Fig.  10  and  Table  VI,  the  capillary  water  in  silicic 
add  behaves  quite  differently  from  that  in  alumina.  Prom  Pig.  10, 
the  lengths  of  BC  and  BCs  are  nearly  equal,  showing  that  the  amounts 
of  free  and  of  capillary  water  have  changed  but  little  on  successive  freez- 
ings. It  is  evident,  therefore,  that  silica  reabsorbs  capillary  water  after 
it  has  been  frozen  and  melted,  while  we  have  shown  previously  that  the 
amount  of  capillary  water  in  alumina  continually  decreases  on  freezing 
and  yields  free  watef .  The  apparent  capillary  water,  i.  e.,  water  freezing 
below  — 6°,  amounts  to  over  0.7  g.  per  gram  of  silica.  This  is  nearly 
six  times  as  much  as  any  sample  of  alumina  contained. 

In  both  samples,  the  cooling  and  heating  curves  nearly  coincide  in 
their  lower  portion,  near  D,  showing  that  very  little  ice  forms  as  low  as 
D.  For  instance,  in  SiOs  (II),  at  — 20°,  the  increase  in  voliune  on  rising 
temperature  is  due  to  only  0.035  S*  ^^  water.  This  amount  has  frozen 
by  lowering  the  temperature  from  — 20**  to  — 33^.  It  appears,  therefore, 
that  nearly  all  capillary  water  has  been  frozen  and  the  unfrozen  water 
iiepresents  true  combined  watef  fairly  closely.  In  the  two  determinations 
given  in  the  tables  this  amounts  to  28.1  and  28.7%,  corresponding  to 
the  empirical  formulas  SiOj.i.3iH20  and  Si02.i.35H20.  These  results, 
like  those  for  alumina,  may  well  be  somewhat  high,  though  whether  the 
unfrozen  water  forms  a  definite  compound  like  HtSiOs  or  a  solid  solution, 
with  a  sUght  excess  of  water,  must  for  the  present  remain  unsettled. 

These  results  on  silicic  add,  which  show  that  over  25%  of  water  remain 
unfrozen  in  the  hydrogd,  appear  at  first  sight  to  contradict  the  results 
obtaiaed  by  Bachmann^  and  Anderson,*  who  have  shown  that  sihdc 
add,  after  being  dehydrated  over  sulfuric  add,  absorbs  equal  volumes  of 
various  liquids  and  that  the  liquids  are  not  absorbed  in  any  simple  molecular 
proportion.  This  is  very  strong  evidence  indeed  that  all  these  liquids, 
including  water,  are  absorbed  in  the  capillary  condition,  and  that  water, 
for  instance,  on  being  taken  up  by  the  silica,  does  not  combine  with  it. 
The  silidc  add  used  in  our  work,  however,  is  entirdy  different  in  character 
from  that  used  by  Bachmann  and  Anderson,  as  it  has  not  been  first  de- 

^  Z.  anorg.  Chem,,  79,  202  (1913). 
a  Z.  physik.  Chem.,  88,  191  (1914). 
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hydrated  over  sulfuric  add.  It  is  evident  that  if  the  reaction  between 
silica  and  water  is  not  reversible,  water  may  be  combined  originally  and 
after  dehydrating,  it  will  only  be  taken  up  mechanically. 

We  have  carried  out  one  dilatometer  experiment  on  silica  which  had 
first  been  largely  dehydrated  over  sulf  tuic  add  and  then  allowed  to  become 
saturated  with  water.  The  behavior  of  this  material  on  freezing  is  quite 
different  from  that  of  siUca  which  has  not  been  previously  dehydrated. 
The  material  SiOs  (Il-a)  was  dried  over  concentrated  sulfuric  add  till 
nearly  constant  in  weight.  It  then  contained  9.2%  of  water.  It  was  then 
allowed  to  stand  over  water  at  room  temperature  till  saturated.  It  then 
contained  50.96%  of  water.  This  material  was  frozen  and  mdted  twice. 
Cooling  and  heating  curves  were  both  taken  the  first  time,  while  on  the 
second  freezing,  only  the  heating  curve,  starting  at  — ^33  ^  was  taken. 
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Pig.  12. — Silica  and  water.     (Silica  had  previously  been  dehydrated.) 

The  observations  are  plotted  in  Fig.  12.  The  di£ference  in  diaracter 
between  these  curves  and  those  in  Figs.  10  and  11,  where  the  material  had 
not  been  previously  dehydrated,  is  quite  striking.  The  curve  CiDi  does 
not  coincide  with  DiFi  in  its  lower  part,  showing  that  ice  was  still  forming, 
as  far  as  Di.  Also,  DiFi  and  D$Fi  begin  to  curve  immediatdy  on  leaving 
Di  and  Dj,  showing  that  ice  is  melting  at  these  extremdy  low  tempera- 
tures. This  is  excdlent  evidence  that  water  is  present  in  much  finer 
capillaries  in  this  sample  than  in  the  others  and  supports  the  view  that 
after  dehydration,  water  reenters  the  silica  in  extremely  fine  capillaries. 
On  account  of  the  character  of  the  curves,  no  quantitative  data  regarding 
capillary  water  can  be  derived  from  the  diagram. 

The  Hydrogel.of  Ferric  Oxide. 
Ferric  hydroxide  was  prepared  by  predpitating  a  solution  of  ferric 
chloride  with  ammonia.  It  was  thoroughly  washed  by  decantation  and 
on  the  filter.  Before  use,  it  was  frozen  and  mdted.  The  water  separated 
by  this  means  was  removed  by  filtering  and  the  residue  left  exposed  to 
the  air  till  it  appeared  nearly  dry.  The  sample  was  frozen  twice  in  the 
dilatometer.  Both  series  of  observations  are  plotted  in  Fig.  13.  The 
curves  resemble  somewhat  those  for  alumina  and  silica  and  the  presence 
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of  .the  three  kinds  of  water  in  the  precipitate  can  readily  be  shown.  The 
iomi  oi  the  curve  CD,  however,  differs  from  that  of  the  corresponding 
curves  of  these  hydrogels,  Down  to  — 14^,  contraction  is  nearly  regular 
after  fnieezing  begins.  At  this  temperattu'e,  the  ice  separating  increases 
and  this  continues  to  — 20°.  From  this  temperature,  no  observations 
could  be  made  till  Di  or  D2  was  reached,  but  the  real  course  of  the  ctu^e 
cannot  be  greatly  different  from  that  represented  in  the  figure.  The 
cwrve  DF  begins  to  slope  away  from  DE  at  — 28°,  due  to  melting.  The 
curves  show  that  capillary  water  in  this  precipitate  is  held  more  firmly 
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Fig.  13. — Ferric  oxide  and  water. 

or  in  finer  capillaries,  than  in  the  other  colloids  investigated.  Apparent 
capillary  water  was  found  to  be  nearly  the  same  on  each  freezing.  It 
amounted  to  0.449  g.  per  gram  of  ferric  oxide  on  the  first  freezing,  a  value 
intermediate  between  the  value  for  silica  and  alumina.  The  hydrogd 
resembles  that  of  silica  in  there  being  but  little  change  in  capillary  water 
caused  by  freezing. 

The  results  obtained  are  in  Table  VIII.  From  the  form  of  the  curve,  it 
is  probable  that  the  results  are  not  as  reliable  as  those  for  alumina  and 
silica. 

Tablb  VIII. 
Hydrogel  of  Ferric  Oxide. 


Weight  of 

hydrogel. 

(g.)- 

9.190 


Expansion 
due  to 
free  and 
hydrogel.     capillary  water, 
'    '  (cm.). 


Weight  of 
PesOs  in 


rdrogel 
4.178 


25.3 


d. 

Volume 

of  1  cm., 

(cc.). 

0.01064 


e. 

Free  and 

capillary 

water, 

(«.). 

2.968 


Unfrozen 

water. 

Or). 

2.044 


Perc«iit.  of 

mrfroatcn 

water 

100/ 

»  +r 

33.4 
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The  percentage  of  water  remaining  unfrozen  corresponds  to  the  em* 
pineal  formula  Fei08.4.25HiO. 

In  view  of  the  results  obtained  above,  which  show  quite  definitely  that 
considerable  amounts  of  water  can  be  frozen  from  colloidal  precipitates 
after  all  water  in  its  usual  free  condition  has  been  removed,  it  is  necessary 
to  correct  the  conclusions  which  were  drawn  by  one  of  us*  (Foote)  re- 
garding the  condition  of  water  in  hydrogels.  A  method  was  developed 
in  the  work  referred  to  which  showed  the  point  where  free  water  was  just 
removed,  and  the  water  remaining  was  considered  to  be  in  solid  solution. 
It  is  .evident,  however,  that  after  free  water  is  removed,  it  will  be  followed 
by  capillary  water,  with  its  lower  vapor  pressure  corresponding  to  lower 
freezing  point,  so  that  the  method  is  one  for  determining  the  amount  of 
combined  and  capillary  water  in  a  hydr(^;el  instead  of  water  in  soUd  solu- 
tion. For  this  purpose,  the  method  probably  gives  more  reliable  data 
than  any  other.  The  results  of  the  two  methods  are,  however,  not  strictly 
comparable,  the  main  reason  being  that  the  dilatometer  method  includes 
part  of  the  capillary  water  in  the  free  water,  as  previously  explained, 
so  that  the  "'apparent  capillary  water"  found  is  less  than  the  capillary 
water  which  really  exists. 

We  are  indebted  to  Prof.  W.  G.  Mixter  of  this  laboratory  for  suggesting 
the  use  of  lampblack  and  water  in  our  work. 

Work  on  the  freezing  of  colloids  is  being  continued  in  this  laboratory. 

N«w  Haysm,  Coim. 


[Contribution  vrom  tbb  Jspi^rson  Piiysicai<  Laboratory  o9  Harvard  UNivmtsiTy.] 
FURTHER  NOTE  ON  BLACK  PHOSPHORUS. 

By  p.  W.  Brxdoman. 
Recdred  NoTember  26,  1915. 

In  a  previous  number  of  This  JouRNAt*  I  have  described  a  new  black 
modification  of  phosphorus.  It  was  produced  by  heating  white  phos- 
phorus to  200®  under  a  pressure  of  12000  kg.  or  more;  attempts  to  form  it 
by  other  methods  failed.  Professor  A.  Smits,  of  Amsterdam,  who  had 
made  such  exhaustive  studies  of  the  relations  between  white  and  red 
phosphorus,  has  interested  himself  in  the  subject  and  has  made  measure- 
ments of  the  vapor  pressure  of  black  phosphorus.  He  has  suggested  in 
correspondence  that  it  would  be  of  interest  to  find  the  effect  of  high  pres- 
sures on  red  phosphorus  in  the  presence  of  iodine  as  a  catalyzer.  The 
purpose  of  this  note  is  to  describe  this  experiment  and  several  others 
dealing  with  the  same  subject — ^the  possibility  of  changing  red  to  black 
phosphorus. 

"Red"  phosphorus  is  known  not  to  be  a  definite  substance,  but  varies 

*  This  Journal,  30,  1388  (1908);  31,  1020  (1909)  • 

•  Ibid.,  36,  1344  (1914). 
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greatly  in  appearance  and  density  according  to  the  method  of  prepara- 
tion. The  varieties  dose  to  the  upper  limits  of  density  are  violet  in  ap- 
pearance, and  are  called  by  Smits  "violet"  phosphorus.  At  a  definite 
temperature  there  is  a  definite  constitution  at  which  violet  phosphorus 
is  in  internal  equilibrium;  in  this  sense  violet  phosphorus  is  a  definite 
substance.  In  the  following  e3q>eriments,  two  varieties  of  red  phosphorus 
are  to  be  distinguished;  a  bright  brick  red  variety  formed  by  heating 
white  phosphorus  to  a  red  heat  at  a  presstu-e  of  500  kg.  in  an  atmosphere 
of  nitrogen,  and  a  sample  of  violet  phosphorus,  probably  much  the  same 
as  the  violet  phosphorus  of  Smits. 

The  violet  phosphorus  was  made  by  heating  white  phosphorus  under 
presstu'e  in  the  presence  of  sodium.  I  discovered  quite  by  accident  that 
metallic  sodium  is  a  very  efficient  catalyzer  of  the  transition  from  white 
to  violet.  The  white  phosphorus,  with  a  trace  of  sodium,  was  subjected 
to  a  presisure  of  4000  kg.  at  room  temperature,  and  then  heated  at  constant 
volume  to  300^.  The  rise  of  pressure  during  the  rise  of  temperature  was 
abnormally  low,  only  500  kg.  At  200  ^  pressure  was  raised  to  12500  kg. 
for  20  minutes  and  then  to  130000  kg.  for  45  minutes.  The  expected  transi- 
tion to  black  phosphorus  did  not  occur.  The  apparatus  was  then  cooled 
while  under  pressure,  and  pressure  released  at  room  temperature.  The 
white  phosphorus  was  found  entirely  transformed  to  violet.  A  small 
piece  of  the  bright  red  phosphorus  which  had  been  placed  originally  at 
the  bottom  of  the  mass  of  white  phosphorus  was  quite  unaltered  in  ap- 
pearance. There  can  be  no  question,  as  shown  by  the  change  of  pressure, 
that  the  change  from  white  to  violet  took  place  during  the  heating  at 
some  temperattu-e  below  200^.  An  interesting  point  not  settled  by  the 
experiment  is  as  to  whether  the  change  to  violet  takes  place  above  or  below 
the  melting  point  of  white  phosphorus;  at  4000  kg.  the  melting  tempera- 
ture is  about  150^.  The  density  of  this  violet  phosphorus  determined 
by  the  suspension  method  was  2.348.  This  is  quite  normal.  In  view 
of  the  method  of  formation,  including  cooling  under  high  pressure,  it  is 
very  probable  that  the  violet  phosphorus  obtained  in  this  way  is  in  a  con- 
dition corresponding  to  internal  equilibrium  at  200^  and  12000  kg.  The 
normal  value  for  the  density  shows  that  the  internal  equilibrium  condi- 
tions at  this  pressure  and  temperattu-e  cannot  be  much  different  from 
the  equilibrium  conditions  at  atmospheric  presstu'e. 

A  piece  of  the  violet  phosphorus  formed  in  this  way,  together  with  a 
piece  of  the  bright  red  variety,  were  then  subjected  to  pressiue  and  tem- 
perattu-e in  the  presence  of  iodine;  this  is  the  experiment  stiggested  by 
Professor  Smits.  Pressure  was  raised  to  8000  at  20®,  temperattue  raised 
to  200^  at  constant  voltune,  and  then  pressure  raised  to  12500  for  5^/s 
hours.  The  cylinder  was  then  cooled  and  the  presstu'e  released.  No 
black  phosphorus  had  been  formed.    There  was  no  change  whatever 
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of  the  violet  in  appearance,  but  the  bright  red  variety  was  changed  to 
the  same  violet  as  the  other.  Evidently  then,  the  violet  modification 
is  the  stable  form  as  compared  with  the  red  at  200^  between  8000  and 
12000  kg. 

Two  additional  attempts  to  change  the  bright  red  phosphorus  to  black 
in  the  presence  of  soditun  were  witibout  result;  pressure  was  maintained 
at  12500  for  3  hours  on  each  oi  these  attempts. 

Finally,  in  the  attempt  to  force  red  phosfdiorus  to  change  to  black,  a 
jMece  of  red  ¥7as  surrounded  by  white  which  was  raised  to  12500  at  200^ 
until  the  white  was  transformed  to  black,  in  the  regular  way.  I  thought 
that  there  was  a  very  sUght  possibiUty  that  if  the  red  were  imprq;nated  with 
white  in  which  the  change  to  black  were  taking  place  that  the  red  might, 
in  some  way,  get  carried  along  by  the  transition,  if  the  change  from  red 
to  black  is  indeed  a  possible  one.  This  experiment  was  also  without 
result;  the  red  was  found  unaltered  in  the  midst  of  a  mass  of  black.  No 
catalyzer  was  used  for  this  run;  the  effect  of  one  would  have  been  to 
transform  the  white  to  violet  before  reaching  the  region  of  formation  of 
black. 

During  this  run  I  took  occasion  to  determine  the  precise  rate  at  which 
white  is  transformed  to  black.  The  results  were  the  same  as  I  have 
observed  quaUtativdy  on  every  previous  occasion;  I  never  happened  to 
make  numerical  measurements  before.  After  pressure  has  been  raised 
to  something  over  12000  at  200^  the  black  phosphorus  is  never  produced 
instantaneously.  There  is  always  a  period  of  preparation  extending 
over  from  10  to  30  minutes,  during  which  pressure  drops  slowly,  increas- 
ing gradually  in  speed,  until  it 
reaches  a  critical  point  at  which 
a  cataclysmic  transformation  of 
the  entire  mass  to  black  takes 
place.  In  Fig.  i  is  plotted  the 
pressure  against  time  before  the 
transition.  The  total  drop  of 
pressure  previous  to  the  transi* 
tion  was  400  kg.  in  15  minutes; 
during  the  transition  itself  pres- 
sure dropped  more  than  8000  kg. 
in  a  few  seconds.  After  the 
formation  of  the  black  with  drop 
of  pressure  to  4000,  pressure  was 
raised  again  to  iiooo,  the  limit 
of  the  stroke,  with  very.httle  or 
no  further  drop  of  pressure.  This  shows  that  the  change  from  white  to 
black  was  practically  complete  in  the  first  rush. 


1)8800 


12100 
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Fig.  I. — Pressure  in  kg.  per  cm*,  against  time 
in  minutes  immediately  before  the  transition 
from  white  to  black  phosphorus.  The  sud- 
den drop  of  pressure  ^own  at  the  extreme 
right  of  the  figure,  which  marked  the  transi- 
tion, was  of  8006  kg.  and  took  place  in  a  few 
seconds. 
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The  curve  of  Fig.  i  throws  considerable  light  on  the  manner  of  the 
transition.  Direct  change  from  white  to  black  phosphorus  does  not 
take  place.  Some  sort  of  a  preliminary  change,  involving,  a  decrease  of 
volume,  must  occtu-  before  the  transition  can  run.  This  change  takes 
place  at  an  accelerated  pace  at  200°  and  12000  kg.;  it  will  not  take  place 
with  practical  velocity  at  much  lower  pressures  or  temperatures.  When 
the  preliminary  change  has  reached  a  certain  critical  stage,  at  which  the 
change  in  density  necessary  to  carry  white  to  black  is  surely  not  more 
than  5%  accomplished,  the  entire  edifice  becomes  unstable  and  topples 
over  into  black  phosphorus.  It  is  impossible  to  say  just  what  this  pre- 
liminary stage  consists  of.  It  is  most  probable,  however,  that  it  is  some 
change  uniformly  distributed  throughout  the  volume.  That  this  pre- 
liminary change  is  necessary  is  also  suggested  by  an  experiment  described 
in  the  previous  paper;  white  phosphorus  inoculated  with  black  does  not 
transform  to  black  much  more  easily  than  when  not  inoculated. 

Unless  we  are  going  to  admit  some  phenomenon  of  molecular  momen- 
tum, which  is  almost  inconceivable,  the  fact  that  pressure  during  the 
transition  drops  to  4000  shows  that  at  pressures  even  as  low  as  this  the 
black  modification  is  stable  compared  with  the  white.  The  great  effec- 
tiveness of  the  preliminary  preparation  is  evident;  it  enables  a  transition 
to  run  at  4000  which  will  not  start  without  the  preparation  at  12000. 
The  experiment  further  shows  that  red  or  violet  phosphorus  cannot  be 
an  intermediate  product  between  white  and  black.  If  the  phosphorus 
has  passed  through  violet  on  its  way,  it  would  have  stopped  there,  be- 
cause we  have  already  seen  that  the  transition  from  violet  to  black  does 
not  run.  Probably  the  reason  why  the  transition  from  violet  to  black 
does  not  run  under  the  conditions  is  because  the  preliminary  stage  in  the 
transition  does  not  run;  in  fact,  the  preliminary  process  cannot  run  as  an 
affect  of  pressure,  because  the  density  of  the  modified  white  phos- 
phorus from  which  the  black  forms  itself  is  less  than  that  of  the  red 
phosphorus. 

These  experiments  establish,  therefore:  (i)  that  black  phosphorus  is 
stable  compared  with  white  at  200®  at  pressures  above  4000  kg.  and 
probably  at  lower  pressiu"es;  (2)  that  violet  phosphorus  is  stable  compared 
with  white  at  4000  kg.  and  somewhat  below  200**,  which  of  course  is  to 
be  expected;  and  (3)  that  violet  phosphorus  is  stable  compared  with  red 
at  200^  at  least  between  8000  and  12000  kg.  The  experiments  were  not 
able  to  settle  the  question  as  to  the  relative  stability  of  violet  and  black 
at  high  pressures,  because  the  transition  from  violet  to  black  could  not 
be  made  to  run,  even  with  catalyzers  which  are  effective  for  the  other 
phosphorus  transitions. 

CaMBKIDGS,  MA86. 
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COLLOIDAL  SOLID  SOLUTIONS. 

By  D.  MclMtoui  amd  R.  Bmom. 
Received  December  13.  1915. 

When  a  salt  solution  is  reduced  gradually  in  temperature,  ice  or  salt 
separates  until  the  cryohydric  temperature  is  reached.  If  the  cooling  be 
continued,  the  precipitation  of  salt  and  ice  together  takes  place  regularly 
until  the  material  is  changed  to  a  solid.  But  if  the  solution  be  suddenly 
chilled  by  liquid  air  or  solid  carbon  dioxide,  the  whole  mass  is  quickly 
frozen  without  apparent  segregation  of  salt  or  ice.  We  propose,  in  this 
preliminary  paper,  to  describe  some  of  the  properties  of  these  frozen  solu- 
tions, to  which  we  have  given  the  name  of  colloidal  solid  solutions;  and 
we  hope  in  the  future,  to  study  their  conducting  power,  their  transference 
ratios. and  other  properties  with  some  care. 

The  solutions  were  prepared  by  plunging  a  copper  tube  containing  the 
liquids  (and  the  platinized  electrodes  when  conduction  experiments  were 
intended)  into  a  refrigerant,  such  as  carbonic  acid  and  ether.  When  the 
solution  had  reached  the  temperattu'e  of  the  bath,  the  tube  was  removed 
and  dipped  for  an  instant  into  warm  water.  The  frozen  block  was  pulled 
out,  placed  in  a  test  tube,  and  examined  at  a  convenient  temperature. 

This  frozen  material  naturally  resembled  ice,  but  is  more  opaque  and 
not  so  hard.  It  may  be  ground  to  any  degree  of  fineness  in  a  cooled  mortar. 
When  examined  with  a  microscope,  it  appears  perfectly  homogeneous, 
and  shows  no  evidence  of  the  formation  of  ice  or  salt  crystals,  so  that  the 
particles  may  be  colloidal  in  size.  Analyses  of  sections  from  various  parts 
of  the  solution  showed  the  same  composition.  If  the  solid  be  allowed  to 
mdt  undisturbed,  the  salt — except  in  the  case  of  very  strong  solutions — 
dissolves  completely.  These  solutions  may  be  described  as  "reversible" 
m  comparison  with  the  cryohydrates. 

Frozen  solutions  of  this  type  conduct  electricity  slightly  at  low  tempera- 
tures. When  a  direct  current  is  employed,  the  electrodes  polarize,  and  the 
salt  is  decomposed  as  in  an  aqueous  solution.  With  a  20%  solution  ol 
potassium  iodide  at  — 80^,  iodine  showed  itself  instanUy  when  no  volts 
were  applied.    Alkali,  of  course,  was  produced  dining  electrolysis. 

The  resistance  of  these  solutions  is  large,  but  decreases  rapidly  as  the 
temperature  rises.  A  change  of  30^  may  alter  the  resistance  several 
tiiousandfold. 

When  one  of  these  solutions  is  finely  powdered,  it  gives  on  melting  the 
exact  temperature  at  which  the  original  liquid  woUld  be  in  equilibrium 
with  pure  ice,  so  that  they  can  be  used  to  maintain  any  desired  tempera- 
ture. One  needs  only  to  prepare  a  solution  freezing  at  the  temperature 
desired.  The  solution  is  then  chilled  quickly  in  the  manner  described. 
When  powdered,  it  melts  exactly  at  its  freezing  point,  and  in  a  Dewar 
flask,  may  be  used  to  maintain  a  very  constant  temperature. 
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It  is  possible  in  this  way,  to  prepare  constant  temperature  baths  to 
— ^40°,  using  a  solution  of  hydrochloric  add.  For  lower  temperatures, 
organic  liquids  might  be  employed.  Mixtures  of  salts  might  be  used, 
too,  to  give  constant  melting  points  at  high  temperatures;  but  here  the 
choice  of  materials  is  so  large  that  this  would  be  of  little  value. 


'Z5 
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Fi«.  I. 

We  have  meastured  the  conductivities  at  various  temperatures  of  10, 
20,  and  30%  solutions  of  potassium  iodide  in  water,  and  the  results  are 
shown  in  the  curves  (Fig.  i)  where  the  logarithms  of  the  conductivities 


Digitized  by 


Google 


CRYOSCOPIC  MBASintBMBNTS  AT  tOW  TBMPBRATURAS.         615 

are  plotted,  in  order  that  the  results  may  be  shown.  A  bath  of  ether  and 
carbon  dioxide  was  used,  and  with  an  automatic  device  it  was  possible 
to  maintain  the  temperature  within  0.3^  of  any  temperature  desired. 
These  frozen  solutions  are  poor  conductors  of  heat,  and  the  tempera- 
ture must  be  hdd  constant  for  at  least  thirty  minutes  before  measure- 
ments can  safely  be  made. 

Prom  the  actual  figures,  the  conduction  is  seen  to  increase  most  rapidly 
at  about  — 21  ^  and  as  this  is  the  cryohydric  temperature  for  a  solution 
ot  potassium  iodide  in  water,  it  seems  that  even  with  rapid  cooling  a  oer* 
tain  amount  of  segregation  takes  place. 

In  Fig.  2  the  relative  conductivities  of  N,  0.5  N  and  0.25  N  hydrochloric 
add  solutions  are  shown.  These  values  are  plotted  directly,  the  last  values 
being  multiplied  by  10.  The  conducting  power  increases  fairly  regularly 
with  the  temperature,  so  that  there  is  no  evidence  of  segregation.  This 
is  to  be  anticipated,  since  the  cryohydric  temperature  for  hydrochloric 
add  and  water  is  far  below  the  temperatures  employed.  The  conduc- 
tivities of  the  add  solutions  are  much  greater  than  those  of  salt  solutions 
of  the  same  strength. 

Until  the  experiments  described  here  were  undertaken,  we  were  unaware 
that  these  solutions  had  been  studied.  Professor  W.  D.  Bancroft  has 
kindly  given  us  a  number  of  references  to  articles  by  Weimam.  We  have 
been  tmable  to  constdt  the  originals  but  the  abstracts  in  the  CentralblaU 
do  not  seem  to  bear  directly  on  our  work. 
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CRYOSCOPIC  MEASUKEMSNTS  AT  LOW  TBMPBRATURBS. 

By  H.  S.  Rbid  and  D.  McIntosh. 
RecdTed  Sci»tember  11.  1915. 

It  has  been  shown  that  organic  substances  containing  oxygen,  when 
dissolved  in  liquefied  hydrobromic  add,  unite  with  the  solvent  forming 
definite  salts  melting  far  above  the  melting  point  of  dther  constituent.^ 
Ether,  for  example,  gives  the  compound  C4HioO.HBr  mdting  at  — 46®, 
while  ether  and  hydrobromic  add  mdt  at  — 120®  and  — ^86®,  respectivdy. 
To  explain  the  formation  of  these  salts  it  has  been  assumed  that  the  oxygen 
at  the  low  temperature  acts  as  a  tetravalent  dement,  3ridding  with  hy- 

drobromic  add  such  compounds  as  C4HioO\       or  C4H10O  «  BrH. 

^Br 
The  first  of  these  formulae  seems  the  more  probable;  for,  in  a  study  of 
the  transport  ntmibers,'  it  was  found  that  the  ether,  or  other  organic  body, 

^  Archibald  and  Mdntosh,  /.  Chem.  Soc„  85,  919  (1904)  \  Mcintosh,  Tms  Journal, 
339  71  (191 1);  Maass  and  Mcintosh,  Ibid.,  34,  1273  (1912). 

*  Steele,  Mcintosh  and  Archibald,  Phil,  Trans.,  (A)  305,  99  (1905). 
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under  an  electric  stress  moves  towards  the  cathode,  u  e,,  the  ether  formed 
part  of  the  positively  charged  ion. 

The  measurement  of  the  conductivities  of  these  solutions^  showed 
certain  anomalies  as  compared  with  water  solutions,  for  the  molecular 
conductivities  increased  with  concentration.  To  account  for  this,  a 
theory  of  complexes  in  solution  of  the  type  (C4H10O),  (HBr)y  was 
advanced,  so  that  in  these  solutions  we  may  have  very  complex  ions. 
It  was  proved  that  this  theory  of  complexes  plight  account  for  the  increase 
in  molecular  conductivity  with  concentration,  if  it  were  assimied  that  two 
or  more  molecules  of  the  solute  united  with  the  solvent  to  form  a  com- 
pound which  tmdergoes  ionic  dissociation. 

A  careful  study  of  the  freezing-point  curves  from  100%  hydrobromic 
acid  to  100%  substance  containing  oxygen,  showed  that  the  compotmds 
in  solution  were  largely  dissociated  into  their  constituents.  In  order  to 
explain,  if  possible,  these  anomalies,  and  to  throw  Ught  on  the  compounds 
in  solution,  we  have  made  a  number  of  determinations  of  the  molecular 
weights  of  several  oxygen  compounds  by  the  freezing-point  method, 
and  have  worked  to  somewhat  greater  concentrations  than  are  usual  in 
these  measurements. 

Previous  molecular-weight  determinations  were  made  by  Steele,  Mc- 
intosh and  Archibald^  by  the  boiling-point  method,  but  their  apparatus 
was  probably  defective.  The  most  recent  work  has  been  done  by  Beck- 
mann  and  Waentig,'  but  not  much  could  be  learned  of  the  molecular 
structm-e  of  the  compounds  formed,  on  accoimt  of  irregular  results  and  also 
because  they  worked  only  at  low  concentrations. 

Preparation*  and  Purification  of  Reagents. 

The  reagents  used  as  solutes  were  toluene,  chloroform  and  carbon 
tetrachloride,  which  behave,  as  we  shall  show,  normally  in  liquid  hydro- 
bromic add,  and  methyl  alcohol,  ethyl  alcohol,  ether,  acetone,  ethyl 
acetate,  acetic  add,  paraldehyde  and  acetaldehyde,  which  form  com- 
pounds with  Uquid  hydrogen  bromide.  Bromine  was  also  used  as  a  solute 
in  order  to  ascertain  its  solubility  in  the  solvent,  since  on  this  point  there 
is  conflicting  evidence. 

The  hydrogen  bromide  was  made  by  dropping  bromine  into  red  phos- 
phorus and  water,  passing  the  gas  through  water  containing  red  phos- 
phorus, then  through  phosphorus  pentoxide  and  condensing  it  by  solid 
carbon  dioxide  and  ether. 

The  methyl  and  ethyl  alcohol  were  ptuified  by  distillation,  drying  over 
caldum  oxide  and  redistilling,  drying  over  anhydrous  copper  sulfate  and 
again  distilling. 

1  Archibald,  Tms  Jouknal,  39,  665,  1415  (1907). 

^Loc.cU. 

*  Z.  anarg.  Ckem,,  67,  17  (19 10). 
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The  ether  was  distilled,  allowed  to  stand  over  sodium  and  redistilled. 

The  acetone  was  crystallized  from  sodium  bisulfate  solution;  a  solution 
of  sodium  carbonate  was  added,  the  acetone  distilled  off,  dried  over 
calcium  chloride  and  redistilled. 

The  ethyl  acetate  was  washed  with  a  solution  of  sodium  chloride  and 
sodium  carbonate,  separated,  distilled,  dried  over  caldtun  chloride  and 
redistilled. 

The  acetic  acid  was  obtained  by  repeated  freezing  of  glacial  acetic  in 
the  ordinary  way. 

The  pure  paraldehyde  was  distilled  and  converted  into  the  acetaldehyde 
by  adding  a  drop  of  concentrated  sulfuric  add  and  distilling. 

The  toluene  had  been  previously  purified  and  had  stood  over  sodium 
for  several  years,  , 

The  chloroform  was  distilled,  washed  with  water  and  dried  over  con- 
centrated sulfuric  add. 

The  carbon  tetrachloride  was  washed  with  a  caustic  soda  solution, 
distilled,  dried  over  caldum  dilo-  •   '. 

ride  and  redistilled. 

The  bromine  was  dried  by  distill- 
ing from  barium  oxide  in  a  glass  i 
apparatus.                                        '^                                                          •• 
Apparatus. 

The  apparatus  used  was  much 
the  same  as  that  employed  by 
Beckmann    and    Waentig.      The 

thermometer  was  a  platinum  re-  MMacK 

sistance  one  made  by  Heraeus  in 
which  the  platinum  was  embedded 
in  the  quartz,  thus  enabling  the 
thermometer  to  take  up  the  tem- 
perature of  the  solution  very 
quickly.  The  main  difference  be- 
tween otu:  apparatus  and  that  used 
by  Beckmann  and  Waentig  was  in 
the  position  of  the  electromagnet. 
They  attached  their  magnet  di- 
rectly to  the  inner  glass  tube,  but 
we  placed  ours  above  the  tube,  so 
that  the  thermometer  wires  were 
not  cut  by  the  magnetic  lines,  and 
thus  disturbances  in  the  galvanom- 
eter were  avoided. 

Fig.  I  shows  a  cross  section  of  Fig   1. 
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the  large  Dewar  flask  A  used.  B  is  a  glass  tube  immersed  in  the  carbon 
dioxide  and  ether.  C  is  the  freezing-point  tube  containing  the  platinum 
resistance  thermometer  D,  and  platintun  stirrer  E.  P  is  the  side  tube 
through  which  the  solute  was  introduced.  G  is  a  glass  tube  reaching  into 
A,  carrying  the  stirrer  and  electromagnet  H.  J  is  the  iron  ring  which  is 
attracted  by  the  magnet  and  so  lifts  and  lowers  the  stirrer.  The  pres- 
sure used  corresponded  to  a  temperature  of  from  — 90**  to  — 92  **. 

The  electrical  measuring  apparatus  was  of  the  Carey-Poster  type  and 
consisted  of  two  3000  ohm  resistances  connected  in  series  with  a  bridge 
wire,  and  two  balancing  resistances  boxes.  A  Broka  galvanometer  was 
used,  and  at  the  freezing  point  of  hydrobromic  add  one  tom.  on  the  bridge 
wire  corresponded  to  0.00158^  All  the  resistances  were  calibrated  be- 
fore and  after  the  ^periments. 

Procedure. 

In  order  to  find  the  value  of  K,  the  constant  for  hydrogen  bromide, 
¥re  used  as  solutes  toluene,  chloroform  and  carbon  tetrachlmde,  which 
sdiowed  no  evidence  of  forming  compounds.  They  behaved  nonnaUy 
when  dissolved,  showing  no  apparent  tendency  to  association  or  dissocia- 
tion. The  second  series  for  toluene  and  chlorofcnm  was  made  after  all 
the  experiments  had  been  completed,  in  order  to  make  sure  that  none 
of  the  resistances  had  altered  in  any  way.  The  results  obtained  are  shown 
in  Tables  I  and  II. 

Tablh  II. — Chi«okoi^rm.  M.  W.  "■1x9.5- 
O  —  67.9  grams. 


ABLB    I 

.— TOLUBNB.      M. 

G  -  96.6  grams. 

W.-92.8 

g- 

A. 

K. 

K'. 

0.218 

0.248 

lOI.O 

lOI.O 

0.385 

0.441 

IOI.8 

102.8 

0.594 

0.687 

102.9 

104.9 

0.752 

0.878 

103.9 

107.4 

0.930 

1.077 

103.0 

97  0 

G  -  77.4  grams. 

0.392 

0.424 

103.5 

103.5 

0.526 

0.745 

100.8 

97.6 

0.675 

0.964 

101.7 

104.5 

0.779 

1. 114 

101.9 

104.6 

0.866 

1.244 

102.3 

106.3 

Mean  K 

■■    102. 

3. 

G  »  weight  in  grams  of  the  solvent. 

g  »  total  weight  in  grams  of  the  solute. 

A  ■>  total  lowering  in  degrees  produced  by 
grams  of  the  solute. 

K  «  the  constant  X  lo"*  found  from  lower- 
ing of  A  degrees  by  g  grams  of  the  solute. 

K'  «  constant  the  X  10-*  fotmd  from 
the  individual  measurements. 


s- 

A. 

K. 

K'. 

0.218 

0.284 

IOS.8 

105.8 

0.421 

0.541 

104.2 

102.5 

0.565 

0.723 

103.8 

102.6 

0.755 

0.975 

104.8 

107.6 

0.955 

1.239 

105.2 

107.2 

G  -»  80.7  grams. 

0.200 

0.219 

105.5 

105.5 

0.412 

0.433 

101.3 

97.6 

0.622 

0.669 

103.8 

108.6 

0.797 

0.860 

104.1 

105.2 

0.S9I 

0.967 

104.7 

109.3 

Carbon  Tctradiloride,  M.  W.  1540. 

G  —  59.5  grams. 

o.35« 

0.389 

101.7 

IOI.7 

0.577 

0.633 

101.9 

102. 1 

0.770 

0.847 

101.9 

IOI.7 

0.940 

I  039 

102. 1 

103.5 

1. 109 

1.234 

102.8 

105.9 

MeanK 

-  103.9 
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Prom  these  results  the  mean  value  of  K  is  seen  to  be  103.  i.  This  value 
was  used  throughout  the  remainder  of  the  work  to  calculate  the  molecular 
weights  of  the  solutes  employed. 

The  latent  heat  of  fusion,  W,  of  hydrogen  bromide  can  be  calculated, 
knowing  K,  from  the  formula 

K  =  o.o2T*/W  and  is  equal  to  6.79  cal.  per  g. 

Table  III  shows  the  results  obtained  using  ethyl  alcohol  as  the  solute. 
Care  had  to  be  exercised  in  introducing  the  alcohol  because  of  the  large 
heat  of  combination,  which  caused  the  alcohol  to  be  sprayed  on  the  walls 
of  the  tube  tmless  added  very  slowly.  The  alcohols  appeared  to  be  most 
reactive,  but  the  other  solutes  forming  compounds  with  the  solvent  also 
had  to  be  added  slowly. 


« III.- 

K  =«  103.1. 

Tabu«   IV. 

— M«THYi.  Alcohol.    K 

M.  W. 

-=  46. 

103. 1.     M. 

W.  -32 

. 

G  =  71.0  grams. 

G  =  60 

B- 

A. 

M. 

M'. 

%■ 

A. 

M. 

M'. 

0.107 

0.140 

III.O 

III.O 

0.200 

0.309 

110.5 

110.5 

0.238 

0.287 

117.7 

129.9 

0.406 

0.601 

115-2 

118. 4 

0.589 

0.723 

1 18. 2 

116. 8 

0.642 

0.978 

112. 2 

107.0 

0.964 

1.265 

II0.6 

100.6 

0.812 

1. 313 

105.4 

86.7 

1. 164 

1.546 

109.3 

103.5 

1.054 

1.664 

108.  X 

118.0 

1.436 

1.929 

108.0 

103.2 

1.305 

1.988 

112.2 

132. 1 

1.674 

2.334 

104.3 

84.5 

1.565 

2.335 

114.3 

127.5 

1.8x6 

2.592 

102.0 

80.0 

1.764 

2.486 

121.3 

225.1 

G  »  86.6  grams. 

2.023 

2.651 

130.4 

265.4 

0.167 

0.196 

IOI.3 

101.3 

2.486 

3.515 

120.3 

90.6 

0.346 

0.384 

107.0 

113.7 

G  =  68 

0  grams. 

0.540 

0.588 

109.3 

113. 1 

0.197 

0.278 

107.7 

107.7 

0.837 

0.918 

108.0 

107.0  ' 

0.335 

'  0.471 

108.1 

108.5 

1.029 

1 .100 

III. 2 

125-7 

0.464 

0,651 

108.1 

108.8 

I  243 

•1 .  302 

113. 7 

126. 1 

0.670 

0.936 

108.5 

109.7 

1.585 

1.678 

112. 5 

108.2 

0.828 

1.121 

112.2 

129.2 

1-914 

2.148 

106.0 

83.5 

1.045 

1.435 

110.5 

104.7 

2.097 

2.341 

106.5 

112. 9 

1.251 

1.719 

no. 5 

no.  I 

2.401 

2.794 

102.3 

79-9 

1.437 

1.929 

113.0 

134-5 

2.658 

3.144 

100.4 

87.6 

1.661 

2.223 

113.5 

115-2 

2.975 

3.597 

98.5 

83.3 

1.816 

2.407 

114-3 

127.5 

2.025 

2.618 

117.0 

148.6 

2.199 

2.873 

"5-7 

102.7 

2.452 

3.320 

III. 8 

85-2 

2.597 

3.525 

III. 4 

106.5 

In  dilute  solutions  the  alcohol  is  pol3rmerized  2.3  to  2.4  times.  The 
amount  of  association  increases  very  slightly  until  a  concentration  of  1.4 
to  1.8  per  cent,  is  reached  where  the  amount  of  the  association  is  2.5. 
At  further  concentration  the  molecular  weight  decreases  quite  rapidly. 
This  seems  to  show  that  at  this  concentration  the  amount  of  dissodation 
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ft 

becomes  very  much  greater  and  doubtless  continues  to  increase,  because 
the  association  would  increase  with  greater  concentration,  and  the  amount 
of  dissociation  must  be  greater  than  the  association  in  order  to  give  a 
lower  molecular  weight.  This  view  is  also  supported  by  the  fact  that 
the  molecular  conductivity  of  alcohol  in  hydrogen  bromide  increases  with 
concentration.  Table  XI  shows  the  variation  in  the  molecular  weight 
and  molecular  conduction^  with  concentration.  It  will  be  seen  that  the 
concentration  where  the  molecular  weight  begins  to  decrease,  corresponds 
fairly  well  with  the  concentration  where  the  first  marked  bend  occurs  in 
the  conductivity  curve,  i.  e.,  where  the  dissociation  first  becomes 
marked. 

Table  IV  shows  the  results  obtained  with  methyl  alcohol.  The  associa- 
tion is  here  seen  to  be  greater  than  in  the  case  of  ethyl  alcohol.  Taking 
the  results  in  the  second  part  of  the  table,  it  is  seen  that  in  dilute  solutions 
the  amount  of  association  is  3.4.  The  increased  association  is  very  small 
indeed,  but  it  seems  to  reach  a  maximtun  at  a  concentration  of  3.0%, 
where  the  amotmt  of  association  is  3.6.  With  increased  concentration 
the  association  seems  to  decrease  a  little. 

As  in  the  case  of  ethyl  alcohol,  the  amount  of  dissociation  must  be  quite 
marked  after  a  concentration  of  1.0%  has  been  reached,  as  is  shown  by 
the  conductivity  curve.  Therefore  the  association  must  be  much  more 
marked  than  in  the  case  of  the  ethyl  alcohol.  The  compounds  formed 
with  alcohol  were  found  by  Maass  and  Mcintosh*  to  be  CHJEIO.HBr 
and  CHjO.HBr. 

The  results  obtained  with  ethyl  acetate  are  shown  in  Table  V. 

In  very  dilute  solutions  there  appears  to  be  a  certain  amount  of  dissocia- 
tion, but  very  little.  With  increasing  concentration  the  association 
steadily  increases  until  the  percentage  of  the  acetate  is  about  3.0  when 
the  amount  of  association  is  1.6.  On  addition  of  more  of  the  solute  the 
value  of  the  molecular  weight  decreases,  showing  that  the  amount  of 
dissociation  has  increased. 

No  measurements  of  molecular  conductivity  are  available,  but  it  is 
more  than  probable  that  the  same  explanation  would  apply  here  as  in 
the  case  of  the  alcohols.  The  compounds  formed  were  found  to  be  CHr 
COOQH5HBr,  (CH3COOCH6),(HBr)s  and  CHaCOOCH^CHBr)*.* 

Table  VI  shows  the  values  obtained  for  the  molecular  weight  of  ether. 

In  dilute  solutions  the  ether  seems  to  be  associated  1.2  times.  The 
molecular  weight  is  constant  until  a  concentration  of  1.5%  has  been 
reached  where  the  amount  of  association  increases  slightly,  and  then 
gradually  decreases  with  increasing  concentration  indicating  increased 
dissociation. 

1  Archibald,  Loc,  cU, 
*  Loc.cU. 
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Tabui  V.^Etbyi,  AcSTATB.    K  -  103.1.     Tablb  VI.^Btbyl  Bthsr.    K  «  103.1. 


0.I03 

0.321 

0.483 
0.661 

1.035 
1.353 
1.683 
2.051 
2.401 
2.605 


M.  W.  -  88. 

G  B  78.4  grains. 

A. 


0.167 
o.4»3 
0.683 
0.842 
1. 105 
1.305 
1.494 
1.855 
2.202 

2.457 
G 


0.176 

0.334 

0.569 

0.845 

013 

217 

475 

845 

.192 

.619 

2.930 

3.030 


0.317 
0.520 
0.804 
1. 131 
1.302 
1.400 
1.629 
2.023 
2.389 
2.939 
3.451 
3.656 


M. 

80.6 

87.4 
93.0 
"33 
123.3 
136.5 
148.3 
145.5 
143.3 
139.5 
68.2  grams. 

83  9 

97.0 

106.8 

1x2.8 

"74 
131. 2 
136.7 
137.8 
138.5 
134.2 
128.0 
122.0 


M'. 

80.6 
91.0 
106.6 
147.6 
187. 1 
209.1 
230.3 
134.3 
132.5 
107.5 

83.9 
117. 6 
125.0 
127.5 
148.6 
312.0 
170.7 
142.0 
143.2 
115. 8 
91. 1 
73.2 


M.  W. 

-  74. 

G  -  75.4  grams. 

s. 

A. 

M. 

M'. 

0.177 

0.278 

87.2 

87.2 

0.340 

0.522 

89.1 

91.2 

0.501 

0.785 

87.3 

83.7 

0.712 

1. 123 

86.5 

84.6 

0.832 

1. 301 

87.3 

92.4 

1. 157 

1.712 

92.3 

117. 6 

1. 361 

1.872 

99  4 

189.5 

1.624 

2.303 

96.4 

90.7 

1.797 

2.546 

96.5 

105.8 

2.136 

3.092 

94.3 

91.5 

2.376 

3.556 

91.1 

76.3 

2.481 

3.891 

89.3 

65.7 

G  »  59.5  grams. 

0.304 

0.612 

86.1 

86.1 

0.480 

0.962 

86.6 

87.2 

0.609 

1.203 

87.8 

92.8 

0.755 

1.372 

85.5 

150.0 

0.936 

1. 611 

100.8 

131  4 

1. 125 

2.009 

97.1 

82.2 

1.226 

2.223 

95.6 

81.0 

1.542 

2.789 

95.6 

95.7 

1.759 

3.203 

94.9 

90.1 

1.909 

3.525 

93.5 

79  9 

2.286 

4.241 

93.0 

90.4 

No  conductivity  measurements  are  available  here.  Ether  forms  the 
compounds  (CtH»)sO.HBr  and  (CtH»)20.(HBr)t. 

Acetone  in  solution  gives  the  values  for  the  molecular  weight  shown  in 
Table  VII. 

The  association  in  dilute  solutions  is  quite  marked,  and  is  equal  to  1.5, 
increasing  quite  rapidly  until  a  concentration  of  2.2%  has  been  reached, 
where  the  amount  of  association  is  3.  With  increasing  concentration  the 
molecular  weight  gets  steadily  less,  showing  that  the  dissociation  is  greatly 
increased.    The  only  compound  fonned  was  found  to  be  CtHeO.HBr. 

Table  VIII  gives  the  results  obtained  with  acetic  add. 

In  this  case  it  was  difficult  to  obtain  concordant  results  on  account 
of  the  high  freezing  point  of  the  add,  which  caused  the  drop  coming  in 
contact  with  the  thermometer  or  stirrer  to  solidify  immediatdy.  The 
hydrogen  bromide  was  rotated  as  far  as  possible  up  the  sides  of  the  tube  to 
dissolve  any  adhering  partides. 

The  assodation  here  is  very  marked  and  in  dilute  solutions  is  almost 
equal  to  2.  The  association  increases  rapidly  with  concentration,  having 
a  value  of  nearly  5  at  a  concentration  of  3%.  Until  this  concentration 
is  attained  there  seems  to  be  no  tendency  for  the  dissodation  to  exceed 
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g. 

A. 

M. 

M'. 

0.286 

0.321 

126.4 

126.4 

0.659 

0.484 

192.9 

324.1 

1.230 

0.643 

270.6 

511. 5 

1.825 

0.828 

3". 4 

453.2 

G  =  70. 

0  grains. 

0.222 

0.314 

104.2 

104.2 

0.455 

0.597 

"45 

126. 1 

0.745 

0.734 

154.4 

337.8 

1. 137 

0.851 

199.7 

456.9 

1.477 

0.940 

234.2 

563.0 

1.862 

1.050 

264.2 

516.2 

2.152 

1. 146 

280.0 

446.0 
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the  association.    Acetic  acid  forms  a  compound^  with  hydrobromic  add, 
but  the  ratio  of  the  two  acids  has  not  been  obtained  with  certainty. 

Tablb    VII. — Acetone.    K  =     103. i.     Table  VIII. — ^Acetic  Acm.    K  =  103.1. 
M.  W.  =  58.  M.  W.  =  60. 

G  =  71.6  grams.  G  =  72.3  grains, 

g.  A.  M.  M'. 

0.172      0.340        72.9  72.9 

0.362      0.540        96.7  137. 1 

0.570      0.683      120.2  208.8 

0.944      0.937      145.2  212.2 

I. 127       1.056      153.9  221.7 

1.497       1.230      175.5  306.0 

I. 891       I. 551       175.5  176.7 

2.208       1.908      166.8  127.7 

.  G  a  63.x  grams. 

0.190  0.301  100.3  100.3 

0.466  0.580  131.4  167.3 

0.844  0.853  161. 9  226.3 

I. 182  X.079  178.2  244.2 

1.383  I..  246  181. 4  197. 3 

X.681  1.565  175.5  153. I 

1.958  1.886  170.0  141. o 

2.186  2.259  158.4    '  99.9 

2.374  2.598  149.2  90.7 

2.760  3.377  133.3  80.3 

The  molecular  weights  of  paraldehyde  and  acetaldehyde  are  shown  in 
Table  IX. 

The  paraldehyde  compound  even  in  dilute  solutions  seems  to  be  dissoci- 
ated to  a  considerable  extent  and  the  dissociation  increases  with  con- 
centration. There  seems  to  be  no  tendency  to  association,  which  is  to  be 
expected  as  the  paraldehyde  is  already  associated. 

The  results  with  acetaldehyde  are  interesting  since  the  molecular  weights 
found  agree  well  enough  with  those  obtained  for  the  paraldehyde  to  show 
that  the  acetaldehyde  is  at  once  polymerized  to  parsJdehyde  by  the 
hydrogen  bromide. 

Table  X  shows  the  results  obtained  with  bromine  as  the  solute. 

They  prove  that  bromine  is  soluble  in  liquid  hydrobromic  acid,  and 
that  the  bromine  behaves  normally,  showing  no  tendency  to  association 
or  dissociation.  It  seems  to  be  a  simple  case  of  solution,  the  bromine 
existing  as  Bt%  and  probably  not  uniting  with  the  solvent.* 

Maass  and  Mcintosh'  foimd  bromine  to  be  insoluble  in  liquid  hydrogen 
bromide,  probably  on  account  of  the  frozen  bromine  taking  a  measurable 
time  to  dissolve.     Beckmann  and  Waentig'  also  found  bromine  only 
*  This  Journai,,  30,  1103  (1908). 
>  Compare  chlorine  and  hydrodiloric  add,  Loc.  cU, 
■  Loc.  cit. 
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EC  >■  103. 1. 

. 

M.W. 

-  132. 

Table  X.-— Brominu.    K 

-   103. 

G  -  83.5  grams. 

M.  W.  -  160. 

t- 

A. 

M. 

M'. 

G  "  66.9  grams. 

0.174 

0.209 

103.0 

103.0 

t- 

A.                M. 

w. 

0.350 

0.415 

104.2 

105.3 

0.217 

0.225        148.5 

148.5 

0.599 

0.769 

95.8 

86.1 

0.347 

0.360       148.0 

147-7 

0.737 

0.983 

92.3 

79.6 

0.493 

0.504        150.3 

155.6 

1.083 

1.451 

91.9 

91.5 

0.814 

0.777       i6i.o 

i8x.o 

1.462 

2. 141 

84.2 

67.8 

1. 123 

X.023       X68.7 

193.0 

1. 916 

2.967 

79.6 

67.9 

G  «  68.0  grams. 

G  -  7«. 

2  gfuns. 

0.195 

0.X85      X59.5 

159. 5 

0.174 

0.266 

88.4 

88.4 

0.397 

0.374      161. 0 

162.4 

0.524 

0.790 

89.7 

90.5 

0.628 

0.576      165.3 

173.4 

0.783 

1.203 

88.0 

84.6 

0.807 

0.754      162.4 

152.9 

1.133 

1. 719 

89.0 

92.0 

1. 501 

2.402 

84.6 

73.0 

1.850 

3.092 

81.0 

68.4 

2. 118 

3  587 

79.9 

73.3 

Ac«TAU>SBm>8. 

M.  W. 

-  44. 

G  -  73.3  grams. 

0.173 

0.250 

97.3 

97.3 

0.382 

0.566 

94.8 

92.9 

0.568 

0.866 

92.5 

87.4 

0.854 

1.339 

89.8 

85.2 

1. 130 

1.800 

88.3 

84.3 

1.584 

2.489 

89.6 

92.7 

X.892 

3.013 

88.3 

82.x 

vtry  slightly  soluble  in  liquid  hydrobromic  add,  and  to  give  it  a  Hght 
brown  color.  On  the  other  hand  two  Dutch  investigators,  whose  paper 
we  have  unfortunately  misplaced,  have  plotted  the  freezing-point  curve, 
bromine — ^hydrogen  bromide,  and  have  found  the  bromine  readily  soluble 
in  the  liquefied  add.  We  found  it  quite  sohibk  and  also  that  the  color 
ol  the  sdution  dianged  from  light  brown  to  deep  red  with  increasing 

ooncentration.  _ 

Tabls  XI. 


CtHtOH 


CHiOH 


DihEtiOB. 

AaM>- 

ciatioo. 

Mol.  condue- 
tiwHy  X  10«. 

DttlrtlM. 

Ajso- 
ctetUm. 

Mol.  condito 
tlvity  X  10«. 

5.00 

2.35 

0.502 

CtsyD 

5.00 

a.26 

0.34 

3.33 

2.35 

0.605 

3.33 

2.50 

0.77 

2.00 

2.47 

X.002 

2.00 

3.07 

X.40 

1.66 

2.44 

X.3XO 

X.66 

3.13 

2.32 

1.25 

2.30 

2.464 

1.35 

3.03 

3.24 

1. 00 

•    2.22 

4  650 

1.07 

2.90 

4  30 

5.00 

3.38 

0.685 

CHiCOOH 

5.00 

2.00 

18.4 

3.33 

3.38 

0.820 

3.33 

2.50 

44.8 

2.00 

3.39 

1.660 

2.00 

3.30 

X23.0 

1.66 

3.50 

2.385 

x.66 

4.00 

X71.0 

1.25 

3.45 

4.710 

1.25 

5.00 

252.0 

x.oo 

3.53 

9.250 
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Summary. 

We  have  learned  something  of  the  molecular  complexity  of  the  sub- 
stances used  when  dissolved  in  liquid  hydrogen  bromide.  With  the 
exception  of  paraldehyde,  which  is  already  associated,  all  the  substances 
forming  compotmds  with  the  solvent  were  found  to  be  both  associated 
and  dissociated,  the  amount  of  association  var3dng  very  much  according 
to  the  substances  used.  Up  to  the  present,  no  method  has  been  devised 
for  measiuing  the  amount  of  dissociation  of  these  substances  in  solution, 
so  that  the  true  amount  of  association  cannot  be  found.  In  dilute  solu- 
tions, however,  the  amount  of  association  as  found  will  be  very  nearly 
correct  because  of  the  low  value  of  the  molecular  conductivity  in  these 
solutions. 

The  relationship  between  the  amount  of  association  and  the  molecular 
conductivity  seems  to  agree  with  the  theory  enunciated.  Figures  for 
the  molecular  conductivities  of  ethyl  and  methyl  alcohol,^  acetic  acid,* 
and  acetone'  in  liquid  hydrogen  bromide  alone  are  available,  and,  as 
shown  by  Table  XI,  the  solutes  showing  the  greatest  amount  of  associa- 
tion in  solution  have  the  greatest  molecular  conductivity.  Acetic  add 
has  an  abnormally  high  conductivity.  This  may  be  due  to  the  presence 
of  hydrogen  ions  as  well  as  the  complex  ions.  Except  in  dilute  solutions 
it  a^  shows  the  greatest  tendency  to  association. 

A  comparison  of  the  properties  of  ether,  alcohol,  etc.,  dissolved  in  liquid 
chlorine  with  the  same  compounds  in  hydrobromic  add  can  now  be  made. 
Oxonium  compounds  are  formed  in  both  cases,  and  a  study  of  the  slopes 
of  the  freezing  curves  in  systems  such  as  hydrobromic  add — ether  aad 
chlorine — ether  shows  that  in  solution  these  compounds  are  largely  broken 
down  into  their  constituents.  Solutions  in  chlorine,  however,  are  non- 
conductors, u  e.,  exhibit  no  dectrolytic  dissodation.  The  determination 
of  molecular  wdghts  in  this  solvent  made  recently  by  P.  Waentig  and  one 
of  us^  show  normal  results  for  ether  over  a  considerable  concentration, 
.while  methyl  and  ethyl  alcohol  are  greatly  polymerized.  We  have,  then, 
complex  systems  where  the  compounds  are  partially  broken  down  into 
their  constituents  further  complicated  by  association  and  in  some  cases, 
electrolytic  dissodation.  It  seems  impossible  at  present  to  assign  these 
three  factors  thdr  proper  proportion,  and  to  give  formulae  to  the  oxonium 
compounds. 

The  increase  in  complexity  in  solution  shown  by  the  increasing  values 
of  the  molecular  wdghts  and  the  rapid  increase  in  molecular  con- 
ductivity, points  to  the  correctness  of  the  view  previously  expressed, 

^  This  Journal,  19,  665  (1907)* 

«/Wtf.,  29, 1415  (1907). 

*Loc.cit. 

*  Trans,  Roy.  Soc.,  Canada,  X9X5. 
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that  the  ions  are  much  more  complex  than  wotdd  be  expected  from  the 
oxonium  theory. 

UVXYSKSITT  OF   BSXTUK  COLUMBtA, 

Vancouvkk,  Canada. 


[CONTIUBUTION  VROM  THB  BlOCHBMIC  DIVISION,  BURSAU    OP  AnHCAL    InIHJSTRY,  U. 

S.  Departmbnt  of  Agricui^turs.  1 

THE  DECOMPOSITION  OF  TETRATHIONATES  IN  ALKALINE 

SOLUTION  AS  A  SOURCE  OF  ERROR  IN  CERTAIN 

IODINE  TITRATIONS.^ 

By  Robbkt  M.  Chap». 
Received  January  17.  1916. 

It  has  long  been  known  that  tetrathionates  are  not  stable.  Particularly 
has  Gutmann^  shown  that  sodium  tetrathionate  rapidly  reacts  with 
moderately  concentrated  hot  caustic  soda  to  form  soditmi  thiosulfate 
and  sodium  sulfite.  But  that  the  reaction  might  progress  with  significant 
rapidity  in  cold  and  dilute  solutions  seems  to  have  remained  unsuspected; 
at  any  rate,  no  allowance  is  made  for  such  a  possibihty  in  certain  methods 
of  quantitative  analysis.  For  example,  it  is  a  very  common  procedure 
to  determine  arsenic  in  a  variety  of  materials  by  some  modification  of  the 
process  described  by  WilUamson.*  Iodine  resulting  from  the  use  of 
hydriodic  acid  as  a  reducing  agent  is  removed  by  sodium  thiosulfate, 
following  which  the  solution  is  in  practice  frequently  rendered  decidedly 
alkaline  before  being  brought  to  the  proper  condition  for  titration. 

Some  time  ago,  following  the  ofiScial  directions  of  the  Assoc.  Offic.  Agr. 
Chemists*  for  the  estimation  of  "total  arsenious  oxide"  in  insecticides 
and  ftmgicides,  the  writer  became  impressed  with  the  fact  that  the  method, 
as  laid  down,  did  not  afford  the  imiformly  accurate  results  promised  by 
the  theory  di  the  process.  He  found  that  substitution  of  sodium  sulfite 
for  thiostdfate  as  a  discharging  agent  for  iodine  produced  a  distinct  im- 
provement in  results  and  acted  accordingly  in  work*  in  which  accuracy 
was  particularly  necessary.  Later,  incidental  to  other  work,*  he  showed 
that  tetrathionates  are  in  fact  rather  rapidly  affected  by  exposure  at  room 
temperattu-e  to  comparatively  low  concentrations  of  hydroxyl  ions. 
The  purpose  of  the  present  paper  is  to  extend  these  observations  sufificiently 
to  form  a  guide  to  correct  procedure  in  iodometric  methods,  etc.,  involving 
the  conditions  outUned. 
Tetrathionate  solution  (0.0519  N)  was  prepared /by  titrating  iodine 

'  Published  by  permission  of  the  Secretary  of  Agriculture. 

«  Ber„  40,  3614  (1907). 

■  Sutton,  "Volumetric  Analysis,"  loth  Edition,  p.  156. 

^  B«r.  of  Chemistry,  BtiU,  107  (Revised),  Reprint  January  x8,  19x2,  p.  25. 

*  /.  Ind,  Eng.  Ckem.,  6,  1002  (1914)* 

•/Wd.,  8,151  (1916). 
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solution  (0.1022  N)  with  sodium  thiosulfate  solution  (0.1054  ^t  without 
starch.  Portions  of  20  cc.  of  tetrathionate  solution  were  measured  into 
flasks,  diluted,  and  mixed  with  measured  amounts  of  solutions  of  alkalies 
or  alkaline  salts,  the  final  volume  in  each  case  being  100  cc.  The  tempera- 
ture of  the  laboratory  and  solutions  was  somewhat  over  30^.  The  mixture 
in  each  flask  was  left  standing  15  minutes,  after  which  it  was  acidified 
with  dilute  hydrochloric  add  and  methyl  orange,  then  titrated  with 
standard  iodine  and  starch. 

Cc  0.1022  N  Cc  0.1022  N 

Character  of  medium.  iodine.  Character  of  medium.  iodine. 

Blank 1  drop  NH4OH,  o.i  i^ 0.95 

NaOH,  0.1  ^ 9.21  NaHCOt*  0,$  N 2  drops 

NaOH,  coijY 3.98  NaHCOt.o.ii^ i  drop 

Na«COi,  0.1  ^ 5.20  NaHCOi,  0.5  ^/frfuB^  CO^..  x  drop 

NatCOa»  o.  01^ 0.50 

It  is  dear  that  tetrathionates  are  notably  sensitive  to  even  low  con- 
centrations of  hydroxyl  ions,  though  only  slightly  affected  by  sodium 
bicarbonate,  and  still  less  by  sodium  bicarbonate  in  presence  of  carbonic 
add.  It  therefore  follows  that  add  solutions  containing  tetrathionates* 
if  to  be  later  titrated  with  iodine,  or  subjected  to  any  treatment  involving 
assumption  that  the  tetrathionate  present  has  remained  unaffected* 
should  never  be  neutralized  by  any  substance  of  distinctly  alkaline  proper^ 
ties.  Significant  errors  may  not  necessarily  result,  but  a  sotu-ce  exists 
which  can  produce  grave  errors  through  incautious  manipulation.  Sodium 
bicarbonate  within  reasonable  limits  of  excess  is  appropriate,  provided 
the  solution  be  not  left  at  an  devated  temperature  a  considerable  length 
of  time.  As  a  discharging  agent  for  iodine,  under  such  conditions  as 
prevail  in  the  determination  of  arsenic,  it  seems  safer  to  abandon  the  use 
of  thiosulfate  altogether,  and  to  substitute  therefor  a  dilute  solution  of 
sodium  sulfite — about  0.5%  of  the  anhydrous  salt. 

WAMmroTON,  D.  C. 


[Contribution  from  ibb  Laboratory  op  Phyucal  Chkmistrt  09  ths  UmvSRaiTT 

OF  Minnbsota.] 

NONIDEAL  SOLUTIONS.    THE  ACTIVITT  OF  A  DIFFICULTLT 
SOLUBLE  COMPONENT. 

By  B.  K.  Sttkachan. 
Received  Mwdi  29,  1915. 

I.  Introduction. 

The  study  of  the  colligative  properties  of  solutions  has  been  greatly 
faciUtated  by  use  of  the  concept  of  the  ideal  solution.*    This  concept 

^  (so  cc,N  NaHCOt  saturated  with  COt  before  added  to  diluted  tetxatliioiiate.) 
>  E.  W.  Washburn,  This  Journal,  33,  660  (1910);  G.  N.  Lewis,  Z.  physik.  Ckem., 
61,  129  (x  907). 
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has  rendered  uxmeoessary  the  restriction  that  the  solution  be  dilute,  a  limita- 
tion which  was  necessarily  imposed  on  all  discussions  in  this  field  as  long  as 
the  van't  Hofif  gas  law  h3^pothesis  of  osmotic  pressure  was  the  only  one 
employed.  By  use  of  the  ideal  solution  law  it  is  possible  to  express  ac- 
curately the  colhgative  properties  of  an  ideal  solution  in  terms  of  the 
concentrations  of  its  components.  However,  the  ideal'  solution  law 
yields  quantitative  results  only  when  applied  to  ideal  sofutions.  This 
very  greatly  limits  its  usefulness  in  dealing  with  the  majority  of  solutions 
employed  in  scientific  and  technical  work.  There  is,  therefore,  need  of 
a  systematic  study  of  nonideal  solutions  to  the  end  that  quantitative  re- 
lations between  their  colhgative  properties  and  composition  may  be  dis- 
covered. 

At  the  outset  it  is  importmit  to  note  that  deviations  from  the  ideal 
solution  law  can  be  attributed  to  either  or  both  of  two  causes:  first,  the 
number  of  molecular  species  in  the  solution  is  different  from  the  number 
of  components,  that  is,  association,  dissociation,  or  a  combination  of 
solvent  and  solute  has  taken  place;  and  second,  the  thermodynamic 
nature  of  the  solution  is  different  from  that  of  the  components.  Consid- 
eration of  the  first  factor  is  aside  from  the  purpose  of  this  artide,  since 
if  the  number  of  molecular  species  and  amount  of  each  in  the  solution 
were  known,  the  ideal  solution  law  could  be  applied,  provided  the  last- 
named  cause  of  deviation  played  no  part.  The  second  factor  is  fre- 
quently called  ''change  in  the  nature  erf  the  medium"  or  "change  in  the 
thermodynaniic  environment."  Solutions  exhibiting  effects  of  this  lat- 
ter sort  only,  form  the  subject  of  this  paper,  and  may  be  termed  truly 
nonideal. 

The  simplest  of  such  nonideal  solutions  seems  to  be  one  consisting  of  a 
solid  of  only  moderate  solubihty  dissolved  in  a  normal  liquid  forming  a 
mixture  in  which  the  number  of  molecular  species  is  equal  to  the  nimiber 
of  components.  Obviously  such  a  solution  is  not  an  ideal  one  as  its  com- 
ponents are  only  partially  miscible.  Were  it  ideal,  however,  Henry's 
law  would  apply  to  it,  and  the  desired  relation  of  partial  pressiue  to  con- 
centration would  be 

p  =  (N/N,)  Po.  (i) 

in  which  p  is  the  partial  pressure  of  the  solute  when  its  mol  fraction  in 
the  liquid  is  N,  po  is  the  vapor  pressure  of  the  pure  solute,  and  N,  its 
mol  fraction  in  a  saturated  solution.  Probably  a  somewhat  similar 
law  governs  the  behavior  of  nonideal  solutions. 

No  direct  measurements  of  the  partial  pressures  of  a  system  of  the  sort 
described  above  exist  in  the  Uterature.  However,  it  is  possible  to  obtain 
the  necessary  data  by  a  process  of  calcidation  in  the  case  of  certain  solu- 
tions. Those  of  iodine  in  carbon  tetrachloride,  carbon  disulfide,  and  bro- 
mof  orm  are  particularly  suited  to  this  purpose,  as  they  show  no  assoda- 
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tioii»    dissociation,    or   solvation^   and   so   may  be  regarded   as   truly 
nonideal. 

n.  Data  and  Calculations. 

These  calculations  are  based  on  the  fact  that  the  coefficient  of  distri- 
bution of  a  substance  between  two  solvents  is  the  ratio  of  its  concentra- 
tion in  each  when  its  particd  pressure  is  the  same  from  both.  As  the  ratio 
of  distribution  of  iodine  between  water  and  each  of  the  above  solvents 
has  been  determined,  it  is  necessary  to  know  only  the  rate  of  change  of 
the  vapor  pressure  with  the  concentration  in  water  in  order  to  be  able  to 
calculate  it  for  each  of  the  other  solvents.  Now,  the  vapor  pressure  of 
iodine  from  a  saturated  solution  is  equal  to  its  sublimation  pressure  at 
the  same  temperature.  Hence,  by  combuung  the  solubility  data  with 
those  for  the  sublimation  pressure,  one  obtains  the  vapor  pressure  of 
iodine  from  its  solution  at  a  number  of  concentrations,  each,  however, 
at  a  different  temperattu-e.  These  values  of  the  vapor  pressure  can  all 
be  reduced  to  a  common  temperattu^  by  use  of  the  Clausius  equation, 
provided  the  latent  heat  of  vaporization  of  iodine  from  the  solution  be 
known.  This  latter  is  equal  to  the  difference  between  the  heat  of  solu- 
tion and  the  heat  of  sublimation,  and  these  in  turn  can  be  obtained  re- 
spectively from  the  solubility  by  use  of  the  van't  Hoff  equation,  and  from 
the  sublimation-pressure  data  by  use  of  the  Clausius  equation. 

Table  I  summarizes  the  results  of  these  calculations.  The  solubilities 
shown  in  Col.  2  were  obtained  from  the  results  of  Fedotief,*  Hartley  and 
Campbell,"  Sammet,^  and  Jakovkin^  by  graphical  interpolation.    The 
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Temper* 

ftture. 

T. 


30 


Table  I. — SusLmATioN  Prbssure  and  SotXTBOiry  Data. 
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Heat  of 

vapor  isACkm. 


2. 

SolubUity. 

Mols/Iiter 

X  10». 

0.650 
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Heat 

of 


4. 
Subl. 


30 


40 


30 


60 


0.871 


1. 159 


.567 


2.188 


3.020 


4.188 


4.50 


4.74 


5.34 


5.86 


6.50 


7.00 


0.030 
0.085 
0.205 
0.469 
1.025 
2.154 


5. 
Heat 

of 
sabl. 


150 


4.266 
Mean, 
^  Beckman,  Z.  physih.  Chem,,  58,  559  (1907)* 

*  Z.  amfrg.  Chem.,  69,  30  (1910). 

*  /.  Chem,  Soc.,  93,  741  (1908). 

*  2.  physik.  Chem,.,  53,  648  (1905). 
» Ibid,,  18,  590  (1895). 
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14.74 


14.70 


14.82 
14.66 


14.94 


10.44 


10.22 


9.60 
9.08 
8.44 


7.94 


21C 


250 


360 
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sublimation-pressure  data  are  those  of  Baxter  and  Hickey.^  The  latent 
heat  of  vaporization  of  iodine  from  its  aqueous  solution,  obtained  by 
subtracting  the  latent  heat  of  solution  (Col.  3)  from  the  latent  heat  of 
sublimation  (Col.  5),  is  shown  in  Col.  6,  and  can  be  expressed  with  suffi- 
cient accuracy  by  the  equation  L,  ■>  (26950  —  58  T)  small  calories. 
Now  iodine  solutions  of  the  concentrations  shown  in  Col.  2  of  the  table 
must  have  the  vapor  pressures  shown  in  Col.  4  at  the  temperatures  which 
appear  in  Col.  i.  By  use  of  the  Clausius  equation,  dp /(ft  —  L«/vT, 
one  can  calculate  what  vapor  pressure  these  solutions  would  have  at  any 
common  temperature,  say  25  ^.  On  substituting  the  value  of  Lt  obtained 
above  and  integrating,  it  takes  the  form 

log  p»  =  log  pr  +  1977  (298  —  T)/T  —  29.20  log  298/T. 
Col.  7  of  the  table  shows  the  values  of  the  partial  pressure  of  iodine  at 
25®  obtained  by  substituting  the  proper  values  of  p  and  T  in  this  equa- 
tion.   The  figures  in  Col.  2  of  Table  II  were  obtained  from  these  by 
graphical  interpolation. 

Tabls  II. 


ii 

f 

Distribution 

coefficient. 

Concentration 
in  mUUmols 
perUterin 

MoMfwtlon  X  W 

>in                Cfor 

"■     ."               , 

"■ 

11 

ii\ 

i 

31 
1- 

ft 

S 

i 

.      1 
5     S 

i 

t 

1 

S     a  ^   5 

^    B  g   S 

X 

S 

t. 

2. 

3.         4. 

5. 

6. 

7.          8. 

9. 

10. 

11. 

12.      13.    14.    15. 

16. 

O.I 

0.025 

85.06  585  438 

8.5 

58.5     43.8 

8.28 

35.4 

38.9 

0.018  3.3  2.8  3.0 

5 

0.2 

0.047  S5.08  586  443 

I7..O 

II  7.2     88.4 

16.53 

71.0 

78.0 

0.036  2.5  2.1  2.3 

3 

0.4 

0.094 

85.10  592  458 

34.0 

236.8  183.0 

33.7 

143.0 

162.0 

0.072  2.1  2.4  2.2 

3 

0.5 

O.I  18  85.15  599  466 

42.6 

299.5  233.0 

41.5 

18 1. 0 

205.0 

0.090  3.5  2.6  2.3 

4 

0.6 

O.I  41 

85.21  608  476 

51.1 

364.8  286.0 

49.8 

220.0 

251.0  0.108  3.4  2.5  2.2 

4 

0.8 

0.1S7  85.70  631  497 

68.5 

504.8  397.0 

66.8 

304.0 

347.0 

0.144  3.3  2.3  2.2 

5 

1.0 

0.232  86.76  651 

519 

86.7 

651.0  519.0 

84.6 

392.0 

450.0  0.180  3.9  2.0  2.2 

6 

1.3 

0.276  88.37  666 

541 

106.0 

781.0  650.0 

102.5 

467.0 

560.0  0.216  4.0  3.4  2.3 

(10) 

1.34  0-305 



120.0 

905.0  745.0 

1 16.0 

544.0 

644.0 

0.244 

Mean,  3.2  2.6  2.2 

4 

The  relation  of  vapor  pressure  to  concentration  for  solutions  of  iodine 
in  the  other  solvents  can  now  be  calculated  by  use  of  the  distribution 
coeflScient.  It  is  important  to  note,  however,  that  the  distribution  co- 
efficient is  a  function  of  the  concentration  even  in  solutions  such  as  these 
in  which  there  is  no  change  of  molecular  complexity,  a  characteristic  to 
be  expected,  of  course,  of  a  nonideal  solution.  Hence,  the  values  of  the 
iistribution  coeflSdent  obtained  experimentally  by  Jakovkin*  and  by 
Washburn  and  Strachan*  were  plotted  against  the  concentration  of  iodine 

1  This  Journal,  29,  127  (1907). 

«  Z.  physik.  Chem,,  18,  588  (1895). 

»  This  Journal,  3$.  689  (1913). 


Digitized  by  VjOOQIC 


630 


n.  K.   STRACHAN. 


in  the  aqueous  solution,  and  a  smooth  curve  drawn  through  the  points 
so  obtained.  The  value  of  the  distribution  coefficient  corresponding  to 
any  desired  concentration  could  thus  be  read  off  the  curve.  The  values 
of  the  distribution  ratip  shown  in  Cols.  3,  4  and  5  of  Table  II  were  ob- 
tained in  this  way.  These  were  multiphed  by  the  figures  in  Col.  i  in  order 
to  obtain  the  concentrations  of  iodine  in  the  other  solvents,  the  results 
appearing  in  Cols.  6,  7  and  8.  The  mol-fraction  of  iodine  in  each  of 
these  solutions  was  calculated  on  the  assumption  that  the  volume  of  the 
solution  was  the  sum  of  the  volumes  of  its  components.  Althot^h  this 
is  not  strictly  in  accord  with  the  facts,  the  error  involved  is  too  small  to 
affect  the  ultimate  conclusions.  The  mol  fractions  obtained  in  this 
manner  are  shown  in  Cols.  9  to  12  of  Table  II. 

The  partial  pressures  shown  in  the  table  can  be  expressed  by  the  equa- 
tion 

p  =  N/N,  Po  +  C(N,  -  N)N,  (2) 

in  which  C  is  an  empirical  constant  and  the  other  letters  have  the  signifi- 
cance sJready  assigned  to  them.  Cols.  13  to  16  show  the  values  of  C 
for  each  of  the  four  solutions.  They  are  remarkably  constant  for  each 
solution  within  the  limits  of  error  of  the  data.  Although  water,  on  ac- 
cotmt  of  its  high  degree  of  association,  does  not  belong  to  the  class  of  solu- 
tions tmder  discussion,  for  the  sake  of  comparison  its  constant  was  cal- 
culated. The  solubility  of  iodine  is  so  small  in  this  case  that  the  molecu- 
lar complexity  of  the  solution  is  not  noticeably  altered.  Equation  2 
differs  from  Henry's  law  (Equation  i)  only  by  the  term  CCN,  —  N)N. 
The  magnitude  of  this  correction  term  can  be  seen  by  inspection  of  Pigs. 
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I  and  2,  where  the  mol  fraction  of  iodine  in  the  solutions  is  plotted  against 
its  partial  pressure.  The  curved  lines  represent  the  values  calculated 
from  the  experimental  data  and  represent  Equation  2,  while  the  straight 


lines  were  obtained  by  use  of  Henry's  law.  The  curve  for  water  is  omitted, 
as  the  deviation  from  Henry's  law  would  be  apparent  only  in  a  very 
large  figure. 

in.  Discussion  of  Results. 

It  is  worthy  of  note  that  the  value  of  C  is  in  every  case  almost  inversely 
proportional  to  the  square  of  the  solubility  of  iodine  in  the  solution,  the 
proportionality  constant  being  9  X  10"*  for  bromoform,  8  X  io~*  for 
carbon  disulfide,  4  X  io~*  for  carbon  tetrachloride,  and  2  X  lo""*  for 
water.  The  decrease  in  these  four  values  of  the  proportionality  constant 
with  the  solubiUty  may  be  accidental,  or  may  be  due  to  the  increase . 
of  the  mol-fraction  of  solvent  as  that  of  the  solute  decreases.  However, 
the  agreement  is  very  close,  considering  that  the  solubility  of  iodine  in 
the  different  solvents  varies  more  than  lo^-fold,  and  its  square,  more 
than  lo^^-fold.  It  fiulher  suggests  that  Equation  2  is  the  limiting  form 
approached  by  a  more  general  expression  when  the  solubility  becomes 
sufficiently  small,  and  is  not  a  mere  power-series  interpolation  formula. 
Investigations  are  now  in  progress  in  this  laboratory  to  determine  the 
relation  of  vapor  pressm-e  to  concentration  prevailing  in  other  nonideal 
solutions,  and  to  inquire  into  the  exact  significance  of  the  constant  C. 
It  is  hoped  that  thus  a  more  general  equation  may  be  obtained  expressing 
vapor  pressure  or  activity  in  terms  of  concentration. 
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This  equation  is  important  not  merely  because  it  relates  vapor  pressure 
to  concentration  for  this  t3rpe  of  nonideal  solution,  but  rather  because 
it  can  be  used  to  express  thermodynamic  activity^  or  ''active  mass''  in 
terms  of  concentration.  Consequently,  any  property  of  a  solution  of 
this  type  which  can  be  expressed  in  terms  of  thermod3mamic  activity 
can  also  be  expressed  in  terms  of  concentration.  This  fact  is  of  especial 
value  in  the  discussion  of  chemical  equilibria  in  solutions  of  this  sort, 
as  they  constitute  one  of  the  most  common  and  interesting  types.  In 
such  cases,  the  mass-action  law,  depending  as  it  does  on  Henry's  law, 
cannot  express  the  equilibrium  relations  accurately,  except  at  infinite 
dilution  or  when  compensation  effects  are  present.  But  by  combining 
this  equation  with  the  laws  of  thermod3mamics  it  is  possible  to 
determine  the  relation  which  must  exist  between  the  mol-fractions  of 
the  reacting  substances  in  an  equilibrium  mixttu^  in  this  kind  of  a 
solution. 

In  a  quaUtative  way  this  equation  shows  that  the  distribution  coefficient 
wiU  increase  with  increasing  concentration,  if  the  concentration  of  solute 
in  the  solution  in  which  it  is  most  soluble  is  placed  in  the  numerator, 
provided  both  solutions  are  truly  nonideal.  This  conclusion  agrees 
with  the  available  data,  not  only  for  the  particular  systems  employed  in 
this  article,  but  also  quite  generally.  It  shows  at  once  that  not  all  cases 
of  inconstancy  of  the  distribution  ratio  can  be  attributed  to  change  of 
molecular  complexity  of  the  solute,  and,  as  a  corollary,  that  inconstancy 
of  the  distribution  ratio  is  not  a  sufficient  basis  for  concluding  that  a  solute 
has  different  molecular  weights  in  the  different  solvents.  This,  of  course 
does  not  exclude  change  of  molecular  complexity  from  also  bemg  a  cause 
of  variation  of  the  distribution  ratio  with  the  concentration. 

IV.  Simimary. 
(i)  The  partial  presstue  of  a  difficultly  soluble  component  from  its 
solution  in  several  solvents  has  been  calculated. 

(2)  The  partial  pressure  of  a  difficultly  soluble  component  of  a  truly 
nonideal  solution  can  be  expressed  by  the  relation 

p^  (N/N,)  />,  +  C(N,  — N)N 
in  which  p  is  the  partial  pressiure  of  the  solute  when  its  mol  fraction  is 
N,  po  is  the  vapor  pressiu-e  of  the  pure  solute,  and  N,  its  mol  fraction  in  a 
saturated  solution. 

(3)  C  is  a  constant  approximately  inversely  proportional  to  the  square 
of  the  solubility. 

MiNNBAPOus,  Minn. 

^  As  defined  by  Lewis  (2.  physik,  Chem.,  6x,  129  (1907))  for  these  solutions  the 
activity,  f  -  N/RT  [Po  /N,  +  C(N,  —  N)  ]  if  the  vapor  is  a  perfect  gas. 
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[Contribution  vrom  thb  CasiacAi,  Dbpartxent  op  thb  Univbksity  of  Wisconsin.] 

THE    PARTITION  COEFFICIENTS  OP  HYDROGEN  PmtOXIDB 
BETWEEN  WATER^AND  CERTAIN  ORGANIC  SOLVENTS. 

Br  jAicas  R.  Walton  and  Hasold  A.  Lnwib. 
Received  Janiiary  19*  1916. 

The  fact  that  hydrogen  peroxide  is  soluble  in  ether  and  amyl  alcohol 
has  been  recognized  for  a  long  time.  It  is  not  generally  known,  however, 
that  a  surprisingly  large  number  of  organic  solvents  dissolve  this  sub- 
stance. A.  Brann^  carried  out  a  series  of  semi-quantitative  experiments 
in  this  laboratory,  in  which  he  agitated  equal  volumes  of  hydrogen  per- 
oxide solutions  with  various  organic  solvents  at  room  temperature,  and 
determined  the  amount  of  peroxide  in  each  phase.  The  results  of  his 
experiments  are  incorporated  in  Table  I.    Brann  found  that  the  peroxide 

Tablb  I. 

Cone,  in  aoWent  Cone,  to  wairtat 

Solvent.  Cone,  in  water  '  Solvent.  Cone,  in  water  * 

Ethyl  acetate 2/5  Chloroform 1/600 

Nitrobenzene 1/200  Benzene 1/200 

Acetophenone 1/4  Isobutyl  alcohol 1/3 

Amyl  acetate 1/8  Propyl  formate 1/8 

Ethyl  isovalerianate 1/40  Isobutyl  butyrate 1/50 

Ispamyl  propionate 1/12  Propyl  butyrate 1/30 

is  also  soluble  in  many  other  organic  solvents,  notably  phenol  and  ani- 
line. His  experiments  show  that  the  solvents  that  dissolve  water  will 
also  dissolve  hydrogen  peroxide. 

Measurements  of  the  partition  coefficients  of  hydrogen  peroxide  have 
been  made  by  Calvert*  with  amyl  alcohol  and  water  and  by  Osipoflf  and 
Popoff*  with  water  and  ether  at  17.5**. 
The  results  obtained  by  the  latter  investigators  are  as  follows: 

Vol.  ether i.i  a  5*         6  7  8  9         10 

Vol.  water 2  i  11  i  i  i  i  i 

Cone.  HiOj  in  water 

Cone.  H^  in  ether '^'^     '^'^     '^'^     '^'^     '^'^     '^'^     '^'^     '^'^     '^  ^ 

Experimental. 

The  hydrogen  peroxide  used  in  these  experiments  was  Merck's  *'Per- 
hydrol,"  The  organic  Uquids  were  the  purest  materials  obtainable. 
These  were  redistilled  once,  and  in  some  cases  twice,  and  the  constant 
boiling  fractions  used. 

An  electrically  heated  and  controlled  thermostat  was  constructed  in 
which  to  carry  on  the  experiments  at  constant  temperature.  Equal  vol- 
umes of  water  and  the  given  solvent,  usually  15  cc.  of  each,  and  the  de- 

*  DissertaUon,  University  of  Wisconsin,  Z9i4* 

*  Z.  physik.  Chem.,  38,  513  (1901). 

*  /.  Russ.  Phys.  Chem,  Soc,,  35,  637  (1903). 
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sired  volume  of  hydrogen  peroxide  were  pipetted  into  glass  stoppered 
bottles  of  about  60  cc.  capacity.  These  bottles  were  then  damped  in 
the  bath  in  a  shaking  device.  The  liquids  in  the  bottles  were  allowed  to 
come  to  the  temperature  of  the  bath,  and  then  were  shaken  until  equi- 
Ubritmi  was  reached,  about  an  hour  being  the  usual  period  necessary. 
After  equilibrium  was  reached,  definite  volumes  of  each  layer  were  pipetted 
off  and  diluted.  In  general,  10  cc.  of  the  aqueous  layer  were  diluted  to 
200  cc.  with  distilled  water.  The  layer  of  organic  solvent  was  diluted 
with  ethyl  alcohol,  either  5  or  10  cc.  being  made  up  to  100  cc,  depending^ 
upon  the  ease  a{  separation  of  the  layers  and  upon  the  concentration  of 
peroxide.  Aliquot  portions  were  then  taken  and  the  concentration  of 
hydrogen  peroxide  in  each  solution  was  determined. 

Two  methods  were  employed  for  the  estimation  of  the  hydrogen  per- 
oxide. Whenever  possible,  it  was  titrated  with  standard  potassium 
permanganate  in  dilute  sulfuric  add  solution.  In  these  cases  the  sulfuric 
acid  was  added  during  dilution.    In  general  20  cc.  portions  were  titrated,. 

Tabup  II. 

Partition  Coeffidents  oi  Hydrogen  Peroxide  between  Water  and  Certain    Organic 

Solvents  at  25 ''.    Determined  by  Titration  Method. 

Titration  of  1  cc  of :  cneiBeie^ 

Solvent  and     Cc.  30%  . ^ .  C^ 

water  taken         HiOi  Solvent  Water  Z^-, 

Solvent.  cc.  of  each.        taken.  C^.'  Cgq.^  Cg 

Bthyl  acetate lo.o  5.0  ix.75  46.25  3.94 

lo.o  5.0  13.77  53.84  3.92 

10. o  5.0  14.39  57.14  3.97 

10. o  5.0  14.25  57.24  4.01 

10. o  7.0  13.20  53.20  4.03 

15.0  5.0  10.01  39.68  3.97 

15.0  5.0  10.03  39.60  3.95 

15.0  7.0  13.28  54.44  4.IO 

15.0.  7.0  13.27  54.50  4.10 

15.0  7.0          '  13.00  53-51  4-11 

Isobutyl  alcohol 15 .0  5.0  15 .96  41 .  13  2 .5ft 

15.0  7.0  20.18  52.30  2.59 

15.0  5.0  16.60  43.62  2.65 

15.0  7.0  21.05  54.13  2.58 

Amyl  acetate 15.0  5.0  3.64  47.75  13. i 

15.0  7.0  4.59  60.65  13.2 

15.0  10. o  5.90  76.80  13.0 

Acetophenone 15.0  5.0  7.77  46.46  5.9S 

15.0  7.0  9.82  59.47  6.06 

15.0  10. o  II. 15  64.78  5.82 

Ether.. 15.0  3.0  3.22  29.32  9.11 

15.0  5.0  5.05  44-22  8.76 

15.0  7.0  6.90  56.90  8.25 
'  Cs  and  Cog.  represent  concentration  of  HsOt  in  i  cc.  of  solvent  and  aqueous  layers* 

respectively,  expressed  in  terms  of  cubic  centimeters  of  approximately  o.i  iV^  KMn04. 
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SO  that  the  number  of  cubic  centimeters  of  permanganate  used  gave 
the  value  for  i  .0  cc.  of  the  original  aqueous  layer. 

In  several  cases  permanganate  could  not  be  used  because  it  oxidized 
the  organic  solvent.  Consequently  a  gasometric  method  was  devised  to 
determine  the  concentration  of  peroxide.  In  this  method  an  aliquot 
part  of  the  solution  was  placed  in  a  flask  connected  by  a  capillary  tube 
to  a  water-jacketed  gas  buret.  A  capsule  of  manganese  dioxide,  held  in 
the  neck  of  the  flask  by  a  glass  rod,  was  released,  and  allowed  to  drop 
into  the  liquid.^  The  manganese  dioxide  decomposed  the  hydrogen 
peroxide  completely  in  about  fifteen  minutes.  The  volume  of  oxygen 
liberated  was  read  on  the  gas  buret.  Errors  of  reading  were  decreased  to 
the  minimum  by  the  use  of  large  portions  of  the  solution.  Table  II,  pre- 
ceding, gives  the  results  obtained  from  use  of  the  titration  method  with 
those  liquids  in  which  the  hjrdrogen  peroxide  underwent  no  change  of 
molecular  weight. 

In  the  above  table  it  will  be  seen  that  the  coeflScient  for  ethyl  acetate 
was  determined  a  number  of  times  more  than  for  any  of  the  other  liquids. 
This  was  done  to  make  sure  that  the  method  employed  would  give  constant 
results.  In  the  case  of  isobutyl  alcohol,  amyl  acetate,  and  acetophenone, 
constant  results  were  obtained.  That  the  hydrogen  peroxide  does  not 
undergo  association  in  any  of  the  solvents  used  in  Table  II  is  evidenced 
by  the  fact  that  the  values  C^JC^  for  the  different  concentrations  are 
constant. 

The  partition  coefficients  for  water-ether  are  lower  than  the  lowest 
value  obtained  by  Osipoff  and  Popoff,  13.9.  These  investigators,  how- 
ever, worked  at  17.5**,  whereas  the  above  measurements  were  carried 
out  at  25°.  In  order  to  see  whether  or  not  this  difference  was  due  to  the 
difference  in  temperature,  partition  coefficients  were  determined  at  o**, 
with  the  following  results:  • 

Vol.  ether.       Vol.  water.      Vol.  30%  HtOi.  Caq..  C,.  C^" 

15  CC-       •     15  CC-  5  CC.  35.15  CC.  6.00  CC.  5.85 

15  CC.  15  CC.  7  CC.  45.3    CC.  7.95  CC.  5.72 

These  results  indicate  that  for  lower  temperatures  the  value  of  the  parti- 
tion coefficient  decreases.  Consequently  the  values  obtained  in  this 
investigation  are  appreciably  lower  than  those  of  Osipoff  and  Popoff. 

A  number  of  other  organic  solvents  were  used,  but  for  various  reasons 
quantitative  results  could  not  be  obtained.  Phenylhydrazine  dissolves 
hydrogen  peroxide,  but  it  is  rapidly  oxidized  with  the  formation  of  aniline 
as  one  of  the  oxidation  products.  With  methyl  iodide  the  solubility  was 
so  small  that  the  buret  readings  were  not  reliable.  By  titration  of  the 
•aqueous  layer  the  Ca^./C,  was  found  to  be  approximately  200.    w-Tolui- 

^  Walton,  Z.  physik,  Chem.,  4%  2  (1904) . 
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dine  forms  an  addition  produ(5t  with  the  sulfuric  add.  The  titration  of 
the  aqueous  layer  gives  a  value  of  Caq./Cs  that  is  about  5.  Aniline  and 
phenol  showed  very  little  oxidation  by  the  hydrogen  peroxide,  but  were  so 
rapidly  oxidized  by  the  permanganate  that  concordant  results  could  not 
be  obtained.  The  layers  were  consequently  analyzed  by  the  gasometric 
method  already  described.    The  results  are  given  in  Tables  III  and  IV. 

Table  III. 
Distribution  of  Hydrogen  Peroxide  between  Water  and  Aniline.    Temperature  as"*. 

Oxygen  from  Oxygen  from  2  cc.         q 

Vol.  Vol.  Vol.  2  oc.  aniline  aqueous  layer  "*• 

aniline.  water.         30%  HsOi.  Cj.  C^,.  C«   ' 

15  CC.  15  CC.  ICC.  2.80CC.*  11.40  cc.*  4.08 

15  CC.  15  CC.  2  cc.  5.IOCC.  20.90  CC.  4.10 

Tablb  IV. 

Distribution  of  Hydrogen  Peroxide  between  Water  and  Phenol.    Concentrations 

Expressed  in  Millimols  per  10  cc.     Temperature  25  **. 

HsOiln  HtOiin  q  Caq. 

phenol  aqueoua  layer  "*:  '  ,■ — . 

C,.  Caq..  C,  •  VC* 

105.7  459.1  4.35  44-7 

182.1  839.0  4.61  62.1 
350.5                           1217.O                          4.88  76.9 

337.2  1868.0  5.55  102.0 

The  constancy  of  the  values  Ca^./C,  shows  that  the  hydrogen  peroxide 
does  not  undergo  association  when  dissolved  in  aniline.  The  correspond- 
ing values  obtained  in  Table  IV,  which  gives  the  solubility  of  hydrogen 
peroxide  in  phenol,  are  far  from  constant,  and  indicate  association.  If 
the  association  consists  in  doubling  all  the  molecules  of  hydrogen  peroxide, 
the  value  C^./ VC,  should  be  constant,  but  this  is  not  the  case. 

Tablb  V. 
Distribution  of  Hydrogen  Peroxide  between  Water  and  Quinoline.    Concentratioas 
*  are  in  Millimols  per  10  cc. 

HtOiin  HflOiitt  q  C«^. 

quinoline.  aqueoua  layer.  **'  ~~r=-* 

Temp.  C^  Caq.  C,    '  V^* 

o* 617  170. 1  0.276                     6.85 

1636  522.6  0.319  12.9 

2419  944.5  0.391  19.2 

25" II18  408.0  0.365  12.2 

1456  635.0  0.435  16.6 

2181  1090.0  0.505  23.4 

2715  1538.0  0.559  29.5 

3361  2157.0  0.642  37.2 

40" 1330  686.0  0.516  18.7 

1993  1197.0  0.602  a6.8 

The  solubility  of  hydrogen  peroxide  in  quinoline  is  interesting  because 
the  partition  coeflBcient  is  less  than  one;  in  other  words,  when  quinoline 
^  At  20^  and  740  mm. 
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is  agitated  with  an  equal  v<dume  of  hydrogen  peroxide  solution  it  removes 
more  than  half  the  hydrogen  peroxide.  The  results  of  experiments 
with  quinoline  which  are  given  in  Table  V  point  to  association,  for  the 
ratio  Cflfl./C,  is  not  constant.  The  values  of  Ca^./VC,  and  of  C^./'VCj 
have  also  been  computed,  but  they  do  not  give  constants. 

An  examination  of  the  data  for  the  distribution  at  o^,  25^  and  40^ 
respectively  (Table  V),  shows  the  existence  of  an  appreciable  tempera- 
ture coefficient.  For  a  given  concentration  of  hydrogen  peroxide,  the 
lower  the  temperature  the  greater  the  percentage  dissolved  by  the  quinoline. 
A  temperature  effect  of  so  great  a  magnitude  is  tmusual  for  substances 
for  which  constant  values  of  the  partition  coefficient  can  be  obtained. 
Cases  similar  to  the  above  have  been  found,  however,  by  Hantzsch^ 
and  his  co-workers.  The  large  temperature  coefficient,  and  the  great 
change  in  distribution  for  a  change  in  the  concentration,  indicate  a  com- 
bination of  the  sohite  with  one  of  the  splvents.'  In  the  case  of  quinoUne 
the  existence  of  a  compound  of  quinoline  and  hydrogen  peroxide  dissolved 
in  the  quinoline  layer,  and  in  equilibrium  with  uncombined  hydrogen 
peroxide  seems  very  probable,  particularly  when  one  recalls  the  basic 
properties  of  quinoline  and  the  slightly  add  properties  of  the  peroxide. 
Quinoline,  moreover,  shows  an  unusual  tendency  to  form  addition  prod- 
ucts with  a  stuprisingly  large  number  of  compounds.  The  results  ob- 
tained from  hydrogen  peroxide  and  phenol  are  doubtless  due  to  similar 
causes. 

This  investigation,  and  in  particular  the  reactions  of  quinoline  solu- 
tions of  hydrogen  peroxide,  is  being  continued. 

Summary. 

1.  Organic  solvents  that  dissolve  water  will  also  dissolve  hydrogen 
peroxide. 

2.  The  partition  coefficient  of  hydrogen  peroxide  between  water  and 
each  of  the  following  substances  has  been  determined  at  25**:  ethyl  ace- 
tate; isobutyl  alcohol;  amyl  acetate;  acetophenone;  ethyl  ether;  aniline. 
The  hydrogen  peroxide  does  not  undergo  association  in  these  solvents. 
The  values  obtained  for  ethyl  ether  do  not  agree  with  those  of  OsipoflF 
and  Popoff. 

3.  Hydrogen  peroxide  is  soluble  in  phenol  and  in  quinoline.  The 
quinoline  is  not  a  solution  of  simple  peroxide  molecules,  but  probably  con- 
sists of  a  compoimd  of  the  solvent  and  hydrogen  peroxide  in  equilib- 
rium with  hydrogen  peroxide. 

4.  Quinoline  is  an  unusually  good   solvent  for  hydrogen  peroxide. 

^  Hantzsch  and  Seboldt»  Z.  phyHk,  Chem,,  30,  258  (1899);  Hantzsch  and  Vagt, 
Ibid.,  3S»  705  (1901). 

•  Herz,  "Der  Verteilungssatz,"  Akrens*  Sammlung,  Vol.  15,  p.  17. 
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At   D®    for    certain    concentrations    of    hydrogen    peroxide    the'tfcvalue 

HjOi  in  water  , 

— may  be  as  low  as  0.276. 

HzOj;  in  quinoline 

MADXaON,    WxaCONSXN. 


[COI^TIUBITTION     FROM     THS    DEPARTMBNT     OF    ChBMISTRY    OF    TRB    VmWStSm   OF 

Wisconsin.  ] 

THE  OXTOATION  OP  MANGANESE  SOLUTIONS  IN  PRESENCE 

OF  THE  AIR. 

Bt  Victok  Lbnrss. 
Received  January  21.  1916. 

It  is  well  known  that  manganous  solutions  when  neutralized  undergo 
hydrolysis,  and  that  when  such  solutions  are  allowed  to  stand  in  con- 
tact with  the  air,  oxidation  takes  place  with  the  precipitation  of  hydrated 
manganese  dioxide.  In  the  presence  of  the  common  alkalies,  manganous 
salts  yield  manganous  hydroxide,  which  when  exposed  to  the  air  under- 
goes oxidation  with  the  formation  of  hydrated  manganese  dioxide. 

The  deposition  of  pyrolusite,  the  most  plentiful  of  the  manganese 
ores  in  nature,  is  doubtless  the  result  of  a  series  of  reactions  of  neutraliza- 
tion and  oxidation.  Manganese  is  presumably  transported  in  nature  as 
bicarbonate,  sulfate,  or  chloride.  When  a  manganese-bearing  solution 
comes  in  contact  with  such  a  substance  as  calcium  carbonate  which  is  so 
widely  distributed  in  nature,  the  manganese  salt  is  neutralized,  hydrol3rsis 
takes  place,  the  action  of  the  oxygen  of  the  air  steps  in  and  manganese 
dioxide  is  precipitated,  the  calcium  carbonate  serving  to  neutralize  the 
free  acid  which  is  liberated  in  the  reaction. 

In  studying  the  reactions  incident  to  the  deposition  of  manganese  di- 
oxide by  the  neutralization  of  manganese  salts  and  the  subsequent  oxida- 
tion by  means  of  air,  a  series  of  observations  have  been  made  by  the  ^friter 
which  at  first  sight  seemed  to  be  examples  of  certain  principles  of  positive 
and  negative  catalysis. 

A  large  number  of  glass  tubes  were  cleansed  with  the  utmost  care  and 
in  each  tube  was  placed  a  i%  solution  of  pure  manganous  chloride,  a  piece 
of  Iceland  spar,  and  a  piece  of  metal,  mineral  or  metallic  compound. 
The  solution  and  solids  filled  about. one-fourth  of  the  tube;  the  remainder 
of  the  space  was  occupied  by  air.  These  tubes  were  then  sealed  and  al- 
lowed to  stand  for  a  long  time  in  order  to  allow  the  slow  oxidation  by  the 
air  to  take  place.  Very  striking  differences  in  behavior  are  exhibited 
by  the  various  metals  imder  these  conditions.  Certain  of  the  metals 
cause  the  production  of  manganese  dioxide  to  be  accelerated,  while  others 
cause  its  formation  to  be  retarded,  or  in  some  cases  to  be  actually  inhibited. 
Lead  and  bismuth  accelerate  the  deposition  of  manganese  dioxide  from  a 
manganese  chloride  solution  when  calcite  is  present  as  a  neutralizing  agent. 
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In  blank  e3cperimients  made  with  only  manganese  chloride  solution 
and  Iceland  spar,  the  first  noticeable  separation  of  manganese  dioxide 
appears  only  after  standing  for  several  weeks.  With  metallic  lead  pres- 
ent in  the  solution,  a  greater  amount, of  the  dioxide  separates  out  over- 
night than  in  several  weeks  in  the  blank  experiments.  Certain  other 
metals,  such  as  tin,  arsenic  and  antimony,  prevent  this  oxidation  of  the 
manganese  with  formation  of  manganese  dioxide.  In  fact  they  inhibit 
it  entirely. 

Such  metals  as  merctuy,  copper,  zinc,  nickel,  cobalt,  cadmium,  silver, 
gold,  as  well  as  mercuric  sulfide,  millerite,  pyrite,  chalcopyrite,  and  zinc 
blende,  are  without  any  effect  in  this  reaction,  the  tubes  at  the  end  of  a 
number  of  months  of  action  appearing  to  be  identical  with  those  in  which 
only  the  manganese  solution  and  Iceland  spar  were  present. 

The  acceleration  of  the  oxidation  of  the  manganese  by  the  oxidation 
with  air  in  presence  of  lead  is  not  necessarily  dependent  on  the  pres^ice 
of  the  metal  itself,  since  lead  sulfide,  carbonate  or  sulfate  also  accelerate 
this  reaction;  nor  is  the  reaction  dependent  on  the  use  of  the  chloride  of 
manganese,  inasmuch  as  the  sulfate  or  acetate  of  manganese  also  works 
equally  well. 

The  retardation  of  this  oxidation  in  the  presence  of  metaUic  antimony, 
arsenic  or  tin,  is  readily  explained  by  the  reducing  action  of  their  salts 
toward  manganese  dioxide.  The  alkaline  stannites,  arsenites  and  anti- 
monites  reduce  manganese  dioxide;  consequently  in  their  presence  it 
cannot  be  produced.  The  lack  of  reaction  cannot,  therefore,  be  regarded 
in  the  Ught  of  a  negative  catalysis. 

Further,  the  presence  of  a  higher  oxide  or  salt  of  a  higher  oxide  of  these 
elements  is  without  any  appreciable  effect  on  the  reaction.  Thus,  in 
the  presence  of  an  arsenate,  stannic  oxide,  or  antimonic  oxide,  the  oxida- 
tion and  subsequent  deposition  of  manganese  dioxide  proceeds  in  the 
same  way  as  though  these  substances  were  absent. 

The  presence  of  a  reducing  substance  when  a  neutralized  solution  of 
manganese  is  exposed  to  the  air,  impedes  the  oxidation  and  formation 
of  manganese  dioxide,  or  actually  prevents  it.  Such  substances  which 
in  general  are  not  reducing  in  character,  as  the  common  metals  mercury 
copper,  cadmium,  zinc,  cobalt,  silver,  and  the  minerals  cinnabar,  millerite, 
pyrite,  chalcopyrite,  sphalerite,  magnetite,  hematite,  conmdum,  bauxite 
and  ilmenite,  are  without  apparent  influence  on  this  oxidation. 

Lead  and  lead  compounds  accelerate  this  oxidation  greatly;  bismuth 
and  bismuth  compounds  also  accelerate  the  oxidation,  but  to  a  lesser 
degree  than  lead. 

From  our  niunerous  experiments  along  these  lines,  it  is  apparent  that 
in  the  laboratory  lead  and  lead  compounds  act  as  a  great  accelerator  in 
the  production  of  manganese  dioxide  when  we  attempt  to  imitate  the 
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agencies  which  apparently  go  on  in  nature  in  the  formation  of  manganese 
deposits. 

Thus  far,  however,  no  regular  association  of  lead  with  the  oxidized 
manganese  minerals  has  been  noted  in  the  field,  so  far  as  the  writer  is 
aware. 

Madison,  Wis. 


[From  thb  Dbpartm»nt  of  Chemistry,  PRnJCETON  UNrvBRSiXY.J 

THE  USE  OF  HYDROFLUORIC  ACID  IN  THE  SEPARATION  OF 
SOME  HEAVY  METALS  FROM  TIN,  ANTIMONY,  TUNG- 
STEN, AND  MOLYBDENUM,  BY  MEANS  OF 
THE  ELECTRIC  CURRENT. 

Bt  LbRoy  W.  McCay  and  N.  Howsll  Purman. 
ReceiTed  January  22,  1916. 

About  a  year  ago  one  of  us  (M.)  showed  that  from  a  nitrohydrofluoric 
add  solution  of  copper,  lead,  tin,  and  antimony,  the  last  two  metals 
being  in  the  higher  state  of  oxidation,  the  electric  current  precipitates 
the  copper  and  lead  only,  the  former  at  the  cathode,  the  latter  as  the  per- 
oxide at  the  anode.  ^  It  was  stated  then  that,  under  similar  conditions, 
silver  and  mercury  can  be  separated  from  tin  and  antimony.  Considera- 
ble experimental  work  has  convinced  us  that  the  separation  of  silver  and 
mercury  from  tin  and  antimony  is  as  complete  and  their  subsequent 
determination  as  exact  as  was  observed  in  the  case  of  copper  and  lead. 
The  silver  deposits  contain  no  weighable  amounts  of  platinum,  which 
fact  we  attribute  to  the  very  weak  currents  necessarily  employed  in  order 
to  obtain  compact  silver  deposits.  The  mercury  deposits,  however, 
usually  contain  a  Uttle  platinum,  as  had  already  been  noted  in  the  case 
of  copper  deposited  from  nitrohydrofluoric  acid  solutions.*  The  amount 
found  is  variable,  but  seems  to  increase  with  the  quantities  of  tin  and 
hydrofluoric  acid  present,  and  with  the  time  during  which  the  current 
acts.  When  the  current  strength  was  as  high  as  3  A.,  and  a  Classen  rota- 
ting anode  was  employed,  the  amount  of  platinum  found  in  the  mercury 
deposits  was  about  0.0005  g-l  i^  one  case  0.0007  g.  On  treating  the  de- 
posits with  nitric  acid  the  platinum  remains  in  the  form  of  a  black  powder, 
or  dark  and  very  thin  film,  and  can  be  rapidly  and  accurately  determined, 
and  the  necessary  correction  made. 

Since  nitrohydrofluoric  acid  solutions  of  tungstic  and  molybdic  adds 
behave  toward  the  current  like  those  of  stannic  and  antimonic  adds, 
copper,  lead,  silver  and  mercury  can  be  separated  from  timgstic  and  molyb- 
dic as  well  as  from  mixtiu"es  of  stannic,  antimonic,  tungstic  and  molybdic 
adds.    The  results  for  silver,  copper  and  mercury  are  very  satisfactory. 

^  Tms  Journal,  36,  2375  (1914)- 
*  Loc.  cit. 


Digitized  by  VjOOQIC 


VSB  OF  HTBROFLUORIC  ACID  IN  SEPARATINO  HBAVY  M^ALS.       64I 

The  lead  peroxide  deposited  from  nitrohydrofiuoric  add  solutions  always 
weighs  more  than  when  precipitated  from  nitric  add  solutions  contain- 
ing no  hydrogen  fluoride.  The  excess  in  wdght  is  from  1-4  mg.  The 
error  can  be  eliminated,  and  results  obtained  equal  almost  in  accuracy 
to  those  arrived  at  when  lead  is  determined  as  the  peroxide  in  nitric  acid 
solutions  alone,  by  proceeding  as  follows: 

After  removing  the  Uquid  over  a  deposit  and  washing  it,  water  contain- 
ing the  necessary  amotmt  of  nitric  add  is  poured  into  the  dish  until  the 
deposit  is  just  covered,  and  the  current  is  reversed.  In  a  few  minutes 
solution  is  complete,  the  current  is  once  more  reversed  and  the  lead  re- 
predpitated  as  the  peroxide.  Since,  however,  it  is  a  well-estabhshed  fact 
that  even  when  lead  is  deposited  as  the  peroxide  from  nitric  add  solutions 
alone  the  calculated  results  are  apt  to  be  high,  we  have  foimd  it  best, 
when  a  high  degree  of  accuracy  is  desired,  dther  to  dissolve  the  peroxide 
in  a  few  cubic  centimeters  of  dilute  nitric  add  containing  a  littie  pure 
hydrogen  peroxide,  evaporate  the  solution  to  dryness  in  a  porcelain 
crudble,  ignite  the  residue  and  wdgh  the  lead  as  oxide,  or  to  convert 
the  nitrate  so  obtained  into  the  sulfate,  the  latter  being  collected  and  ig- 
nited in  a  Brunck  or  Neubauer  crudble  placed  in  a  larger  one  of  porcdain. 
We  have  succeeded  in  detecting  fluorine  in  the  lead  peroxide  deposited 
from  nitrohydrofluoric  add  solutions.  No  quantitative  determinations 
of  the  fluorine  have  thus  far  been  made,  but  the  device  employed  in 
testing  for  the  dement  has  3rielded  such  satisfactory  results  that  we  are 
assured  it  is  not  water  alone,  but  fluorine  in  addition,  which  occasions 
the  overweights  of  the  lead  peroxide. 

The  metals  and  other  substances  employed  in  om*  work  were  the  best 
furnished  by  a  well-known  German  firm.  The  copper,  silver,  tin,  anti- 
mony, and  lead  nitrate  had  already  been  examined  and  found  to  be  prac- 
tically free  from  impurities.  The  mercury  was  piuified  by  letting  it 
fall  in  a  very  thin  stream  through  a  long  column  of  dilute  nitric  acid.  It 
was  then  distilled  three  times.  The  timgstic  and  molybdic  anhydrides 
were  thoroughly  digested  in  boiling  concentrated  nitric  add,  the  add 
was  almost  entirdy  removed  by  evaporation,  the  residues  were  taken  up 
with  water,  filtered  off,  washed  with  nitric  add  water  and  dried  at  about 
250**.  No  traces  of  the  presence  of  any  heavy  metals  could  be  detected 
in  these  preparations. 

Standard  solutions  of  some  of  these  materials  were  prepared  and  con- 
venient amounts  pipetted  out  as  required.  The  necessary  solutions  of 
tin  and  antimony  were  always  obtained  by  dissolving  known  weights 
in  a  little  warm  nitrohydrofluoric  add  in  a  platiniun  dish  covered  with 
a  piece  of  platintun  foil.  When  a  solution  contained  antimony,  that 
portion  remaining  in  the  lower  state  of  oxidation  was  converted  into  the 
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higher  by  means  of  a  slight  excess  of  potassium  bichromate.^  The  solu- 
tions so  prepared  were  then  diluted  to  about  100  cc.  and  electrolyzed. 
During  the  passage  of  the  current  the  platinum  dishes  were  covered 
with  split  dock  glasses  heavily  paraffined,  or  with  pieces  of  hard  rubber 
shaped  like  clock  glasses  and  provided  with  a  narrow  slit  extending  from 
the  center  to  the  circumference.  When  relatively  high  amperages  were 
used  and  the  anode  was  rotated,  a  cover  of  thin  platinum  foil  was  substi- 
tuted for  the  one  of  hard  rubber  or  paraffined  glass.  This  proved  to  be 
necessary,  for  the  heat  melted  the  paraffin,  and  the  hot  acid  spray  attacked 
the  rubber.  The  cover  was  made  by  subjecting  two  semicircular  pieces 
of  freshly  annealed  platinum  foil  to  considerable  pressure  in  a  concave 
and  grooved  mold.  The  residting  corrugations  render  the  metal  rigid, 
so  that  there  is  no  danger  of  the  cover  losing  its  clock-glass  shape. 

The  liquids  over  the  deposits  were  siphoned  off  with  a  short  piece  of 
black  rubber  tubing,  upon  which  the  nitrohydrofluoric  add  has  prac- 
tically no  action.  The  washing  was  performed  in  the  ordinary  way» 
the  main  liquids  and  washings  being  trapped  in  a  large  ceresin  beaker. 

Experimental. 
Separation  of  Silver  from  Tin  and  Antimony.— Weighed  amounts  of 
the  metals  were  placed  in  an  ordinary  Classen  dish  of  125  cc.  capadty. 
20  cc.  nitric  add  (i  part  add  sp.  gr.  i  .42  15  parts  water)  and  i  cc.  hydro- 
fluoric add  (48%)  were  added,  the  dish  was  covered  with  a  piece  <rf  plat- 
inum foil  and  the  liquid  very  gently  warmed  until  all  was  in  solution. 
The  antimony  in  the  lower  state  of  oxidation  was  then  brought  to  the 
higher  by  means  of  a  slight  excess  of  potassium  bichromate,  the  contents 
of  the  dish  were  diluted  to  100  cc.,  and  the  current  was  applied. 
Sb,  0.I02Z  to  0.1075  g.;  Sn,  0.2001  to  0.2091  g.;  B.  M.  F.,  2  volts;  Time,  overnii^t. 

Current,  ampere 0.07  o.io  0.05  0.05  0.05 

Gram  Ag  taken 0.0271        0.0211        0.0200        0.0175'       0.0185 

Gram  Ag  found 0.0267        0.0208        0.0197        0.0171        0.0180 

The  deposits  adhered  well  to  the  dish,  but  they  were  not  bright  in  ap- 
pearance. Better  deposits  were  obtained  by  usixig  a  Winkler  gauze  dec- 
trode.  The  solutions  were  made  in  a  platinum  dish  and  then  poured  into 
a  ceresin  beaker. 

Vol.  250  CO.,  containing  40  cc.  i  :  5  HNOi,  2  cc.  48%  HF  and  Sb,  0.2 113  to  0.3462  g.; 
Sn,  0.2032  to  0.3098  g.;  E.  M.  F.,  2  volts;  Time,  overnight. 

Current,  ampere 0.05  0.03  0.03  0.03  0.03 

Gram  Ag  taken 0.0190        0.0313        0.0326        0.0303        0.0321 

Gram  Ag  found 0.0186        0.0311        0.0323        0.0299        0.0320 

One  of  us  (F.)  made  the  following  determinations  in  a  solution  of  un- 
known concentration  as  to  silver.    The  silver  was  deposited  on  a  gauze 
electrode  and  under  the  above  conditions. 
*  This  Journai,,  36,  2376  (1914). 
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Sb,  0.1997  to  0.3032  g.;  Sn,  0.X060  to  0.1166  g.;  E.  M.  F.»  2  volts;  Time,  overnight. 

Current,  ampere 0.05  0.03  0.03  0.03 

Ag,  taken 25  cc.  of  sotn. 

Gram  Ag 0.0323        0.0326        0.0325        0.0322 

The  solution  was  prepared  by  dissolving  o.  2616  g.  pure  silver  in  a  little 
nitric  add  and  diluting  to  200  cc.,  so  that  25  cc.  =  0.0327  g.  Ag. 

Separation  of  Mercury  from  Tin  and  Antimony. — ^8.0603  g.  of  pure, 
redistilled  mercury  were  dissolved  in  about  15  cc.  of  concentrated  nitric 
add,  and  diluted  to  a  liter.  lu  25  cc.  portions  the  mercury  was  deter- 
mined (i)  in  nitric  acid  solution  alone,  and  (2)  in  nitrohydrofluoric  add. 
The  deposits  were  washed  with  alcohol  and  ether,  and  dried  in  a  vacuum 
desiccator  over  caldum  chloride.  The  desiccator  also  contained  a  small 
vessel  full  of  mercury. 

Taken,  0.2015  g.  Hg;  20  cc.  HNOj  (t  :  5);  Current,  0.5  amp.;  E.  M.  P.,  3  volts;  Time, 

overnight;  Vol.,  100  cc 

CcHF(48%) 0.0  0.0  0.5 

Gram  Hg  found 0.2017        0.2016        0.2017 

The  tin  and  antimony  were  first  disstplved  in  a  platinum  dish,  covered 
with  a  piece  of  platinum  foil,  in  20  cc.  of  nitric  (1:5)  and  5  cc.  hydrofluoric 
adds,  the  solution  being  hastened  by  the  application  of  a  very  gentle  heat. 
The  solution  of  mercury  was  then  rtm  in  from  a  pipet,  any  antimony  in 
the  lower  state  of  oxidation  converted  into  the  higher  by  means  of  a  slight 
excess  of  a  saturated  solution  of  potassium  bichromate,  the  volume  of 
the  liquid  brought  to  about  100  cc.,  and  the  current  applied. 

Hg  taken,  0.2015  g.;  Sn,  0.1863  to  0.2124  g.;  Sb,  0.0857  to  0.1x62  g.;  £.  M.  F.,  3  vdts; 

Time,  overnight. 

Current,  ampere 0.50  0.50  0.45  0.40  0.50 

Gram  Hg  found 0.2018        0.2016        0.2014        0.2017        0.2012 

Subtract  Ft  found 0.0002  o.oooi  

A  series  of  determinations  in  which  roughly  twice  as  much  antimony 
and  one-half  as  much  tin  were  taken,  yielded  results  fully  as  accurate 
as  those  just  given. 

Vol.  100  cc,  containing  20  cc.  HNO2  (i  :  5)  and  5  cc.  HF  and  Hg  taken,  0.2015  g.; 
Sn,  0.1005  to  0.1087  g.;  Sb,  0.1998  to  0.2262  g.;  E.  M.  F.,  3  volts;  Time,  overnight. 

Current,  ampere 0.45  0.45  0.30  0.25  0.30 

Gram  Hg  found 0.2014        0.2013        0.2010        0.2020        0.2016 

Subtract  Ft  fotmd 0.0001        0.0001  0.0004  

Equally  good  results  for  mercury  were  obtained  by  using  as  little  as  i 
cc.  of  hydrofluoric  add. 

Vol.  100  cc.,  containing  20  cc.  HNOj  (i  :  5)  (except  in  (5)  where  30  cc.  were  used). 

Hg  taken,  0.2015  g.;  Sn,  0.2004  to  0.2 141  g.;  Sb,  0.1023  to  0.Z170  g.;  E.  M.  F.,  about  3 

volts;  Time,  overnight. 

Current,  ampere 0.45  0.45  0.40  0.40  0.40 

Gram  Hg  found 0.2014        0.2015        0.2018        o.aoi6        0.20x2 

Subtract  Pt  found 0.0002        0.0001        0.0002        0.0003        0.0002 
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The  method  was  subjected  to  further  variations  in  the  amounts  of  mer- 
cury, tin,  antimony,  etc.,  the  following  results  being  obtained: 

Sn,  0.2066  to  0.4000  g.;  Sb,  0.2338  to  0.4187  g.;  Cturent,  0.35  amp.;  E.  M.  P.,  about  3 

volts;  Time,  overnight. 

Cc.  HNOt 40  35  40  50 

Cc.  HP(48%) 2223 

Gram  Hg  taken 0.4030  0.4030  0.2015  0.2015 

Gram  Hg  found..... , 0.4033  0.4026  0.2012  0.2013 

The  time  required  for  the  precipitation,  as  given  in  the  foregoing  tables, 
may  seem  unnecessarily  long,  and  doubtless  is.  We  found  it  convenient 
to  start  the  runs  in  the  evening  and  end  them  next  morning.  Probably 
all  the  mercury  is  down  in  six  hours. 

When  tungstates  and  molybdates  of  the  alkali  metals  are  warmed  with 
dilute  nitric  or  sulfuric  adds  containing  some  hydrofluoric  acid,  clear  and 
limpid  solutions  are  obtained  upon  which  an  electric  current  has  no  re- 
ducing action.  In  comparison  with  solutions  of  stannic  and  antimonic 
acids  containing  hydrofluoric  add,  the  following  facts,  which  have  been 
established  by  careful  experimental  work,  are  interesting: 

(i)  A  solution  of  stannic  add  containing  hydrofluoric  acid  is  not  re- 
duced by  the  dectric  current,  nor  by  warming  with  an  excess  of  metallic 
zinc,  nor  by  hydrogen  sulfide. 

(2)  A  solution  of  antimonic  add  containing  hydrofluoric  add  is  not  re- 
duced by  the  electric  current,  nor  by  warming  with  an  excess  of  metallic 
zinc,  but  it  is  slightly  reduced,  although  very  sluggishly,  by  hydrogen 
sulfide,  a  small  amount  of  antimony  sulfide  being  predpitated. 

(3)  A  solution  of  tungstic  add  containing  hydrofluoric  add  is  not  re- 
duced by  the  dectric  current,  but  it  is  reduced  by  metallic  zinc.  Hydro- 
gen sulfide  occasions  no  predpitation  of  tungstic  sulfide.^ 

(4)  The  behavior  of  a  solution  of  molybdic  add  containing  hydrofluoric 
add  toward  the  current  and  metallic  zinc  is,  in  general,  similar  to  that 
shown  by  a  corresponding  one  of  tungstic  acid.  Hydrogen  sulfide,  how- 
ever, predpitates  MoSs  slowly  from  a  hot  hydrofluoric  add  solution.^ 

Separation  of  Copper  from  Tungsten. — ^A  nitric  add  solution  of  elec- 
trolytic copper  was  used.  Found:  25  cc.  =  0.2005  g.  Cu  (average  of  5 
well-agreeing  determinations). 

A  solution  of  tungstic  add  of  convenient  strength  was  prepared  by- 
dissolving  8.0001  g.  of  purified  tungstic  add  in  a  little  caustic  potash, 
filtering  the  solution  and  diluting  the  filtrate  to  a  liter.  The  W0|  present 
was  determined  according  to  the  method  recommended  by  Treadwell.* 
Found:  25  cc.  =  o.  i779g.  WOa  (averageof  3  well-agreeing  determinations). 
^  In  regard  to  this,  as  well  as  some  of  the  foregoing  reactions,  see  A.  A.  Noyes. 
"A  System  of  Qualitative  Analysis,  Including  Nearly  All  the  Metallic  Elements,  Part 
11/'  Tech.  Quart.,  17,  314  (1904);  also  McCay,  Tms  JovstXAi,,  31,  373  (1909)- 
*  Tteadwell,  "Quantitative  Analysis/'  1908,  p.  aaS. 
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Vol.  100  cc.,  containing  0.2005  S-  copper,  0.1779  S-  tungstic  acid,  5  cc.  cone.  HNOi, 

and  5  cc.  HP.    E.  M.  P.,  about  3  volts;  Ciurent,  0.33  amp.;  Time,  overnight. 
Oram  Cu  found  (cor.  for  Ft) 0.2001    0.2003    0.3004    0.2006    0.2003    0.2001 

The  deposits  were  compact,  adherent  and  usually  salmon-pink  in  color. 
Occasionally  they  presented  quite  a  burnished  appearance.  They  always 
contained  a  little  platinum,  but  never  more  than  half  a  milligram.  In 
the  next  series  both  the  copper  and  the  ttmgstic  anhydride  were  deter- 
mined. The  quantities  of  copper,  tungstic  acid  and  of  nitric  and  hydro- 
fluoric  adds  used  were  the  same  as  those  just  given.  The  ctirrent  ran 
overnight. 

Giam  Cu  found  (oor.  for  Pt) 0.8003    o.aooi    0.3007 

Gram  WOi  found o.  1776    o.  1771    o.  1780 

In  each  case  the  liquids  and  washings  siphoned  off  from  a  copper  de- 
posit were  evaporated  in  a  platinum  dish  to  dr3mess,  and  the  tungstic 
anhydride  was  determined  according  to  the  method  recommended  by 
Treadwell.* 

Separation  of  Copper  from  Molybdenum. — ^The  copper  solution  was 
the  one  we  employed  in  the  separation  of  the  metal  from  tungstic  acid. 
25  cc.  of  the  molybdic  acid  solution  used  in  the  first  separations  contained 
0.3026  gram  MoOs.' 

Vol.  of  solution,  nitric  and  hydrofluoric  adda,  as  under  separation  of  copper  from  tung^ 

sten.    The  current  ran  overnight. 
0.2005  S-  Chi  and  0.3026  g.  MoOi  taken  (0.4010  Cu  in  7;  0.6053  MoOt  in6);  £.  M.  P., 

3.5  to  3  volts. 

Current,  ampere 0.33        0.50        0.50        0.33        0.33        0.33        0.33 

Gram  Cu  (cor.  for  Ft)...  0.2006    0.2006    0.2006    0.2001    0.3004    0.1997    0.4013 

All  of  the  deposits  were  bright,  and  some  of  them  of  a  btunished  appear- 
ance. They  were  not  in  all  cases  distributed  uniformly  over  the  surface 
of  the  dish,  but  we  noticed  no  tendency  on  the  part  of  the  metal  to  scale 
off,  or  separate  out  in  spongy  form.  The  results  of  some  determina- 
tions of  the  molybdic  anhydride  in  the  liquids  from  which  the  copper 
had  been  deposited  prove  that  the  method  is  very  satisfactory. 

In  aU  the  separations  of  copper  from  molybdenum  we  detected  platinum 
in  the  former  metal.  The  amount,  however,  never  exceeded  half  a  milli- 
gram. 

Separation  of  Copper  from  Tungsten  and  Molybdenum.— The  solution 
electrolyzed  contained  in  each  case  0.1779  g.  WOs,  0.3026  g.  MoOs, 
0.2004  g'  Cu,  the  quantities  of  nitric  and  hydrofluoric  adds  above 
specified,  and  the  volume  amounted  to  about  100  cc.  Current,  0.33 
ampere;  £.  M.  P.,  2.3  to  2.6  volts;  ran  overnight. 

^Loc.cU. 

'  The  determinations  were  made  according  to  the  directions  given  by  TreadweU. 
See  his  "Quantitative  Analysis/'  1908,  p.  222. 
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Gram  Cu  found  (cor.  for  Pt) 0.2002    0.2003    0.2001    0.2004    0.2006 

In  the  determinations  with  rotating  anodes  which  follow,  the  degree 
of  dilution  of  the  solutions,  the  acid  concentrations,  amounts  of  timgstic 
and  molybdic  adds  present,  etc.,  were  the  same  as  before. 
0.2010  g.  Cu  taken.     R.  P.  M.  of  anode,  550-650. 

Current,  amperes 4.00  1.75  i.oo  1.75  1.75 

E.  M.  P.,  volts. 3.5  3.0  3.0  4.0  4.0 

Time,  min 65  70  60  60  60 

Gram  Cu  found  (cor.  for  Pt) 0.2012        0.2010        0.2008        0.2009      0.40x8 

The  separation  of  lead  £is  lead  peroxide  from  tungstic  and  molybdic 
acids  in  nitrohydrofluoric  add  solution  is  complete,  but  the  peroxide 
deposited,  even  after  it  is  dried  to  constant  wdght  at  200**,  is  deddedly 
too  heavy.  This  fact  has  already  been  referred  to.  In  Col.  I  of  Table  I 
are  the  results  of  the  determinatioas  of  the  lead  in  25  cc  portions  of  a 
standard  solution  of  pure  lead  nitrate  containing  6.001  g.  of  the  salt  in  a 
liter.  In  Col  II  are  the  weights  of  the  peroxide  found.  The  deposits 
were  obtained  by  adding  20  oc.  cone,  nitric  add  to  25  cc,  of  the  solution, 
diluting  with  water  to  100  oc.  and  submitting  the  Uquid  to  the  action  of 
the  current.  When  a  rotating  electrode  was  employed  predpitation  was 
complete  in  an  hoiu*.  When  the  predpitation  was  carried  out  in  the  ordi- 
nary way  the  current  was  allowed  to  act  overnight.  In  Col.  Ill  are  the 
values  for  lead  peroxide  obtained  after  dissolving^  some  of  the  deposits 
whose  weights  are  given  in  Coltmin  II,  in  nitric  add  and  again  electro- 
lyzing  the  solutions  under  the  same  conditions,  but  with  the  addition  of  5 
cc.  of  HF.  Col.  V  contains  the  wdghts  of  lead  obtained  by  converting 
the  two  deposits  whose  wdghts  are  given  at  the  end  of  Col.  Ill  into  nitrate 
of  lead,  igniting  it  and  weighing  the  oxide.  In  Col.  IV  we  have  the  over- 
weights in  milligrams,  which  are  due  to  water  and  fluorine  in  some  farm, 
and  in  the  last  column  but  one  the  times  during  which  the  current  acted 
in  predpitating  the  peroxide  whose  wdghts  are  given  at  the  end  of  CoL 
III. 

Tablb  I. 
I.  n.  ni.       IV.  V. 

Gram.       Oram.     Amps.  Volti.  Time.  Oram.      Mg.       Time  Qnon, 

0.0937     0.1082     4.0    3.5  I  hr.  

0.0940    0.1085    0.5    2.0  Overnight  0.1097     1.2     

0.0942    0.1087    Q.5    2.0  Overnight  

0.0940    0.1085    4.0    3.5  I  hr.  

0.0940    0.1085    4.0    3.5  I  hr.  0.1095     i-o    Overnight 

0.0940    0.1085    4-0    3.5  I  hr.  o.iioo    1.5    Overnight  0.0933 

0.0942    0.1087    4.0    3.5  I  hr.  o.zioo    1.5    Oveniiglit         0.0938 

Calculated:  25  cc.  «  0.0938  g.  Pb.    Found:  35  cc  »  0.0940  g.  (avexBge  of  I)  and  35 
cc.  =  0.0935  (average  of  V). 

^  20  cc.  cone,  nitric  add  are  put  in  the  dish,  water  is  poured  in  until  the  deposit  is 
covered,  and  the  direction  of  the  current  is  reversed. 
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The  lead  peroxide  was  deposited  in  a  Classen  dish  roughened  by 
means  of  a  sand  blast.  Since  this  dish  is  made  the  anode,  and  a  large  sur- 
face is  consequently  exposed  to  the  action  of  oxygen,  which  in  the  pres- 
ence of  hydrofluoric  add  has  a  slight  action  on  platinum,  it  may  lose  in 
weight  during  the  electrolysis,  and  should,  therefore,  be  reweighed  after 
dissolving  out  the  peroxide  with  dilute  nitric  acid  containing  2-3  cc.  of 
pure  3%  hydrogen  peroxide. 

The  Separation  of  Lead  from  Tungsten. — ^The  lead  solution  was  the  one 
employed  in  making  the  immediately  preceding  determinations.  The 
tungsten  solution  contained  in  25  cc.  o.  1812  g.  WOs  (average  of  3  well- 
agreeing  determinations).  . 

The  results  of  our  work  are  embodied  in  Table  II.  In  each  case  o .  0938 
g.  Pb,  o.  1812  g.  WOs,  20  cc.  cone.  HNOi  and  5  cc.  HP  were  present  in  a 
total  volume  of  100  cc.  The  weights  of  the  PbOa  deposited  from  nitrohydro- 
fluoric  add  solution  are  given  in  the  first  row,  and  the  weights  of  the 
PbOj  repredpitated  from  nitric  add  solution  alone  in  the  second.  The 
third  row  contains  the  amounts  of  lead  found,  calculated  from  the  weights 
as  given  in  the  second,  and  the  fourth  row  the  values  for  lead  obtained 
by  dissolving  the  deposits,  whose  weights  are  given  in  II  and  I  (5,  6,  7), 
in  a  little  nitric  add  and  pure  3%  hydrogen  peroxide,  evaporating  the 
solutions  to  dryness,  igniting  the  residue  and  wrighing  the  lead  oxide. 

Tabls  II. 
Current,  0.5  amp.;  E.  M.  P.,  2.5  volts;  Time,  overnight. 

I,  gram 0.1121    0.1127    0.1117    0.1125    0.1118    0.1125    0.1127 

II,  gram 0.1079    o.io88    0.1087    0.1085       

Ill,  gram 0.0934    0.0943    0.0942    0.0940       

rv,  gram 0.0935    0.0941    0.0941       0.0942    0.0941    0.0940 

It  will  be  observed  that  the  wdghts  of  the  deposits  in  the  first  row 
are  from  3-4  mg.  in  excess  of  what  they  are  in  the  second.  The  over- 
weights are,  as  has  been  already  said,  due  partly  at  least  to  fluorine. 

In  the  next  series  of  determinations  both  lead  and  ttmgstic  acid  were 
estimated.  In  each  case  25  cc.  of  the  lead  (o .  0938  g.  Pb)  and  of  the  tungstic 
add  solutions  (0.1812  g.  WOg)  were  pipetted  into  a  weighed  platinum 
dish,  5  cc.  of  hydrofluoric  and  2p  cc.  of  concentrated  nitric  adds  were 
added,  the  liquid  was  diluted  to  about  100  cc.  and  the  current  applied  over- 
night (0.5  A.  and  at  2.5  V.).  Since  dilute  nitrohydrofluoric  add  at- 
tacks lead  peroxide  quite  slowly,  the  liquid  above  the  deposits  was  not 
siphoned  off  but  poured  off  into  a  large  ceresin  beaker  immediatdy  after 
the  current  had  been  broken.^  The  peroxide  was  then  washed  as  rapidly 
as  possible  with  small  amounts  of  water.  After  removing  the  hydro- 
fluoric add  by  evaporating  the  solution  with  cone,  nitric  add  in  platinum, 

»  This  Joubkai*,  36, 2380. 
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the  tungstic  anhydride  was  determined  as  before.  The  lead  peroxide 

was  dissolved  and  redeposited. 

Gram  Pb  found 0.0937  0.0939  0.0948        0.0943 

Gram  WOs  found 0.1797  0.18x5  0.1806        0.1805 

The  Separation  of  Lead  from  Molybdenum. — ^The  molybdic  add  solu- 
tions used  in  the  previous  work  were  here  employed,  o .  3026  g.  MoOs  being 
present,  and  other  conditions  as  in  the  preceding.  The  lead  was  deter- 
mined as  oxide  or  sulfate. 

Gram  PbOs found 0.1106        0.1106        0.1103        0.1107        0.1115        0.1114 

Gram  Pb  found 0.0933        0.0935        0.0933        0.0933        0.0934        0.0935 

The  fact  that,  in  the  separation  of  copper  and  merciuy  from  tin,  anti- 
mony, tungsten  and  molybdenum,  small  amoimts  of  platinum  are  pre- 
cipitated along  with  the  former  metals,  is  paralleled  in  these  lead  separa- 
tions by  the  fact  that  the  cathode  gains  steadily  in  weight.  The  deposit 
is  tmdoubtedly  platinum,  for  it  is  insoluble  in  all  the  ordinary  solvents. 
Moreover,  if  such  a  discolored  electrode  be  used  in  a  copper  or  mercury 
determination  it  gradually  brightens  and  sometimes  the  metal  deposited 
will  contain  a  milligram  of  platinum.  The  following  are  five  successive 
gains  of  the  cathode  employed  in  the  last  series  of  separations: 
0.0002;  0.0002;  0.0002;  0.0003;  0.0002  »  o.ooii  g. 

We  also  made  some  determinations  of  the  molybdenum  present  in  the 
liquid  from  which  the  lead  had  been  removed.  The  Uquid  was  not 
siphoned  off  but  poured  off  into  a  large  ceresin  beaker  the  instant  the  cur- 
rent  was    broken.     Calculated,    0.0939    K-  ^^    and   0.2245    g.   MoOs. 

Gram  Pb  fotmd 0.0939        0.0941        0.0933 

Gram  MoOs  fotmd 0.2253        0.2244        0.2238 

The  lead  was  weighed  as  Pb02  after  solution  and  redeposition. 

The  Separation  of  Lead  from  Tungsten  and  Molybdenum. — ^The  method 

of  procedure,  conditions,  etc.,  will^  be  evident  from  what  has  gone  before. 

The  lead  was  determined  by  converting  the  peroxide  into  the  sulfate. 

The  weights  of  the  Pb02  deposits,  as  well  as  the  overweights,  are  given 

for  the  purpose  of  comparison. 

0.0939  g.  Pb;  0.1812  g.  WOi;  0.3026  g,  MoOi  taken. 

Gram  Pb  found 0.0943        0.0939        0.0932        0.0939        0.0946 

Gram  PbOs  found 0.1113        o.li2i        0.1131        0.1116        o.iii6 

Milligrams  overweight 2.9  3.7  4.7  3.2  3.2 

It  will  be  noted  that  when  tungstic  and  molybdic  acids  are  present, 
the  overweights  are  considerably  greater  than  they  are  when  the  per- 
oxide is  precipitated  from  nitrohydrofluoric  acid  solutions  alone.  The 
overweights  are,  as  we  have  already  stated,  due  partly,  possibly  almost 
wholly,  to  fluorine  in  some  form.  Peroxide  of  lead  is  decomposed  with 
difficulty  by  concentrated  sulfiuic  acid,  but  on  long  heating  to  a  point 
just  below  that  at  which  the  add  begins  to  ftune  the  transformation  into 
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the  sulfate  is  almost  complete.  The  residue  is  never  white,  but  of  a  pink 
color.  In  testing  for  fluorine  we  have  made  use  of  a  device  which  dis- 
penses with  waxed  or  paraffined  watch  glasses.  The  peroxide  which  has 
been  deposited  in  a  smooth  platinum  dish,  from  which  most  of  it  can 
generally  be  easily  removed,  is,  after  a  thorough  washing,  and  drying  at 
200°,  ground  to  an  impalpable  powder  in  a  small  agate  mortar,  and  a  con- 
venient amount  is  weighed  out  in  an  ordinary  platinum  crucible.  A 
little  concentrated  sulfuric  acid  is  added  and  the  mass  well  stirred  with  a 
small  platinum  spattda.  A  platinum  Gooch,  with  a  mouth  of  which  the 
diameter  is  somewhat  less  than  that  of  the  other  crucible,  is  inverted  and 
forced  gently  into  the  lower  crucible  until  it  remains  in  place  and  upright. 
A  fairly  tight  joint  between  the  two  is  thus  obtained.  Over  the  holes  in 
the  Gooch  is  placed  a  small  glass  cover,  such  as  is  employed  in  micro- 
scopical work,  and  the  bottom  of  the  lower  crucible  is  heated  with  a  tiny 
flame  to  a  temperature  barely  high  enough  to  make  the  sulfuric  add  fume. 
At  the  end  of  half  an  hour  the  cover  is  removed,  washed  and  dried.  All 
the  samples  of  lead  peroxide  deposited  from  nitrohydrofluoric  add  solu- 
tion which  we  examined  in  this  way  (we  used  from  o.  1-0.3  g-  for  a  test) 
gave  us  fine  reactions  for  fluorine.  In  most  cases  perfect  patterns  of  the 
perforated  surface  on  which  the  glass  cover  rests  were  obtained.  It  is 
hardly  necessary  to  state  that  we  convinced  oursdves  by  numerous  blank 
experiments  that  the  acid  alone,  as  well  as  mixed  with  peroxide  free  from 
fluorine,  had  no  acticMi  on  the  glass.  The  test  is  exceedingly  delicate, 
for  by  means  of  it  we  have  had  no  trouble  in  detecting  o .  0001  g.  of  fluorine. 
If  a  platinum  Gooch  is  not  at  hand,  cover  the  crudble  containii^^  the  mix- 
ture of  fluoride  and  concentrated  sulfuric  add  with  a  piece  of  platinum 
foil,  in  which  a  number  of  small  holes  have  been  pierced  with  a  needle, 
press  it  down  firmly  and  place  the  glass  slip  over  the  holes.  ^ 

Separation  of  Mercury  from  Tungsten. — ^The  following  determinations 
of  mercmy  in  the  presence  of  tungstic  add  show  that  the  method  is  very 
satisfactory.  Everything  worked  well  from  start  to  finish,  and  the  ap- 
pearance of  the  mercury  deposits  left  nothing  to  be  desired.  The  solution 
in  each  case,  when  ready  for  electrolysis,  amounted  to  from  100- 1 10  cc., 
and  contained  o.  1779  g.  WO»,  5  cc.  cone.  HNOj,  and  5  cc.  48%  HF.  The 
current  ran  overnight. 

Current,  ampere 0.5  0.5  0.5  0.5  0.3  0.5 

B.M.P.,  volts 4.0  3.0  2.8  3.0  3.5  2.3 

GrEun  Hg  taken 0.2006  0.2006  o.aoo6  0.40x2  0.401a  0.40x2 

Mg.Pt found 0.3  0.3  0.1  0,5  0.3  O.I 

Gram  Hg  found  (cor.) 0.2006  0.200Z  0.2001  0.4013  0.4020  0.4021 

^  This  modification  of  the  usual  method  for  testing  for  fluorine  is  not  mentioned  in 
the  treatises  of  Fresenius,  Classen  and  Treadwell.  We  had  supposed  that  the  device 
was  new,  but  find  that  it  was  suggested  by  P.  von  Kobell  in  1864.  See  J.  prakt.  Ckitn.^ 
9a,  389  (1864). 
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Separation  of  Mercury  from  Molybdenum. — Our  first  results  were 
unsatisfactory.  The  mercury  deposits  were  gray,  spotted  here  and  there 
with  black  specks,  and  from  2-6  mg.  higher  than  they  should  have  been. 
The  solutions  too,  which  were  originally  colorless,  became  in  the  course 
of  time  faintly  greenish  yellow,  and  the  platinum  dish  employed  was  at- 
tacked to  an  unusual  degree.  The  losses  in  weight  of  the  dish  were  very 
irregular,  varying  from  2-7  mg.  We  have  found,  however,  that  by  em- 
plo3ring  a  relatively  low  electromotive  force  (less  than  2  volts)  the  separa- 
tion is  complete  and  satisfactory,  the  only  irregularity  being  the  loss  in 
weight  suffered  by  the  dish  when  the  mercury  deposits  were  dissolved 
in  nitric  acid.  The  weight  of  the  anode  remains  practically  constant, 
and  this  was  our  experience  in  separating  silver  from  tin  and  antimony, 
where  a  small  electromotive  force  was  employed. 

The  determinations  of  mercury  which  follow  were  made  with  a  solution 
containing  0.2083  g.  mercury  per  25  cc.    Barring  the  low  electromotive 
force  the  conditions  were  about  the  same  as  those  generally  observed. 
0.2032  to  0.2222  g.  MoOi  taken;  Current,  o.i  amp.;  B.  M.  P.,  1.4  to  1.6  volts;  Time, 

overnight. 

Gram  Hg  found 0.2079    0.2077    0.2078    0.2080    0.2085    0.2086    0.2086 

Mg.  anode  loss 0.3  o.i  o.i  0.3  o.i  0.0  0.0 

Cold  nitric  acid  of  1.26  sp.  gr.  dissolves  quite  readily  the  bright  mer- 
cury deposits,  but  a  ^ay  film  always  remains  on  the  dish,  which  disap- 
pears slowly  but  completely  on  warming  the  add.  It  dissolves  more 
rapidly  in  concentrated  nitric  acid.  The  cold  dilute  nitric  add  solution 
contains  most  of  the  mercury  and  a  small  amount  of  platinum,  while  the 
solution  of  the  gray  film,  in  addition  to  the  rest  of  the  mercury,  contains 
a  comparativdy  lax;ge  amount  of  platinum.  When  such  a  solution, 
after  dialysis,  is  evaporated  to  dryness  in  a  porcelain  crudble  and  the 
residue  strongly  ignited,  a  small  amount  of  a  black  substance  remains 
which  dissolves  only  in  aqua  regia,  and  gives  with  stannous  chloride  fine 
reactions  for  platinum.  The  loss  in  wdght  of  the  dish  amounted  to  2.5 
mg.,  which  is  the  average  of  a  number  of  determinations.  That  the 
dissolved  platinum  can  be  recovered  will  be  evident  from  the  following 
results.  They  correspond  to  the  determinations  of  mercury  given  in 
the  preceding  tabulation. 

Dishlost,mg 1.2        0.9        3.4        4.5         1.9         1.8        3-4        <*5 

Ptini:iHNOi 0.6        0.6 

Pt in  cone.  HNOi 1.3         i-^        2.4        4.5        2.6        1.3        3.2         1.5 

Just  what  role  is  here  played  by  the  molybdenum  we  are  unable  to  say. 
It  certainly  accelerates  the  rate  at  which  the  dish  is  attacked,  and  condi- 
tions the  formation  of  the  gray  film.  The  usual  loss  in  weight  of  a  dish 
when  mercury  is  deposited  from  its  dilute  nitric  add  solution  alone  is 
never  over  0.5  mg.    The  molybdic  add  emplo3red  had,  as  said,  been 


Digitized  by  VjOOQIC 


USB  OI^  HYDROFLUORIC  ACID  IN  SEPARATING  HEAVY  METALS.       65  X 

digested  for  a  long  time  with  boiling  cone,  nitric  add.  It  dissolved  in 
ammonium  hydroxide  without  leaving  any  residue,  and,  tested  according 
to  the  directions  given  by  Merck,  ^  gave  no  reactions  for  heavy  metals. 

Separation  of  Mercury  from  Tin,  Antimony,  Tungsten  and  Molyb- 
denum.— Very  satisfactory  results  were  obtained  by  one  of  us  (F.)  in  de- 
termining the  amount  of  mercury  present  in  a  solution  of  unknown  con- 
centration. 

Vol.  soln.,  loo-iio  cc.  containing  approx.  0.2  g.  Sn,  o.i  to  0.25  g.  Sb,  0.2  g.  WOt  and 

0.2  to  0.26  g.  MoOs;  Ciurent,  o.i  amp.;  E.  M.  F.,  1.4-1.5  v.;  Time,  overnight. 

(Double  quantities  of  Hg  were  taken  in  last  two  determinations.) 

Dish  lost,  mg 3.2  1.5  1.5  2.0  1.8 

Ptfound^mg .3.1  1.9  1.2  2.4  2.3 

Gram  Hg  found 0.1565        0.1570        0.1558        0.3157        0.^124 

Average  for  25  cc.  »  0.1565  g.    Should  be  0.1565.    Weight  ai  anode  remained  constBiit. 

Separation  of  Silver  from  Tin,  Antimony,  Tungsten  and  Molybdentmi. 
— ^The  conditions  here  observed  were  very  similar  to  those  described  in 
connection  with  the  separation  of  silver  from  tin  and  antimony,  but  the 
solutions  were  held  in  a  ceresin  beaker  and  the  metal  was  deposited  on  a 
Winkler  gauze  electrode. 

Vol.  of  soLn.,  250  cc.  containing  0.020  g.  Ag,  o  to  0.2  g.  Sn,  o  to  0.1  g.  Sb,  o  to  0.14  g. 
WOs  and  p.i  to  0.22  g.  MoOi;  Current,  0.05  amp.;  E.  M.  P.»  i  volt;  Time,  overnight. 

GramAgfound 0.0198        0.0197        0.0200        0.0x99        0.0198       0.0200 

Wt.  of  anode  constant  as  result  of  low  E.  M.  F.     No  correction  for  Pt. 

Silver  can  be  separated  from  all  the  above-mentioned  metals  in  one 
hoiu-  by  using  a  rotating  anode. 

Vol.  of  soln.,  250  oc  oontaimng  apiMrox.  0.2  g.  Sb,  Sn,  WOt,  and  MoOt  each.    Current, 
0.5-0.75  amp.;  E.  M.  F.,  2.2  to  2.75  v.;  R.  P.  M.,  500-550;  Time,  40  minutes. 

Gram  Ag  taken 0.0375        0.0375        0.0375        0.0200        0.0200 

GramAgfound 0.0380        0.0379        0.0373        0.0197        0.0262 

The  silver  deposits  were  light  gray,  compact,  and  fiurmly  adherent. 
The  anode  used  was  a  long  platinum-iridium  spatula,  and  was  not  at- 
tacked during  the  series  of  determinations,  as  its  weight  was  found  to  re- 
main constant.     Hence  no  corrections  were  necessary. 

Additional  Facts  oa  the  Separation  of  Copper  from  Other  Metals  by 
fhe  HF  Method. — Copper  can  be  separated  from  tin,  antimony,,  timgsteii 
and  molybdenum,  when  all  of  these  metals  are  present  in  nitrohydrofluoric 
acid  solution,  observing  the  usual  conditions  of  voltage,  diluttoo,  etc. 
Further,  if  a  voltage  of  less  than  2 .  o  be  used,  copper  can  be  quantitatively 
separated  from  arsenic,  or  arsenic  and  the  four  elements  mentioned. 

These  facts  will  be  evident  from  the  results  given  in  the  following 
tabulation.  The  procedure  will  be  obvious  from  preceding  descriptions. 
^  "Chemical  Reagents,"  Merck  &  Ca,  Z9Z4. 
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0.2010  g.  Cu  taken  and  o  to  0.2  g.  Sn,  o  to  0.2  g.  Sb,  o  to  0.2  g.  WOi,  o  to  0.22  g.  MoOi, 

o  to  0.5  g.  KHsAsO«. 

Current,  ampere 0.25      0.2        o.x        o.i        o.i        0.05      o.i        o.i 

E.  M.  P.,  volts 2.4        2.4        1.4        1.4        1.4        X.3        1.7        1.7 

Gram  Cu  found 0.2013  0.2012  0.2015  0.2009  0.2011  0.2011  0.2011  0.20x0 

The  first  two  results  given  have  the  copper  value  corrected  for  platinum 
present.  In  the  last  six  determinations  no  correction  is  made,  for  although 
in  some  cases  a  faint  qualitative  reaction  for  platinum  was  obtained,  in 
no  case  was  there  a  weighable  amount  deposited  with  the  copper. 

As  an  example  of  the  inunediate  practical  application  of  the  HP  method 
for  separating  copper  from  W,  Mo,  etc.,  we  offer  the  following  determina- 
tions of  the  copper  in  an  alloy  (No.  117)  prepared  by  S^  W.  Parr.^  Mr. 
S.  P.  Cox  was  kind  enough  to  furnish  us  with  a  sample  of  the  alloy.  Ac- 
cording to  the  analysis  of  Rowland  and  Braley,  the  alloy  contains 
6.42%  Cu. 

We  find:  6.37;  6.59;  6.44;  average,  6.46. 

A  number  of  interesting  theoretical  matters  have  come  up  in  connec- 
tion with  the  use  of  hydrofluoric  add  in  electrochemical  analysis.  Some 
of  these  are  being  investigated. 

Prxmoitok.  N.  J. 


NOTE, 

Note  on  a  Convenient  Dip  Electrode. — In  the  determination  of  the  con- 
ductivity value*  and  of  the  volumetric  lead  number*  of  maple  S3rrups,  con- 
ductivity cells  with  very  rigid  electrodes  are  required,  so  that  the  distance 
between  the  electrodes  may  not  be  altered  in  stirring  the  somewhat  visoous 
diluted  S3rrup.  The  cell  recommended  by  Snell^  is  unsuitable  for  the 
volumetric  lead  determination,  inasmuch  as  the  precipitate  settles  upon 
the  horizontal  electrodes.  Its  unprotected  electrodes  are  also  subject  to 
accidental  displacement. 

The  small  dip  electrode*  used  in  beginning  the  work  on  the  determina- 
tion of  the  volumetric  lead  number  of  maple  S3rrup,  also  proved  to  be  un- 
satisfactory, since  the  electrodes  were  much  too  small  and  were  also  sub- 
ject to  displacement  when  the  diluted  S3rrups  were  stirred. 

The  writer  overcame  these  disadvantages  by  designing  the  electrode 
shown  in  the  illustration.  It  consists  of  a  hard  glass  cylinder  6.5  cm. 
high  by  3.7  cm.  in  diameter  open  at  both  ends.  One  end  is  fitted  with  a 
vulcanite  cap,  B,  and  is  fastened  to  the  cylinder  by  means  of  set  screws. 
^  "An  Acid-Resisting  Alloy  to  Replace  Platinum  in  the  Coostruction  of  a  Bomb 
Calorimeter,"  Tms  Joukmal,  37,  3515  (iQis)* 

*  Snell,  /.  Ind,  Eng.  Chem.,  5,  740  (19x3)* 

*  Sndl,  MacParlane  and  Van  Zoertn,  Ibid.,  8»  341  (1916). 
« Loc.  cii. 

*  Snell,  /.  Ind.  Eng,  Chem,,  8,  144  (1916). 


Digitized  by  VjOOQIC 


RBARRANGEBfBNT  OF  ISO  INTO  TRRTIARY  BUTYL  BROMIDE.  653 

A  thermometer  and  two  glass  tubes  pass  through 
the  cap.  The  hole  C  allows  the  air  to  escape  when 
the  electrode  is  immersed  into  a  solution.  The  plati- 
nimi  connecting  wires,  which  are  welded  to  the  elec- 
trodes, are  protected  by  being  sealed  in  the  tubes  E, 
in  which  mercury  is  placed  to  connect  the  electrodes 
with  the  bridge  leads. 

The  electrodes  A  are  of  No.  30  B  &  S  gauge  plati- 
num foil  2x2  cm.  squares  set  one  cm.  apart.  They 
are  firmly  fastened  together  by  means  of  fotu*  glass 
pins  as  shown  (D).  The  pins  have  small  enlarge- 
ments two  millimeters  from  each  end,  which  serve  as 
collars  and  prevent  the  electrodes  from  being  crowded 
together.  The  ends  of  the  pins  pass  through  the  elec- 
trodes and  are  clinched.  In  this  way  they  are  firmly 
held  in  place. 

An  ordinary  100  cc.  hard  glass  beaker  may  be  used 
to  complete  the  cell. 

The  electrode  has  proven  so  convenient  and  trust- 
worthy, that  the  writer  desires  to  bring  it  to  the 
notice  of  his  fellow  chemists  and  others  who  may  per- 
haps find  use  for  it,  since  it  can  well  be  adopted  in 
other  lines  of  work  on  conductivity.  It  can  easily  be 
constructed  by  any  one  having  a  little  skill  in  making 
apparatus.  G.  J.  Van  Zoeren. 

Macdomald  Collsos. 
QuBBSC  Canada. 


CORRECTION. 

In  the  February  Journal,  page  361,  line  25  should  read  "y  —  10  +  no. 
kA  centimeters,"  instead  xA"y^\-¥  no.  of  centimeters." 


[CoMTRiBTnnoNs  moif  thb  Cbsmical  Labokatoky  of  Haxvard  Collbob.] 

THE  REARRANGEMENT  OF  ISO  INTO  TERTIARY  BUTYL 

BROMIDE. 

By  A.  MiCBASL.  B.  Schakjt  and  K.  Voiot. 
Recdved  Jannary  4,  1916. 

The  structural  rearrangement  of  an  alkyl  halide  was  first  proven  by 

Eltekow/  who  found  that  isobutyl  and  isoamyl  bromides  are  partially 

converted,  by  heating  in  a  sealed  tube  to  230°,  into  the  corresponding 

tertiary  derivatives.     Eltekow,  and  also  Aronstein,*  who  later  demon- 

1  Btff.,  6, 1258  (1873);  8»  1244  (1875). 
*  Bm,  tfoo,  chim.,  x,  1346  (1882). 
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strated  the  conversion  of  primary  into  secondary  propyl  bromide,  were 
unable  to  reverse  the  reaction,  although  in  no  case  could  a  complete 
isomerization  be  realized.  It  was  only  in  1907  that  Faworsky^  succeeded 
in  proving  that  secondary  and  tertiary  alkyl  hahdes  could  be  partially 
reconverted  by  heat  into  the  primary  products  and  thus  explained  why 
these  reactions  are  limited.  Michael  and  Leupold^  fotmd  that  the  isom- 
erization of  isobutyl  bromide  begins  and  proceeds  very  slowly  at  92- 
95^,  but  rapidly  at  180°,  and  that  it  is  much  accelerated  by  increasing 
the  stuface  of  the  liquid  in  proportion  to  its  mass.  A  condition  of 
equihbrium  is  reached  with  the  formation  of  about  74%  of  tertiary  from 
iso  and  about  26%  of  iso  from  tertiary  butyl  bromide.  The  change  of  the 
tertiary  bromide  begins,  however,  at  a  much  higher  temperature  than  its 
isomer  and  proceeds  slowly  even  at  180  **.  It  is  evident  that  the  relations 
between  the  velocities  of  isomerization  do  not  harmonize  with  the  usual 
assumption  that  they  determine  the  limit  of  such  a  reaction;  thus,  a 
mixture  of  74%  iso  and  26%  tertiary  butyl  bromide,  i,  e.,  in  the  pro- 
portion representing  the  equilitxium  of  the  bromides  in  the  heat,  tmder- 
goes  no  change  at  140^,  although  at  that  temperature  the  iso  compound 
alone  rapidly  isomerizes,  while  the  tertiary  bromide  alone  remains  prac- 
tically unchanged. 

The  investigation  was  axatinu^  by  Michael  and  Zeidler,'  who  showed 
that  the  isomerization  of  isobutyl  bromide  d^ends  to  a  remarkable 
degree  on  the  purity  of  the  compound,  very  small  amounts  of  certain 
substances  being  capable  of  retarding  it  almost  oMupletely  at  tempera- 
tures at  which  the  pure  product  changes  rapidly.  Several  of  their  prep- 
arations could  be  distilled  only  a  hmited  number  of  times  without  under- 
going some  decomposition  and  isomerization;  indeed,  with  two  of  them  a 
small  amount  of  tertiary  bromide  was  formed  on  standing  for  several 
weeks  in  a  brown  desiccator  at  room  temperature.  The  repeated 
fractionation  of  their  isobutyl  bromide  removed  some  unknown 
impurities,  whose  presence  greatly  retarded  the  isomerization.  In  the 
present  paper,  we  have  endeavored  to  ascertain  the  conditions  for  pre- 
paring a  purer  isobutyl  bromide;  to  examine  the  properties  of  such  a 
product;  and  to  study  its  rearrangement  into  tertiary  butyl  bromide 
quantitatively.  Unfortunately,  the  purer  substance  shows  such  an 
extraordinary  instabiUty  and  sensitivity  to  the  influence  of  positive  and 
negative  catalytes  that  we  have  not  succeeded  in  obtaining  better,  t.  e., 
more  constant,  quantitative  results  than  in  the  previous  investigations. 
The  purest  isobutyl  bromide  was  obtained  by  heating  isobutyl  alcohol 
with  hydrobromic  add  in  sealed  tubes  to  65®;  it  is  essential,  however, 

*  Ann.,  354»  325  U^pj). 
» Ibid.,  379.  263  (1910)- 
» Ibid.,  393,  81  (1912). 
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to  use  the  alcohol  and  add  in  a  very  pure  condition.  For  this  ptupose, 
Merck's  best  alcohol  was  fractionated  until  a  practically  constant  boiling 
product  was  obtained,  which  was  then  converted  into  the  boric  ester, 
the  latter  fractionated  in  vacuo  until  constant  boiling,  and  then  saponified. 
The  hydrobromic  add  was  prepared  catal3rtically,  using  pure  bromine 
and  dectrol3rtic  hydrogen. 

To  what  an  astonishing  degree  the  properties  of  isobutyl  bromide*  are 
influenced  by  the  presence  oi  minute,  intangible  impurities,  is  shown 
by  the  following  comparison  of  some  of  the  properties  of  our  purest  product 
with  those  noticed  by  previous  observers.  Isobutyl  bromide  has  been 
$iways  considered  a  stable  substance  that  could  be  distilled  an  unlimited 
number  of  times  without  undergoing  any  decomposition.  In  the  first 
seven  preparations  of  the  bromide  wa  endeavored  each  time  to  increase  the 
quality  of  the  product  by  changes  in  the  method,  and  added  purity  of  the 
chemicals,  and  we  noticed  that  the  stability  of  the  bromide  decreased  in 
direct  proportion  to  its  purity.  With  the  dghth  preparation  we  ob- 
tained it  in  a  condition  that  any  further  slight  changes  we  made  did  not 
perceptibly  influence  its  properties.  Preparation  VI  could  be  distilled 
twice  under  ordinary  pressure  without  f(Hining  hydrobromic  add,  VII 
only  once  and  VIII,  and  the  later  products,  not  at  aU.  Equally  sensitive 
to  the  purity  is  the  capadty  of  the  bromide  to  isomerize.  Michael 
and  Leupold^  heated  their  carefully  prepared  product  at  its  bal- 
ing point  for  50  hours  without  being  able  to  prove  the  formation 
of  tertiary  bromide.  Our  purest  products  could  not  be  distilled 
without  some  of  that  substance  txdng  formed;  indeed,  this  change 
lock  place  slowly  when  it  was  kept  in  a  brown  desiccator  at  room 
temperature.  The  same  observers  were  able  to  study  the  rearrangement 
in  sealed  bulbs  at  temperattues  up  to  235  ^  and  only  at  about  260^  did  they 
notice  a  dedded  decomposition.  Our  best  products  often  became  brown 
through  decomposition  at  io8^  and  at  142^  they  could  only  be  heated  a 
short  time;  at  260^  the  Uquid  flashed  with  total  decomposition.  Michad 
and  Zddler'  succeeded  in  preparing  a  bromide  from  a  comparativdy 
inert  product  by  repeated  fractionation  that  practically  reached  the 
limit  of  rearrangement  after  one  hour  at  142^,  but  our  purest  products 
were  equally,  or  more  sensitive,  after  one  distillation  in  a  vacuum;  indeed, 
in  our  last  preparations  the  crude,  undistilled  products  were  extremdy 
reactive. 

Not  alone  in  the  liquid,  but,  also,  in  a  gaseous  state,  is  our  purest  iso- 
butyl bromide  mueh  more  susceptible  to  rearrangement  than  the  products 
hitherto  examined.    Thus,  Michad  and  Leupold'  were  unable  to  detect 

» Ann,,  379, 305  (1910). 
»/W4i.,  3W»i04  (1912). 
•  IM.,  379,  301  (1910). 
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any  change  at  142°  and,  at  184°,  only  2.7%  of  tertiary  derivative  was 
formed  in  2  V2  hours;  our  Preparation  VII  showed  about  the  same  amount 
after  3  hours  at  100°  and,  after  Vs  hour  at  184°,  it  gave  53.5%  tertiary 
butyl  bromide.  It  seemed  of  interest,  therefore,  to  determine  the  vapor 
density  of  this  bromide.  Michael  and  Leupold  could  not  prove  dissocia- 
tion at  184°,  although  tertiary  butyl  bromide  at  that  temperature  broke 
down  to  the  extent  of  36%.  At  142°,  in  a  Meyer  apparatus,  we  were 
unable  to  prove  dissociation  with  certainty,^  at  184^  an  amount  of  gas 
was  obtained  almost  at  once  that  corresponded  to  the  normal  vapor 
density,  then  for  20  minutes  a  further  evolution  of  gas  gradually  occurred 
until  about  50%  of  the  bromide  was  dissociated.  This  result  makes  the 
natture  of  the  rearrangement  in  gaseous  condition  at  184^  uncertain, 
since,  if  isobutyl  bromide  dissociates -at  that  temperature,  evidently  part 
of  the  change  may  proceed  in  this  way.  On  the  other  hand,  the  reaction 
undoubtedly  takes  place  intramolecularly  in  gaseous  condition,  as  we 
observed  the  formation  of  tertiary  bromide  at  100°,  while  dissociation 
of  isobutyl  bromide  could  not  be  proven  at  142''. 

We  also  examined  the  behavior  of  our  purest  bromide  in  gaseous  state 
towards  asbestos,  glasswool,  sand  and  other  substances  that,  according  to 
Konowalow,^  dissociate  the  vapor  of  such  organic  halides  catal3rtically. 
In  agreement  with  the  results  of  Michael  and  Leupold,'  we  found  at  a 
temperature  (142®)  where  the  vapor  density  of  the  bromide  is  normal, 
that  these  substances  are  inert,  as  when  introduced  into  the  gas  they 
caused  no  change  in  its  volume.  Even  the  addition  of  powdered 
"Geraeteglas,"  which,  as  we  shall  presently  describe,  increases  the  re- 
arrangement of  the  bromide  in  a  liquid  condition  very  considerably, 
had  no  effect  on  it  in  a  gaseous  state.  While  we  were  unable  to  find  a 
substance  that  acts  as  a  positive  catal3rte  on  the  dissociation  of  gaseous 
isobutyl  bromide,  it  follows  from  our  results  that  the  phenomenon  is 
dependent  to  an  extraordinary  degree  on  the  purity  of  the  compound, 
i.  e.,  on  the  removal  of  most  minute  traces  of  a  substance  or  substances 
that  show  a  negative  catal3rtic  influence.  This  result  should  be  given 
fuU  consideration  in  future  investigations  of  this  and  similar  compounds. 
We  confirmed,  too,  the  observations  of  Michael  and  Zeidler^  on  the  action 
of  negative  catalyles  on  the  liquid  bromide  with  oiu*  purest  product; 
such  substances,  as  diisobutene,  iso  and  tertiary  butyl  alcohol,  when 

^  The  analysis  of  the  contents  of  the  apparatus  after  heating  showed  indeed  the 
presence  of  about  5%  tertiary  bromide,  which  according  to  Roozeboom's  {Bet,,  I4f 
2396  (1881))  determinations  would  cause  0.5%  dissociatio&i  but  the  tertiary  product 
may  have  been  formed  by  direct  isomerizatian. 

»  Ber.,  i8,  2808  (1885). 

M«n.,  379,  311  (1910). 

*  Ibid,,  393i  83  (1912). 
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added  in  a  small  proportion,  greatly  decrease  not  only  the  rearrangement 
but  the  limit,  of  the  reaction. 

Ground  surfaces,  whether  of  glass  or  of  quartz,  also  act  as  negative 
catal3rtes  on  the  rearrangem^t  of  the  bromide  in  the  liquid  state.  This 
is  very  noticeable  when  the  experiments  are  conducted  in  small  Hof- 
mann  bottles  with  ground-in  stoppers  and  it  is  remarkable  that  the 
isomerization  is  more  retarded  in  quartz  than  in  glass  vessels.  Thus  the 
mean  value,  for  i  hour  at  108^,  in  glass  bottles  was  5.2%,  and  in  those  of 
quartz  1.9%,  of  tertiary  bromide.  In  agreement  with  the  conclusion 
that  the  ground  surfaces  act  catalytically  on  the  Uquid  bromide  is  the  fact 
that  in  the  presence  of  an  extremely  small  bubble  of  air  in  the  bottles  the 
isomerization  is  considerably  less  retarded,  as  imder  the  same  conditions  of 
heating,  the  mean  values  rose  to  1 1 .7%  in  glass  and  3.8%  in  quartz  bottles. 
This  conclusion  was  further  confirmed  by  carrying  out  the  experiments 
in  a  quartz  bottle  with  a  long  capillary  neck,  and  with  bulb  only  filled  to 
one-half,  and  in  a  completely  filled  Hof mann  bottle  of  the  same  material, 
when,  under  like  conditions  of  heating,  the  mean  value  in  the  long  bottle 
was  11.7%  and  in  the  short  one  3.8%  of  tertiary  bromide.  Although  the 
bromide  in  these  experiments  remained  colorless  after  heating,  it  seems  not 
improbable  that  the  retardation  of  isomerization  is  due  to  the  formation 
of  by-products  in  so  minute  an  amount  that  the  change  of  coloration  is 
not  perceptible  to  the  eye. 

According  to  Michael  and  Leupold  the  limit  of  the  rearrangement  of  iso 
into  tertiary  butyl  bromide  is  reached  when  about  74%  of  the  latter  product 
is  formed,  while  Michael  and  Zeidler,  with  a  purer  product,  found  it  to  be 
about  76%.  With  our  purest  isobutyl  bromide  the  results  were  less  con- 
cordant. Thus,  with  Preparation  VII,  we  obtained  81.6%  tertiary 
product  after  heating  3  hours,  and  81.2%  after  6  hours,  at  142^,  while 
VIII  gave  75.5  and  69.1%  after  i  V«  and  3  hours  at  the  same  temperature 
and  67.6,  73.2  and  67.0%  after  V4,  Va  and  i  hour  at  184°.  At  a  lower 
temperature  the  limit  was  considerably  less;  at  108^  only  16.4,  20.2  and 
19.8%  of  tertiary  product  was  formed  after  heating  for  Vs*  ^  and  4  hours. 
These  results  are  in  accordance  with  the  tendency  of  very  pure  isobutyl 
bromide  to  decompose  readily,  with  the  formation  of  unknown  by-prod- 
ucts that  materially  interfere  with  the  rearrangement. 

The  conversion  of  a  primary  alkyl  bromide  into  an  iscnner  through  the 
use  of  a  chemical  reagent  was  first  noticed  by  Kekul^  and  Schroetter,^ 
who  found  that  normal  propyl  bromide  is  largely  converted  into  the 
seocmdary  product  by  heating  with  aluminium  bromide.  Gustavson' 
examined  the  reaction  more  carefully  and  found  that  it  is  complicated 
by  the  formation  of  a  double  compound  of  the  salt  with  tmsaturated 
>  Ber.,  13,  2280  (1879). 
*  Ibid.,  16,  958  (1883). 
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hydrocarbons  formed  in  the  process  and  that  this  double  compound  is 
also  capable  of  converting  the  normal  into  the  secondary  bromide.  He 
also  noticed  that  the  rearrangement  is  dependent  on  the  temperature  and 
on  the  amount  of  the  salt.  In  the  same  manner  trimethylene  bromide 
has  been  converted  into  propylene  bromide.^  It  seems  probable  that  these 
changes  are  indirect,  that  is,  the  aluminium  salt  enters  into  chemical 
union  with  the  bromide,  and  we  thought  it  of  interest  to  examine  whether 
our  reactive  product  is  subject  to  direct,  positive,  catalytic  influences. 

It  is  remarkable  that  Jena  "Geraete"  glass  contains  such  a  positive 
catalyte,  as  rearrangement  in  it  takes  place  almost  three  times  as  fast 
as  in  Jena  hard,  or  ordinary  soft  glass.  Thus,  in  ''Geraete"  glass  after  Vt 
hour  at  108°  about  44%  of  tertiary  derivative  was  formed  but  only 
16.9%  in  hard  glass.  We  were  unable  to  determine  whether  the  glass 
itself  acts  directly  as  the  catal3rte,  or  through  the  formation  of  another 
compound  by  the  chemical  action  of  the  bromide.  If  the  latter  sugges- 
tion should  be  correct  the  amount  of  new  substance  thus  formed  must  be 
practically  infinitesimal  in  quantity,  for  we  boiled  powdered  "Geraete" 
glass  a  long  time  with  isobutyl  bromide  and  were  unable  to  detect  a  scdid 
residue  in  evaporation  of  the  liquid. 

The  main  difference  between  *'Geraete''  and  the  other  varieties  of 
glass  used  in  our  experiments  is  that  it  contains  a  considerable  percentage 
of  zinc  oxide.  It  may  be  supposed,  therefore,  that  zinc  bromide  formed 
in  the  action  of  the  bromide  on  the  glass  is  the  active  catalyte  in  the 
conversion.  Indeed,  this  salt  acts  in  a  most  minute  amount  as  an  ex* 
tremely  powerful  positive  catalyte.  Thus,  the  presence  of  about  0.0001% 
of  the  salt  almost  doubled  the  rearrangement,  while  its  presence  in  some* 
what  greater  proportion  (0.0004%)  only  increased  the  velocity  of  the 
reaction  about  25%  and  caused  the  formation  of  colored  by-products  in 
small  amounts  and  in  presence  of  an  appreciable  amount  the  bromide 
after  heating  was  dark  colored  and  contained  no  tertiary  product.  The 
activity  of  zinc  bromide  in  such  an  infinitinsimal  amount  led  us  to 
examine  whether  so  powerful  a  reagent  as  hydrobromic  add  would  ex- 
tract zinc  from  **Geraete"  glass,  but  we  were  unable  to  detect  the  pres- 
ence of  the  metal  in  the  add,  although  the  substances  were  digested 
for  some  hours.  It  is  remarkaUe  that  the  ressds  of  "Geraete"  ^ass 
are  less  active  on  second  use  but  they  then  show  no  change  on  further 
employment. 

Mercuric  chloride  also  acts  as  a  strong  positive  catalyte.  This  salt 
is  somewhat  soluble  in  the  bromide  and  solutions  oontaimng  as  littk 
as  o.oa%  give  high  values  of  tertiary  product  on  heating  a  diort  time  at 
56^.  Another  positive  catalyte  is  hydrochloric  add;  a  sirfution  of  bromide 
with  0.3%  add  contained  3%  of  tertiary  bromide,  after  standing  at  room 
*  Gustavson,  /.  prakt.  Chem.,  [2]  36,  303  (1887). 
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temperatui€  for  3  da3rs,  and  the  results  obtained  in  heating  such  a  solu- 
tion showed  a  direct  proportionality  between  time  and  percentage  of 
tertiary  bromide.  On  the  other  hand,  calcium  bromide  and  aluminium 
oxide  are  inert,  and  the  addition  of  a  trace  of  water  to  the  bromide  showed 
no  appreciable  influence  at  a  low  temperature. 

The  extreme  susceptibility  of  the  bromide  to  catal3rtic  influences  sug- 
gested that  even  air  may  play  a  role  in  the  rearrangement.  We  found 
that  isobutyl  bromide  is  able  to  absorb  a  small  amount  of  air,  which  may 
be  easily  shown  by  heating  a  sealed  bulb  with  a  long  capillary  tube  and 
filled  with  bromide  to  within  10-15  Qun*  oi  the  narrow  end,  when  the 
liquid  soon  completely  fills  the  vessel.  An  examination  of  the  con- 
tents of  the  capillary  tube  and  the  bulb  separately  for  tertiary  bromide 
showed  that  the  narrow  part,  which  evidently  contained  a  larger  per- 
centage of  dissolved  air,  gave  a  somewhat  greater  proportion  of  the  re- 
action product.  The  difference  increased  wh^i  the  surface  exposed  to  air 
was  increased,  as  we  were  able  to  show  by  modifying  the  experiment; 
a  second  bulb  was  blown  midway  in  the  capillary  of  the  container,  which 
was  filled  with  bromide  until  the  upper  bulb  was  half  f  uU  and  the  experi- 
ment completed  as  before.  These  results  appear  to  explain  the  fact 
noticed  by  Michael  and  Leupold^  that  the  increase  oi  snniaoe  in  pro- 
portion to  the  mass  of  bromide  increases  the  velocity  of  rearrangement. 
It  seems  probable  that  there  is  no  influence  of  the  surface  per  se  on  the 
rearrangement  and  that  the  larger  velocity  in  wide  than  in  narrow  tubes 
in  the  experiments  of  Michael  and  Zddler  was  due  to  a  greater  absorption 
of  air,  since  the  relation  between  surface  and  mass  of  the  bromide  was 
thereby  increased.  One  may,  therefore,  refer  to  the  influence  of  surface 
when  the  rearrangement  is  performed  ia  the  presence  of  air  and  to  obtaia 
comparable  results  under  such  conditions  the  mass  of  bromide  and  exposed 
surface  should  be  the  same  in  the  experiments. 

The  above  conclusion  oa  the  action  of  air  is  confirmed  by  the  results 
obtained  in  heating  the  bromide  in  a  homogeneous,  liquid  phase  and 
in  presence  of  a  vacuum,  although  the  results  are  less  concordant  among 
themselves,  which  is  probably  due  to  the  experimental  difficulties,  than 
in  the  preceding  experiments.  For  this  purpose  the  bromide  was  first 
freed  from  dissolved  air  and,  in  one  set  of  experiments,  the  bulbs  with 
capillary  ends  were  filled  so  that  the  expansion  of  the  Uquid  on  heating 
caused  it  to  occupy  the  vacuum  over  it,  while,  in  the  second  series,  a 
vacuum  still  remained  over  the  hot  bromide.  No  difference  in  the  mean 
values  of  tertiary  bromide  formed  was  found  in  these  experiments,  but 
in  both  series  the  amount  was  less  than  when  the  reaction  proceeded  imder 
comparable  conditions  in  the  presence  of  air. 

The  results  just  described  have  a  bearing  on  the  question,  whether 
»  Ann.,  379,  io9  (1910). 
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the  rearrangement  of  isobutyl  bromide  is  subject  to  the  influence  of  the 
free  space  over  the  liquid.  Eltekow^  heated  the  same  amount  of  bromide 
in  tubes  of  equal  diameter  but  unequal  lengths  and  concluded  that  the 
velocity  of  the  reaction  increases  with  the  free  space  above  the  liquid. 
Michael  and  Leupold*  repeated  the  e3q)eriment  with  iso,  and  also  with 
tertiary,  butyl  bromide  at  temperatures  between  140®  and  235  ^  em- 
ploying a  more  exact  method  than  Bltekow.  They  concluded  that  the 
free  space  exercised  little  or  no  influence  on  the  reaction.  Later,  Michael 
and  Zeidler'  made  similar  experiments  with  isoamyl  bromide  and  found 
that  the  presence  of  much  free  space  increased  the  rearrangement  from 
0.6  to  2.0%.  It  obviously  follows  from  the  fact  that  absorbed  air  acts 
as  a  weak,  positive  catalyte,  that  the  amount  of  the  air  may  tmder  certain 
conditions  affect  the  extent  of  the  rearrangement,  but  not  necessarily, 
since  the  air  present  may  suffice  to  saturate  the  bromide  tmder  the  condi- 
tions of  the  experiment,  in  which  case  the  excess  should  not  exert  a  further 
influence. 

The  results,  too,  permit,  in  our  opinion,  a  definite  conclusion  in  regard 
to  the  mechanism  of  the  rearrangement  of  iso  into  tertiary  butyl  bromide. 
Eltekow*  concluded  from  the  increase  of  reactivity  with  free  space  over 
the  liquid  that  the  reaction  occurs  mainly  in  the  gaseous  bromide,  i,  e.^ 
through  dissociation  into  isobutene  and  hydrobromic  acid  and  subsequent 
addition.  Later'  when  he  fotmd  that  the  rearrangement  proceeds  at  a 
temperature  lower  than  that  of  the  dissociation,  he  concluded  that  the 
isomerization  takes  place  directly  through  intramolecular  shifting  of  the 
atoms.  This  interpretation  is  supported  by  the  results  of  Michael  and 
Leupold,'  who  gave  the  view  a  consistent  theoretical  basis,  while  Aron- 
stein,^  Paworsky*  and  Brunei*  assume  that  the  reaction  proceeds  through 
dissociation.  The  latter  view  represents  the  conservatism  that  has  been 
almost  invariably  shown  in  the  development  of  chemical  theory;  at  first 
the  dissociation  theory  was  fought  with  a  determined  opposition;  then» 
after  its  general  adoption,  an  equally  determined  opposition  is  shown  to 
other  views  that  stand  better  in  harmony  with  the  observed  results. 
Since  isobutyl  bromide  has  a  greater  content  of  free  chemical  energy  than 
the  tertiary  isomer,  there  must  exist  a  tendency  in  it  to  isomerize  and  it 
would  be  an  imstable  compound  under  ordinary  conditions,  if  its  free 

>  Ber.,  8,  1247  (1875). 
«  Ann.,  379,  265  (1910). 
*Ibid,,  385,  292  (1912). 

*  Ber„  8,  1244  (1875). 

*  Dissertatioa  (1884);  see  Paworaky,  Ann.,  354,  326,  333  (1907). 

•  Ann.,  379,  264  (1910). 

'  Rec.  trav.  chim.,  x,  134  (1882). 

•  Ann.,  354,  325  (1907). 
• /&Mi.,  384,  245  (191 1). 
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chemical  energy  could  overcome  the  chemical  hindrance  to  the  change. 
This  chemical  hindrance  is  represented  by  the  affinity  of  bromine  and 
the  sin^^e  hydrogen  of  the  methine  group  to  the  other  atoms  in  the 
molecule,  primarily,  however,  to  the  carbons  to  which  they  are  directly 
joined.  With  the  rise  of  temperature  this  hindrance  decreases  while  the 
substance  is  increasing  in  its  free  energy  and,.at  a  certain  point,  the  value 
of  the  equation  chemical  afi^ty  plus  free  chemical  energy  divided  by 
chemical  hindrance  becomes  positive.  At  this  point  an  intramolecular 
rearrangement  will  occur,  because  by  so  doing  the  maximum  increase 
of  entropy  with  minimum  expenditure  of  energy  will  be  realized.  In 
the  fact  that  in  laboratory  experiments  rearrangement  and  dissociation 
are  sometimes  concomitant  hes  no  proof  that  the  isomerized  molecule 
has  been  formed  through  the  latter  process;  indeed,  it  is  more  likely 
that  we  have  unnecessarily  added  so  much  energy  to  the  system  that  the 
isomerized  product  has  been  decomposed. 

To  reconcile  the  fact  that  the  temperature  at  which  the  rearrange- 
ment of  isobutyl  bromide  occtu's  is  much  lower  than  that  at  which  dissocia- 
tion takes  place,  Faworsky^  refers  to  the  researches  of  Menschutkin  and 
Konowalow*  and  Konowalow,'  who  found  that  many  substances,  such 
as  asbestos  or  powdered  glass,  may  lower  very  considerably  the  tempera- 
ttu-e  of  dissociation  of  similar  products  in  a  gaseous  condition;  also,  to 
those  of  Konowalow*  and  ZeUnsky  and  Zelikow,*  where,  in  the  presence 
of  free  acid,  certain  esters  which  are  otherwise  stable  decompose  on  distilla- 
tion. The  experiments  of  Menschutkin  and  Konowalow  were  repeated 
by  V.  Meyer  and  Pond,*  who  were  imable  to  confirm  their  residts,  then 
Michael  and  Leupold^  failed  to  notice  catalytic  influence  of  such  sub- 
stances on  the  vapor  of  iso  and  tertiary  butyl  bromides  and,  finally,  we 
were  equally  unsuccessful  with  our  purest  isobutyl  bromide.  We  foimd,  in- 
deed, that  hydrochloric  add  acts  as  a  positive  catalyte  on  the  isomerization 
of  liquid  isobutyl  bromide,  but  in  the  dissociation  of  that  compotmd  along 
with  the  similar  hydrobromic  add  an  unsaturated  hydrocarbon  is  formed 
and  such  a  substance  retards  the  reaction  very  considerably,  indeed  pre- 
vents it  entirely  when  present  in  2  or  3%.  Brund*  heated  isobutyl 
bromide  to  a  very  high  temperature  and  conduded  that  catalytic  in- 
fluences entered  into  the  reaction  imder  these  conditions  and  also  in  the 
experiments  of  Michael  and  Leupold  with  liquid  bromide.     However, 

1  Ann.,  354, 333  (1907). 
»  Ber,,  17,  1360  (1884). 
» Ibid.,  i8,  2808  (1885). 

*  Z.  physik  Chetn.,  1,  63  (1887);  2,  6  (1888). 
»  Ber.,  37,  1374  (1904). 

•  Ibid,,  i8,  1623  (1885). 

'  Ann,,  379,  300-304  (1910). 
• /Wd..  384,  245  (1911). 
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his  results  are  not  only  inconclusive,  but  the  conditions  of  the  experiments 
permitted  no  safe  inference  in  regard  to  the  nature  of  the  rearrangement 
even  in  the  gaseous  phase,*  the  more  so  as  we  now  know  that  the  tem- 
perature of  dissociation  depends  on  the  purity  of  the  bromide. 

The  facts  revealed  in  this  investigation  stand  in  such  a  direct  opposition 
to  explanation  of  the  isomerization  proceeding  by  dissociation  that  the 
view*  is  now  untenable.  This  conclusion  is  inevitable  when  we  consider 
that  the  stabihty  of  isobutyl  bromide  at  ordinary  temperature  depends 
on  the  presence  of  an  anticatal3rte,  and  that  in  a  pure  state  it  slowly 
isomerizes,  while  no  direct  evidence  of  dissociation  could  be  proven  in 
gaseous  condition  at  142®;  then,  that  the  process  occurs  with  equal 
facility  in  the  liquid  as  it  does  in  the  liquid-gaseous  phase,  and,  finally, 
that  the  addition  of  certain  catal3rtes  in  infinitesimal  amounts  to  the 
liquid  bromide  causes  an  enormous  acceleration  of  the  change  at  low 
temperatures,  whereas  no  catal3rte  has  been  found  that  influences  it  in  a 
gaseous  condition. 

Some  of  these  relations  are  difficult  to  explain.  Thus,  it  seemed  probable 
that  isomerization  would  take  place  more  readily  in  gaseous  than  in 
liquid  bromide,  as  the  gaseous  molecule  appears  to  have  the  larger  con- 
tent of  energy;  also,  that  catalytic  influence  would  then  come  readily 
into  play.  An  explanation  may  be  found  that  the  chemical  change  in 
the  liquid  state  takes  place  not  in  the  separate  molecule,  but  in  an  aggrega- 
tion of  them,  the  so-called  "polymolecule,"*  whose  total  energy  may  be 
greater  than  that  of  the  gaseous  molecule,  and  which  disappears  when  the 
bromide  passes  into  the  gaseous  condition.  This,  too,  may  explain  the 
action  of  positive  catalytes  oit  liquid  and  not  on  gaseous  bromide,  the 
catalytes  uniting  with  the  "polymolecules"  to  form  larger  complexes 
with  still  more  energy.'  We  have  shown  in  this  research  that  the  purest 
isobutyl  bromide  we  could  prepare  is  not  a  stable  body,  even  at  ordinary 
temperature,  and  that  it  differs  so  much  in  many  of  its  properties  from 
those  of  a  product  usually  considered  chemically  pure,  that  it  almost  seems 
Uke  a  different  compound.  To  what  extent  do  the  marvelous  relations  be- 
tween purity,  properties  and  catalytic  forces,  that  are  so  manifest  in 
isobutyl  bromide,  appear  in  other  substances?  This  is  a  new  question 
which  science  can  only  answer  by  laborious  investigation,  but  it  certainly 
seems  not  improbable  that  it  is  not  an  isolated  case  and  that  there  are 
other  compounds,  whose  existence  and  properties  imder  ordinary  conditions 
depend  on  the  play  of  obsciu-e  cataljrtic  forces. 

»  Michael  and  Zcidler,  Ann.,  393,  89  (1912). 

*Kekul6,  Ibid.,  106,  141  (1858);  Michael,  Ber.,  34,  4028  (1901);  39t  ^140,   2570 
(1906);  This  Journal,  32,  991  (1910) . 
*  Michael,  Am.  Ckem.  J.,  39,  4  (1908). 
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SXPBRIMBNTAL  PART. 
Preparation  of  Isobotyl  Bromide. 

According  to  Michael  and  Zeidler,^  the  best  method  of  preparation  con- 
sists in  saturating  at  o^  a  mixtm-e  of  equal  parts  of  isobutyl  alcohol  and 
constant  boiling  hydrobromic  acid  with  gaseous  hydrobromic  add,  and 
heating  the  mixture  in  a  sealed  tube  to  75-80^.  The  tHx>mide  obtained  m 
this  way  was  decidedly  more  sensitive  to  rearrangement  than  that  pre- 
pared by  any  other  method  and  a  very  reactive  product  was  obtained 
from  it  by  repeated  fractionation.  By  very  careful  purification  of  all  the 
products  used  in  the  reaction,  and  changes  in  the  manipulation,  we  sue* 
ceeded  in  improving  the  quality  of  isobutyl  bromide  made  by  this  method 
to  such  an  extent  that  the  crude  substance  showed  great  reactivity. 

The  purest  isobutyl  alcohol  obtainable  was  fractionated  three  times, 
using  a  long  Hempel  column;  from  i  kilo  about  400  g.  of  a  product  were 
obtained,  which  boiled  constant  within  0.15°.  The  isobutyl  alcohol 
of  commerce  often  contains  traces  of  a  basic  substance*  which  cannot  be 
removed  by  distillation  and  even  passes  over  into  the  boric  ester  made 
from  it.  The  alcohol  purified  by  distillation  was,  therefore,  extracted 
repeatedly  with  small  amounts  of  dilute  sulfuric  add,  then  several  times 
with  water  and  dried,  first  over  fused  potassium  carbonate,  then  over 
lime.  This  was  heated  6  hours  at  160-175°  in  an  autodave  with  V4 
of  its  weight  of  piu-e  boric  anhydride.'  Isobutyl  boric  ester  cannot  be 
distilled  under  ordinary  pressure  without  some  decomposition  and  the 
residue  left  after  distilling  off  the  excess  of  alcohol  was,  therefore,  fraction- 
ated two  or  three  times  in  vacuo.  In  order  to  indicate  smaller  changes 
in  the  pressure  dtuing  the  fractionation  than  is  possible  with  the  usual 
mercury  manometer,  we  used  in  connection  with  that  instrument,  one 
filled  with  nitrobenzene.  The  pure  ester  was  then  saponified  by  boiling 
a  short  time  with  aqueous  alkali,  in  a  flask  connected  with  a  rettun  cooler, 
the  alcoholic  layer  separated,  extracted  once  with  a  Uttle  water  and  then 
dried  over  freshly  heated  litne.  This  product,  which  undoubtedly  still 
contained  a  trace  of  water,  boiled  constant  at  108.0°  tmder  767  mm. 
We  omitted  drying  the  alcohol  over  caldum  shavings  in  all  our  later 
preparations,  as  we  were  unable  to  procure  calcium,  which  did  not  contain 
dther  carbon  or  nitrogen.  The  isobutyl  alcohol  prepared  in  this  way  was 
undoubtedly  much  purer  than  any  product  «that  had  been  previously 
made.  The  advantage  of  purifying  the  alcohol  through  the  boric  ester 
is  not  alone  that  the  ester  boils  much  higher  than  the  alcohol,  which  thus 
permits  the  removal  by  distillation  of  all  substances  that  have  approx- 
imatdy  the  boiling  point  of  the  alcohol  but  which  do  not  form  an  ester. 
It  also  permits  a  much  sharper  separation  from  the  higher  and  lower 

*  Ann.,  3^3,  104  (1912). 

«  Councler,  7.  prakL  Chem,,  [2]  18,  382  (1878). 
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boiling  alcohols,  that  are  undoubtedly  contained  to  an  appreciable  ex- 
tent in  all  preparations  of  isobutyl  alcohol  piuified  solely  by  fractionation, 
as,  according  to  Councler's  rule,^  the  difference  between  the  boiling  points 
of  such  alcohols  is  increased  three  times  in  the  corresponding  boric  esters.' 
Another  great  advantage  in  this  method  of  purification  Ues  in  the  facility 
with  which  the  boric  esters  may  be  saponified.  Before  using  this  method 
we  endeavored  to  purify  the  alcohol  through  the  benzoate;  but,  although 
we  obtained  a  product  that  boiled  absolutely  constant,  we  were  tmable 
to  saponify  it,  unless  alcohol  was  used,  without  the  fonnktion  of  by- 
products. 

In  one  of  our  earlier  preparations  of  the  bromide  we  prepared 
the  hydrobromic  acid  from  bromine  and  phosphorus,  the  latter  sub- 
stance having  been  purified  by  treatment  with  carbon  bisulfide. 
In  one  preparation  on  passing  the  gaseous  hydrobromic  add  into 
the  alcohol  and  acid  mixture,  a  small  amotmt  of  a  white  crystalline 
substance  was  formed,  which  showed  a  decided  odor  of  garlic  and 
was  found  to  contain  arsenic.  Although  no  arsenic  could  be  detected 
in  the  bromide  after  its  purification,  it  showed  an  unusually  high  value 
of  rearrangement,  and  there  may  have  been,  notwithstanding,  traces 
of  an  arsenic  compotmd  present,  which  acted  as  a  positive  catalyte. 
In  the  subsequent  preparations  of  hydrobromic  add  using  red  phosphorus, 
we  employed  a  product  prepared  by  heating  yeUow  phosphorus,  that  was 
freed  from  arsenic  by  two  distillations  with  steam,  and  the  bromide  alwajrs 
gave  smaller  reaction  values. 

In  all  our  later  preparations  of  bromide,  we  used  hydrobromic  add  made 
catalytically  from  electrolytic  hydrogen  and  bromine  that  had  been  carefully 
purified  according  to  the  directions  of  Baxter,  Thorvaldson  and  Cobb.'  The 
add  prepared  in  this  way  always  contained  a  small  quantity  of  free  bromine 
which  was  removed  by  heating  the  aqueous  product,  saturated  at  o®, 
after  the  addition  of  a  sufficient  amount  of  pure  iron  (such  as  is  used  for 
atomic  wdght  work)  and  collecting  the  gas  in  water;  after  the  gas  ceased 
to  come  off  the  residue  was  distilled  and  the  distillate  used  as  the  con- 
stant boiling  add. 

A  mixture  of  40  cc.  isobutyl  alcohol  and  40  cc.  constant  boiling  hydro- 
bromic add  was  brought  into  a  tube,  cooled  off  to  o®,  and  saturated 
with  gaseous  hydrobromic  add,  obtained  by  warming  a  saturated  add 
solution,  to  which  pure  iron  had  been,  added  in  suffident  cunount  to  expel 

1  /.  prakt.  Chem.,  [2]  18,  385  (1878). 

'  Cohn,  Pharm.  Zentralhalkt  19x1,  483.  We  modified  the  method  used  by  this 
chemist,  using  only  5  %  strong  sulfuric  add  to  esterize,  but  the  boric  ester  prepared  in 
this  way  could  not  be  obtained  in  a  pure  state. 

*  This  Journai,,  33,  319  (1911).  We  are  greatly  indebted  to  Professor  G.  P. 
Baxter  for  the  use  of  the  apparatus  and  other  facilities  in  his  laboratory;  a  Iso  to  Mr. 
P.  L.  Grover  for  his  kind  assistance  in  the  preparation  of  the  acid. 
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most  of  the  air  in  the  vessel.  The  operation  was  done  in  an  apparatus 
composed  entirely  of  glass,  and,  to  avoid  a  decomposition  of  the  add 
by  the  ground  glass  surfaces,  in  a  darkened  room.  After  sealing  the  tube 
it  was  placed  in  an  iron  tube  closed  at  both  ends,  and  heated  in  a  water 
bath  for  3-4  hotn*s  at  65  ^.  The  3rield  of  the  colorless  bromide  was  about 
60  g. ;  a  small  amount  was  formed  on  further  heating  of  the  tube,  but  it 
was  found  inadvisable  to  unite  it  with  the  main  product.  The  bromide 
was  extracted  with  about  4  times  its  volume  of  water  in  a  shaker,  until 
the  last  extract  ceased  to  give  an  immediate  reaction  with  silver  nitrate, 
then  dried  several  days  over  fused  calcium  bromide  and,  finally,  an  hour 
or  two  before  the  distillation,  by  addition  of  a  small  amount  of  pure 
phosphorus  peatoxide.  The  fractionation  should  be  done  in  a  partial 
vacuum,  as  the  operation  under  ordinary  pressure  leads  to  the  formation 
of  some  tertiary  bromide.  For  this  reason,  too,  a  sharp  boiling  point  of 
the  pure  bromide  tould  not  be  obtained  under  ordinary  presstn*e;  thus, 
a  small  quantity  boiled  between  91.1-91.25^  (755-5  xnm.),  while  absolutely 
sharp  and  constant  boiling  points  could  be  obtained  with  less  pure  products 
only. 

All  the  chemicals  used  in  the  preparation  of  the  bromide  were  as  pure 
as  could  be  made.  Phosphoric  anhydride  was  sublimed  in  oxygen; 
ordinary  distilled  water  was  distilled  with  addition  of  permanganate 
and  then  redistilled.  The  glass  apparatus  was  cleaned  with  a  mixture 
of  nitric  and  sulfuric  acids,  then  thoroughly  washed  out  with  water  and 
finally  steamed  for  a  long  time.  The  distillation  was  done  in  a  specially 
constructed  flask  with  double  jacket,  in  which  the  thermometer  was 
fastened  in  the  inner  tube  by  a  platinum  spiral  and  ground  glass  stopper. 
To  dry  this  apparatus  the  bulb  was  immersed  in  a  bath  of  Wood's  metal 
and  a  glass  tube  introduced,  which  reached  to  the  bottom  of  the  bulb 
and  to  whose  upper  end  a  glass  cap  was  sealed,  which  fitted  on  a  cork  on 
the  neck  of  the  fractionating  flask:  pure  and  dry  air  was  then  aspirated 
through  the  apparatus  for  a  long  time.  The  receivers  were  always  in 
larger  glass  vessels,  the  necks  of  which  were  joined  to  the  lateral  tube  of 
the  fractionating  flasks  by  means  of  corks. 

Altogether  eleven  preparations  of  isobutyl  bromide  were  made.  In 
the  first  seven  experiments  the  method  was  gradually  improved  and  we 
found  that  the  reactivity  of  the  products  varied  accordingly:  the  last 
four  were  practically  all  made  according  to  the  directions  given  above; 
slight  variaticms  which  we  tried  had  no  effect  on  the  quality  of  the  products. 
In  the  following  experiments  the  preparations  used  up  to  VII  are  designated 
by  Roman  numerals;  the  subsequent  products  are  grouped  together  under 
VIII.  The  fiirst  six  products  could  be  distilled  without  change  imder 
ordinary  pressure  in  flasks  of  hard  or  soft  glass,  with  the  exception  of  a 
single  flask  of  unknown  composition,  in  which  a  decomposition,  with 
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formation  of  hydrobromic  add  and  also  a  slight  rearrangement  to  tertiary 
butyl  bromide,  was  always  noticed.  The  only  difference  between  VII 
and  the  later  preparations,  was  that  it  could  be  distilled  once  under  ordinary 
pressure  without  formation  of  tertiary  bromide  or  hydrobromic  acid. 
Some  of  the  earlier  preparations  gradually  gave  off  hydrobromic  acid  on 
standing  over  phosphoric  anhydride.  Thus,  a  constant  boiling  product, 
after  standing  several  days  with  the  pentoxide,  not  only  evolved  some  add, 
but  was  colored  brown;  after  extracting  with  water  and  drying,  it  boiled 
within  0.4'^  and  contained  some  diisobutene.  Our  purest  products  also 
gave  off  traces  of  hydrobromic  add  on  standing  a  long  time  over  the 
pentoxide,  which  should  be,  therefore,  used  with  care  as  a  dr3dng  reagent* 
The  most  reactive  preparation  of  bromine  obtained  by  Michad  and 
Zddler^  was  made  by  heating  carefully  purified  hydrobromic  add  and 
isobutyl  alcohol  to  75*^.  This  product,  after  i  fractionation  gave,  on 
heating  i  hour  in  the  vapor  of  xylene,  15.1%  of  tertiary  bromide  and,  by 
repeated  fractionation,  a  product  that  in  some  of  the  experiments  gave 
about  74%,  which  is  near  the  limit  of  rearrangement.  Preparation  VII 
before  distillation  yidded  53.1%  tertiary  bromide  in  V«  hour  in  xylene 
and  63.2%  after  i  distillation  and  in  i  hour  also  gave  74%.  Preparation 
VIII,  undistilled,  gave  12.9%  of  tertiary  product  after  heating  V*  hour 
at  108°  and  16.3%  after  i  distillation  in  vacuo,  which  represents  the 
normal  rate  of  rearrangement.  We  noticed  with*  several  of  our  earlier 
preparations  that  the  vdodty  of  isomerization  could  be  increased  up  to- 
a  certain  point  by  fractionation  and  that  a  subsequent  operation  led  ta 
a  decrecuse.  This  was  very  noticeable  with  III,  which,  heated  Va  hour 
in  xylene,  gave  before  "fractionation  11.1%  of  tertiary  bromide -and  60.7% 
after  two  such  operations,  while  the  product  obtained  in  the  third  process 
gave  only  27.3%,  although  no  decomposition  or  change  could  be  noticed 
in  the  product. 

Rearrangement  in  a  Liquid  Phase. 

The  methods  used  in  stud3ring  the  reaction  were  about  the  same  as 
described  in  the  previous  papers.'  The  bromide  was  usually  heated  in 
a  short  bulb  of  Jena  hard  glass,  one  end  of  which  was  round  and  the  other 
pulled  out  to  a  very  narrow  tube  about  10  cm.  long.  The  dried  vessels 
were  filled  with  bromide  by  means  of  a  pipet,  which  consisted  of  a 
capillary  tube,  in  whose  upper  end  a  small  bulb  was  blown.  The  wide 
end  of  the  tube  was  connected  with  a  small  U-tube,  containing  some 
calcitun  chloride  and  whose  other  side  had  a  glass  plunger  working  through 
a  piece  of  rubber  tubing.  The  tubes  were  usually  filled  to  about  one*half» 
so  that  the  bromide  was  also  present  in  a  gaseous  phase,  but  in  some 
experiments  the  liquid  completdy  occupied  the  vessd.     In  the  earlier 

1  Ann.,  393,  104  (1912). 

« Ibid.,  37^  304;  393>  94- 
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experiments  the  bulbs,  before  sealing,  were  connected  with  small  drying 
tubes  containing  phosphorus  pentoxide;  later  they  were  put  in  narrow, 
thin  test  tubes  whose  open  ends  were  closed  by  drying  tubes,  and  then 
placed  in  a  cooling  mixture  of  salt  and  ice.  It  was  not  always  possible 
to  prevent  the  ionxiAtion  of  the  sUght  white  ring  on  sealing  the  containers,^ 
but  our  experiments  show  that  this  has  no  noticeable  influence  on  the 
result  of  the  rearrangement.  In  other  experiments,  we  used  small  Hof  mann 
bottles,  made  either  of  soft  glass  or  of  quartz,  which  were  enclosed  in 
thin,  narrow,  sealed  glass  tubes.  The  bulbs  were  heated  in  the  vapor 
of  liquids,  which  were  contained  in  Meyer  vapor  density  mantels  and  whose 
walls  were  covered  with  asbestos  paper.  To  determine  the  amotmt  of 
tertiary  bromide  the  heated  product  was  put  in  a  shaker  for  15  minutes, 
with  50  cc.  water  and  at  first  the  filtered  solution,  later  the  whole  liquid, 
titrated  with  N/io,  or  iV/25  solutions,  of  silver  nitrate  and  ammonium 
thiocyanate,  using  ammonium  iron  alum  as  the  indicator.  With  o.i  g. 
bromide  and  N/25  solutions  the  determinations  were  exact  to  0.15%. 

Normal  Rearrangement  in  Glass  and  Quartz. 

To  determine  the  quality  of  the  bromide,  the  product  was  heated  for 
15  minutes  in  the  vapor  of  isobutyl  alcohol  (ro8**)  in  Jena  hard  glass 
tubes  of  6  mm.  internal  diameter.  Pour  of  our  best  preparations  gave 
the  following  results : 

16.4,  15.7,  16.9,  16.3;  mean,  16.3%. 
This  mean  value  (16.3%)  may  be  considered  as  representing  the  normal 
rearrangement  of  isobutyl  bromide  under  these  conditions. 

The  mean  value  with  a  bromide  of  less  purity  is  lower  than  that  of  the 
pure  bromide.  Thus,  some  of  oiu*  earlier  preparations  gave  under  the 
same  conditions : 

14.0,  15.2,  15.1,  14.3,  15.2,  15.2,  14.0;  mean,  14.7%. 
After  we  found  that  a  certain  variety  of  glass  shows  a  decided  catalytic 
influence  on  the  reaction,  we  made  a  series  of  experiments  to  ascertain 
whether  Jena  hard  glass  also  exerts  such  an  effect.  For  this  purpose, 
we  employed  small  bottles  of  quartz,  with  ground  stoppers,  which  were 
filled  to  about  one-half  and  enclosed  in  slightly  wider  sealed  Jena  glass 
tubes  with  thin  walls.  The  3  bottles  had  round  bottoms  and  an  internal 
diameter  of  4.3  mm.  and  an  interior  height  of  4  cm. 

The  following  amounts  of  tertiary  bromide  were  obtained  with  VIII : 
At  108.4°,         for  ^5  min.,         11.7,  10.4,  114%; 
At  I30^  for    5min.,         17.7,  16.8,  15.7%; 

At  142^  for  10  min.,        41.3,  38.3,  41.8,  41.7%; 

At  142°,  for  20  min.,        56.8%  and  for  30  minutes  63.3%. 

The  mean  of  a  number  of  determinations  in  hard,  as  well  as  in  ordinary 
» Ann.,  393,  108. 
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soft  glass  tubes  of  the  same  diameter  as  the  bottles  at  io8°  for  15  minutes 
was  12.8%,  at  142®  for  10  minutes  was  45.9%,  and  for  30  minutes  63%, 
of  tertiary  bromide.  In  the  experiments  of  short  duration  the  mean 
values  are  somewhat  higher  in  glass  than  in  quartz,  but  it  is  safe  to  con- 
clude from  the  results  that  soft  and  Jena  hard  glass  exercise  no  perceptible 
catalytic  influence,  as  the  actual  time  of  heating  at  the  temperature  of 
the  bath  was  evidently  somewhat  less  with  the  enclosed  quartz  vessels. 
In  the  experiments  for  30  minutes  the  results  are  practically  the  same. 

We  noticed  ia  these  experiments  that  the  quartz  vessels,  even  when 
made  of  the  highest  quality  of  quartz  we  were  able  to  procure,  with  con- 
tinued use  gradually  showed  corroded  surfaces.  This  may  have  come, 
however,  from  the  action  of  the  acids  used  in  cleaning  the  vessels.  It 
is  remarkable,  too,  that  the  values  obtained  in  the  first  determination 
in  small  Hofmann  bottles,  whether  made  of  quartz  or  of  glass,  were  in- 
variably lower  than  those  found  in  the  subsequent  experiments;  indeed, 
in  quartz  vessels  we  fotmd  in  several  cases  that  no  rearrangement  took 
place  at  first  at  108**. 

Influence  of  Catalytes  on  the  Rearrangement. 

Although  Jena  hard  glass  and  ordinary  soft  glass,  notwithstanding 
that  part  of  the  surface  of  the  latter  sort  exposed  to  the  liquid,  but  not 
to  the  gaseous  bromide,  ia  some  experiments  was  slightly  corroded  and 
therefore  acted  on  chemically,  has  no  perceptible  influence  on  the  reaction, 
we  found  that  it  is  very  much  accelerated  ia  Jena  "Geraete*'  glass.  Thus, 
in  one  series  of  experiments,  which  were  made  in  tubes  of  the  same  diameter, 
we  obtained,  at  108^  for  Vs  hour,  in  Jena  hard  glass  16.9%,  while  in 
"Geraete**  glass  44%  tertiary  bromide  was  formed.  The  rate,  therefore, 
was  increased  almost  3  times.  At  100 '^  the  highest  value  we  noticed 
using  hard  glass  (6  mm.)  after  30  minutes  was  9.2%;  in  **Geraete"  glass, 
in  a  narrower  tube  (4  mm.)  after  8  minutes  11.2%  and  after  15  minutes 
39.6%  tertiary  bromide  was  formed.  The  constituent  of  "Geraete" 
glass  not  contained  in  the  other  varieties  of  glass  used  in  these  experiments 
is  ZnO  and  to  the  amount  of  4.2%.^  It  seemed  probable,  therefore, 
that  the  catal3rtic  action  of  this  glass  is  due  to  the  zinc  it  contains.  To 
test  this  inference  we  made  some  experiments  with  the  addition  of  ZnBrs. 
For  this  purpose,  we  introduced  i  drop  of  a  dilute  solution  of  ZnBra  into 
bulbs  of  hard  glass,  heated  the  tubes  carefully  while  aspirating  dry  air 
through  them  until  they  were  perfectly  dry  and  then  performed  the 
experiments  in  the  usual  manner.  Without  ZnBri,  14.7%,  with  it,  23.6 
and  25.9%  tertiary  bromide  was  formed.  According  to  a  determination 
a  drop  of  the  ZnBrs  solution  contained  0.00002  g.  of  salt;  and  aso.2g. 
bromide  was  used,  the  addition  of  about  0.0001%  of  this  catal3rte,  therefore, 
almost  doubled  the  velocity  of  the  reaction.  A  ^milar  experiment,  made 
»  Ost.  Lehrh.  d.  Chem,  Technol.  (6  Auflage),  279. 
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under  the  same  conditions  but  using  four  drops  of  the  salt  solution,  gave 
32.6%  tertiary  bromide,  while  with  the  ZnBri  contained  in  12  drops  it 
caused  the  formation  of  dark  by-products.  Indeed,  the  addition  of  ZnBr2 
in  appreciable  amount  prevents  the  rearrangement  completely,  which  is 
probably  due,  however,  to  the  secondary  products  formed  under  such 
conditions.  We  thought  it  possible  that  the  reagents  used  in  cleaning 
the  tubes  of  ''Geraete"  glass  might  show  an  influence  on  the  rate  of  re- 
arrangement, but  failed  to  notice  a  difference  in  the  results  of  the  experi- 
ments, whether  a  mixture  of  bichromate  and  sulfuric  add,  or  concentrated 
hydrobromic  acid,  was  used.  Although  it  may  be  considered  certain 
that  the  catal3rtic  action  of  ''Geraete*'  glass  is  due  to  the  presence  of  zinc 
we  were  unable  to  ascertain  whether  it  is  owing  to  the  action  of  the  glass 
per  $€,  or  to  the  formation  of  a  simpler  zinc  compound  by  the  chemical 
action  of  isobutyl  bromide  in  the  glass.  It  is  certain,  however,  that  the 
zinc  in  this  glass  is  very  resistant  to  the  action  of  strong  chemicals,  for 
some  of  the  powdered  material  was  heated  for  some  time  with  concentrated 
hydrobromic  ficid  and  no  zinc  could  be  detected  in  the  liquid.  If  a  soluble 
zinc  compoimd  is  formed  during  the  heating  of  isobutyl  bromide  in  a 
dosed  vessel  of  "Geraete''  glass  the  amount  is  certainly  infinitesimal 
in  quantity,  since  we  boiled  the  bromide  in  a  "Geraete"  glass  vessel  for 
a  considerable  time  and  could  not  notice  a  solid  residue  on  evaporation 
of  the  liquid  in  a  platinum  dish. 

That  the  cataljrtic  effect  of  "Geraete"  glass  varies  very  considerably, 
will  be  seen  from  the  following  experiments,  where,  although  the  vessels 
were  all  made  from  the  same  piece  of  tubing,  no  relation  appears  between 
the  time  of  heating  and  the  extent  of  rearrangement,  unless  the  latter 
values  were  quite  small. 

At  80.5**,  in  tubes  of  4  mm.  internal  diameter: 

20        40  60  80  minutes 

8        II. 7        15.2  8.9%    tertiary  bromide 

At  108°,  in  tubes  of  8  mm.  diameter: 

5  10  15  25  minutes 

24.0        39.7         22.3         37-5%    tertiary  bromide 

We  also  noticed  that  the  use  of  the  same  contaiaer  of  '*Geraete"  glass 
a  second  time  was  followed  by  a  decrease  of  its  efficiency  as  a  catalyte, 
which  remained  then  imimpaired  in  subsequent  experiments. 

In  acetone  (56°);  new  tubes: 

I  a  3  hours 

4.4        4.5        5.3%    tertiary  bromide 

In  methyl  alcohol  (66^) ;  tubes  used  a  second  time: 

10  20  30  90  135  minutes 

0.6  i.o  1.4  3.7  4.0%    tertiary  bromide 


.  Digitized  by  VjOOQIC 


670  A.   MICHABI^,   E.   SCHAKF  AND  K.  VOIGT. 

Although  the  temperature  in  the  second  series  was  10°  higher  the  re- 
arrangement values  are  less. 

.    In  methyl  alcohol  (66°);  tubes  used  a  third  time: 
30  60  90  minutes 

1.5  2.8         3.7        % 

Another  salt,  which  acts  as  a  positive  catalyte  on  the  rearrangement 
of  isobutyl  bromide,  is  mercuric  chloride.  This  salt  dissolves  in  the 
bromide  to  the  extent  of  about  1.5%;  such  a  solution  after  standing  four 
days  in  summer  at  room  temperature  did  not  give  the  test  for  tertiary 
bromide,  but  the  reaction  proceeds  readily  at  a  somewhat  higher  tempera- 
ture. As  with  the  use  of  zinc  bromide,  we  were  not  only  unable  to  find 
a  direct  connection  between  the  time  of  heatmg  and  the  extent  of  the 
rearrangement,  but  the  results  were  sometimes  quite  irregular  among 
themselves.  Thus,  a  series,  where  the  bromide  contained  0.07%  subli- 
mate, resulted  as  follows: 

10  20  40  60  90  minutes  at  78.3  ** 

9.5        31.5        24.1        35.4        34.8       %  tertiary  bromide 
22.7 

Mercuric  chloride,  like  zinc  bromide,  acts  catalytically  only  in  very 
dilute  solution;  in  the  vapor  of  alcohol  0.3%  sufficed  to  prevent  the  re- 
action.   A  series,  heated  40  minutes  at  78.3^,  gave 

0.02  0;i5  0.3     %  mercuric  chloride 

12.7  41 . 2  0.0    %  tertiary  bromide 

Calcium  bromide  exerted  no  influence  on  the  rearrangement;  nor  did 
aluminium  oxide,  probably  because  the  bromide  does  not  react  on  it,  as 
the  formation  of  aluminium  bromide,  even  in  traces,  would  have  been 
undoubtedly  followed  by  a  marked  reaction.^ 

Hydrochloric  acid,  however,  shows  a  decided  catalytic  influence,  even 

at  ordinary  temperature.     Isobutyl  bromide,  which  was  saturated  with 

the  dry  acid  (about  0.3%)  contained  3%  tertiary  bromide  after  standing 

two  days.     In  the  following  series  a  quantity  of  such  a  solution  was 

heated  to  56°,  in  a  carefully  groimd,  glass-stoppered  vessel  and  from  time 

to  time  a  sample  was  removed  for  analysis: 

Vi  I  1V2         2  2V2         3V2  "        hours 

9.5         12.3         14.9        17.0        18.3        19.7        25.1     %  tertiary  bromide 

These  results  are  more  regular  than  those  in  the  preceding  experiments 
and  further  investigation  is  necessary  to  determine  whether  this  is  due 
to  their  being  carried  out  in  the  same  vessel,  or  to  the  nature  of  the  catalyte. 

In  their  experiments  on  the  influence  of  negative  catalytes  on  the  re- 
arrangement, Michael  and  Zeidler*  used  tubes  filled  to  about  one  half 
with  the  solution  and  the  substance  was,  therefore,  in  a  gaseous^liquid 

*  Kekuld  and  Schroctter,  Ber.,  xa,  2279  (1879);  Gustavson,  Ibid.,  x6,  958  (1883). 
«i4nn.,  393,  io5  (1912). 
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State.  In  connection  with  the  results  described  below  on  the  reaction 
entirely  in  the  liquid  phase,  we  made  some  experiments,  using  negative 
catalytes  under  the  same  conditions.  We  found  that  the  addition  of 
diisobutene  reduced  the  rate  of  the  reaction  very  considerably.  Thus, 
in  hard  glass  tubes,  which  were  entirely  filled  with  isobutyl  bromide 
(VIII),  the  rearrangement  after  i  hour  at  108 ^^  was  14.0%  for  the  liquid 
in  the  narrow  tube  and  12.6%  for  the  part  in  the  bulb;  with  bromide 
containing  2.6%  diisobutene  the  result  was  6.2  and  5.2%  for  the  narrow 
tube  and  3.7  and  4.0%  for  the  bulbs.  A  solution  containing  1.3%  of 
the  hydrocarbon  gave  approximately  the  same  results,  t.  e,,  7.4  and  5.5% 
in  the  contracted  and  4.4  and  4.3%  in  the  wide  part  of  the  containers. 
Further  experiments  were  made  with  one  of  the  earlier  preparations  of 
bromide;  heated  for  i  hour  at  108^  the  mean  value  of  a  number  of  ex- 
periments was  13.7%  for  the  liquid  in  the  bulb.  The  addition  of  the  follow- 
ing chemicals  showed  a  marked  reduction: 

2.6%  diisobutene      ^  3.6  :  3.7%  tertiary  bromide 

3.7%  tertiary  butyl  alcohol  3.5  :  3.5%  tertiary  bromide 

3.2%  isobutyl  alcohol  3.2  :  3.1%  tertiary  bromide 

These  low  values  are  also  probably  near  the  limit  of  the  reaction  under 
these  conditions,  as  heating  tubes  containing  the  same  percentage  of  di- 
isobutene for  2  and  4  hours  gave  only  4.0  and  4.1%  of  tertiary  product. 

Under  the  same  conditions,  a  trace  of  water  added  to  the  bromide 
exerted  scarcely  any  influence  on  the  rearrangement. 

Influence  of  Air  on  the  Rearrangement 

In  the  preceding  exp)eriments  the  tubes  were  only  partially  filled  with 
liquid  bromide,  so  that  the  reaction  occurred  in  the  pxresence  of  a  gaseous 
phase  and  also  of  air.  The  determination  of  the  rearrangement  of  the 
bromide  solely  in  a  liquid  phase  should  give,  therefore,  information  whether 
air  exerts  an  influence  and,  also,  on  the  mechanism  of  the  reaction. 

In  our  first  experiments  the  bromide  was  brought  into  bulbs  of  Jena 
hard  glass  (6  mm.)  with  narrow  ends  about  20  cm.  long.  These  were 
filled  until  the  liquid  occupied  about  Vt  of  the  narrow  tubes  and  after 
sealing  the  bulbs  alone  were  heated  in  the  bath.  The  contents  of  the  bulbs 
gave  the  following  values: 

30  minutes  at  108®,  11.5,  lo.o,    8.5  •         %  tertiary  bromide 

60  minutes  at  108 ^  11.3,  11.9,  11.8,  12. i  %  tertiary  bromide 

120  minutes  at  108 ^  16.9,  13.6,  15.4  %  tertiary  bromide 

The  transpiration  of  the  tertiary  bromide  during  the  heating  was  in- 
considerable, as  not  more  than  1%  tertiary  bromide  was  found  in  the  Uquid 
coataiaed  in  the  narrow  ends. 

As  we  noticed  that  isobutyl  bromide  heated  under  pressure  has  the 
property  of  absorbing  a  small  amount  of  air,  we  made  use  of  this  property 
to  examine  the  influence  of  air  on  the  reaction  and,  at  the  same  time, 
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the  rearrangement  in  the  liquid  phase.  The  bulbs  were  like  those  used 
in  the  above  experiments,  only  the  narrow  ends  were  somewhat  shorter 
(about  15  cm.);  they  were  filled  with  bromide  to  15-20  mm.  from  the 
open  end  and  the  expansion  of  the  liquid  on  heating  made  it  occupy  the 
entire  container.  In  several  experiments  a  small  amount  of  air  remained 
unabsorbed,  but  no  di£Perence  in  the  results  was  noticed.  After  heating 
the  entire  vessels  to  108°  the  contents  of  the  bulbs  B  and  of  the  narrow 
ends  C  were  analyzed  separately. 

30  minutes.  60  minutes. 

B.                    C.  B.                     C. 

II. 8            14.6  12.5             14.2     %  tertiary  bromide 

13.8             15. 7  12.8             14. 0%  tertiary  bromide 

11. 3  13 -I  12.4            14.0     %  tertiary  bromide 

1 1. 4  II. 7  12.5             13.6     %  tertiary  bromide 

Heating  for  2  and  4  hours  gave  15.4  and  18.6%  for  B  and  18.7  and  20.1% 
for  C.  These  experiments  show  that  the  greater  proportion  of  air  in 
the  bromide  contained  in  the  narrow  ends  causes  a  stight  increase  in  the 
rate  of  rearrangement,  and  any  relative  increase  of  the  surface  of  the  bro- 
mide exposed  to  air  to  the  amount  of  liquid  used  shoidd,  therefore,  increase 
the  velocity  of  the  reaction,  if  the  bromide  is  not  saturated.  This  relation 
is  plainly  noticeable  in  the  results  of  the  following  series,  in  which  the 
container  was  modified  to  increase  the  surface  of  liquid  exposed  to  air. 
About  10  cm.  above  the  bulb  a  second  bulb  was  blown  in  the  narrow  end 
and  bromide  introduced  until  the  upper  bulb  was  half  full.  After  sealing 
the  entire  vessel  was  heated  and  the  contents  of  the  lower  and  that  of 
the  upper  bulb,  with  the  small  amount  in  the  capillary  tube  joining  the 
two  bulbs,  analyzed  separately.  The  temperature  was  108**  and  time  of 
heating  1  hour. 

Diameter  of  btdbs 7.5  7.0  6.5      mm. 

Capillary  tube  and  upper  bulb 19.0        17.7         16.9       %  tertiary  bromide 

I/>wer  bulb 12 .3         13 .  i         13 .5       %  tertiary  bromide 

.  The  mean  values  for  the  upper  and  lower  bulbs  in  these  exp)eriments 
are  17.9  and  13.3%,  while  in  the  preceding  series,  where  less  surface  was 
exposed  to  the  air,  they  were  14.0%  for  the  narrow  tubes  and  12.6% 
for  the  bulbs. 

That  with  more  surface  of  bromide  exposed  to  air  the  velocity  of  the 
isomerization  increases  was  proven  by  Michael  and  Leupold,^  but  w^e 
deemed  it  of  interest  to  repeat  the  experiment  with  our  pin-er  bromide. 
A  bulb  (6  mm.  diam.)  and  a  narrow  tube  (about  i  mm.)  were  filled  to  one- 
half  with  bromide  and  heated  together;  the  contents  of  the  bulb  contained 
55.9%  and  that  of  the  tube  19.3%  tertiary  product.  Tubes  of  6  and 
1.2  mm.,  internal  diameter,  heated  for  ^/j  hoiur  at  140°,  gave  the  following 
results: 

^  Ann.,  379,  306. 
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1.2  nub.  6  mm. 

37 . 4  63 . 2        %  tertiary  bromide 

43.7  55.9         %  tertiary  bromide 

We  next  endeavored  to  modify  the  conditions  so  that  isobutyl  iMromide 
free  of  air  could  be  heated  either  entirely  in  a  liquid  phase,  or  in  presence 
€i  a  vacuum.  For  this  purpose,  some  bromide  was  brought  into  a  small 
retort-shaped  glass  vessel,  which  was  held  in  a  slanting  position,  and 
empty  bulbs,  with  the  narrow  open  ends  facing  downwards,  introduced  so 
that  they  remained  in  the  limb  of  the  vessel.  The  op)en  end  fitted  closely  for 
several  inches  into  a  glass  tube,  ending  in  a  glass  stopcock,  which 
was  bent  at  a  right  angle  and  was  connected  to  it  by  a  piece  of  rubber 
tubing.  The  liquid  was  cooled  off  in  ice  and  the  apparatus  connected 
with  a  Geryk  vacuum  pump  and  evacuated  until  about  Vs  oi  the  bromide 
had  evaporated,  when  the  stopcock  was  closed  and  disconnected  from  the 
pump.  The  apparatus  was  then  placed  upright  and  the  open  ends  of 
the  bulbs  brought  under  the  liquid.  On  allowing  dry  air  to  enter  slowly 
into  the  apparatus,  the  bulbs  became  completely  filled  with  bromide. 
The  open  ends  of  the  bulbs  were  then  connected  with  a  vacutmi  pump 
and  either  sufficient  bromide  evaporated  in  a  vacuum  so  the  expansion 
to  the  liquid  completely  filled  the  tube  when  it  was  sealed  and  heated, 
or  so  much  more  that  a  vacuum  remained  in  the  narrow  ends  above  the 
Hquid.  The  experimental  difficulties  in  these  experiments  were  consider- 
able and  the  results  are  not  as  concordant  among  themselves  as  those 
obtained  in  some  of  the  previous  series.  At  108*^  for  15  minutes,  the  mean 
p)ercentage  of  a  number  of  experiments  was  in  the  hquid  phase  alone  1 1 .6% 
and  in  presence  of  a  vacuum  it  was  1 1.4%.  It  may  be  concluded,  with 
considerable  probability  from  these  results,  that  there  is  littie  or  no  dif- 
ference in  the  rearrangement  of  isobutyl  bromide,  when  it  is  in  a  hquid, 
or  in  a  Uquid-gaseous  condition,  and  they  confirm,  therefore,  the  conclusion 
from  simpler  and  more  decisive  experiments.  Furthermore,  a  com- 
parison of  these  values,  with  the  normal  value  in  the  presence  of  air, 
which  is  12.8%  under  the  same  conditicHis,  corroborates  the  previous 
conclusion  that  air  acts  as  a  positive  catalyte  on  the  rearrangement. 
Influence  of  Ground  Surfaces  on  the  Rearrangement. 

Abnormal  results  are  obtained  when  the  bromide  is  heated  in  small 
Hofmann  botties  with  grotmd  glass  stoppers,  whether  they  are  made  of 
soft  glass  or  of  quartz.  In  the  following  experiments,  the  interior  di- 
mensions (S  the  botties  employed  were  17  mm.  high  and  4  mm.  wide 
and  they  were  heated  i  hour  at  108°:^ 

Kearrangement.  In  entirely  li<|uid  phaae.  With  air. 

Glass 5.3,  *5.9»  *4.3»  54%         13.4.  "-3,    10.5*% 

Quartz 1.8,    1.7,    2.2,2.1%  4.5,    3.9,*    2.9*% 

^  The  figures  without  asterisks  were  obtained,  using  the  same  bottle;  those  which 
have  a  single  mark  were  made  in  different  ones. 
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These  results  show  that  not  only  is  there  a  considerable  difference 
between  the  values  obtained  in  glass  and  in  quartz,  but»  also,  when  the 
bromide  is  present  solely  in  a  liquid  state  and  when  air  is  present,  although 
there  were  only  small  bubbles  in  the  vessels.  The  influence  of  ground 
surface  in  decreasing  the  rearrangement  is  shown  very  markedly  in  the 
following  series  of  experiments,  where,  in  the  presence  of  air,  the  bromide 
was  heated  in  a  quartz  bottle  with  a  long  narrow  neck  (6  cm.)>  whose 
bulb  was  only  partially  filled  with  liquid,  and  in  a  completely  filled  Hofmann 
botde  of  quartz. 

Short  bottle  :   4.2,    4.2,    5.0%  after  Vs  hour 

Long  bottle  :  11.7,  10.4,  11.4%  after  V4  hour 

We  noticed  that  bromide  kept  in  bottles  with  ground  glass  stoppers 
gradually  became  somewhat  colored  and  that  the  coloration  was  quite 
marked  at  the  ground  surfaces,  which  had,  evidently,  slowly  decomposed 
the  substance.  Traces  of  such  decomposition  products  are  probably 
formed  on  heating  the  bromide,  when  it  is  in  contact  with  ground  surfaces, 
and  they  act  as  negative  catalytes.  In  the  presence  of  air  in  a  small 
Hofmann  bottle  the  Uquid  comes  much  less  in  contact  with  the  ground 
surface,  and  still  less  in  the  long  neck  vessels,  and  there  is,  therefore,  a 
corresponding  decrease  in  the  formation  of  by-products.  Even  at  a 
higher  temperature  and  with  air  space  the  percentage  of  rearrangement 
in  a  Hofmann  bottle  of  quartz  is  slow;  thus  for  i  hour  at  184^  only  3.3, 4.2 
and  6.9%  tertiary  bromide  were  formed,  while  67%  was  obtained  in  a 
glass  bulb,  under  the  same  conditions. 

Rearrangement  in  Gaseous  Condition. 

A  thin,  sealed  bulb  containing  isobutyl  bromide  was  brought  into  a 
wide  glass  tube,  which  was  then  evacuated  to  i  mm.  pressure  and  sealed, 
when  the  bulb  was  broken.  The  tube  was  heated,  then  cooled  off  in  a 
freezing  mixttu'e,  the  contents  washed  out  with  water  and  alcohol  and  the 
analysis  made  in  the  usual  manner.  The  results  are  2-3%  low,  as  there 
is  a  mechanical  loss  in  the  manipulation.^ 

Heating  3  horn's  at  100 **  gave  2.3%  tertiary  product;  25  minutes  at  184^, 
in  a  tube  of  Jena  hard  glass,  gave  34.0%  and  in  one  of  a  soft  glass  53.5%. 
These  results  are  very  much  higher  than  those  Michael  and  Leupold* 
obtained  with  their  product,  who  noticed  no  change  on  heating  to  142  ^ 
for  14  hours  and  only  2.7%  at  184**  for  2V2  hours,  and  they  ^ow  how 
markedly  the  reaction  in  gaseous  condition  depends  on  the  ptuity  of  the 
isobutyl  bromide. 

Vapor  Density  Determinations. 

V.  Meyer's  method  was  used,  but  care  was  taken  to  carry  out  the  opera- 
tion in  a  dry  atmosphere,  as  Konowalow^  believed  that  moisture  affects 
1  Michael  and  Leupold,  Ann,,  379,  313. 
*/Wa.,  379,  314(1910). 
» Ber.,  x8,  2808  (1885). 
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the  results.  The  apparatus  was  thoroughly  deaned  after  each  deter- 
mination, carefully  dried  and  the  evolved  gas  collected  over  70%  sul- 
furic add. 

In  the  following  two  determinations  Hofmann  bottles  of  quartz  were 
used,  which  were  introduced  into  the  apparatus  through  a  Mahlmann 
stopcock;  the  bottom  of  the  Meyer  tube  was  covered  with  very  thin 
rods  of  Jena  hard  glass.    The  temperature  of  the  bath  was  142^. 

I.  n. 

Substance 0.0944  g.  o.ii85g. 

Volume  of  gaa 18.03  cc  22 .23  cc 

Pressure 757.0 mm.  760.5  mm. 

Temperattffe..... 26.4®  25.5® 

Found  density 6S.7  69. i 

Calculated  density 68.5  68.5 

The  volume  of  evolved  gas  became  constant  after  several  minutes  and 
then  imderwent  no  change,  even  though  heated  for  Vi  hour.  After  cooling, 
the  Meyer  tube  was  washed  out  with  alcohol  and  the  amotmt  of  tertiary 
bromide  present  determined  in  the  usual  manner;  in  I  2.4%  and  in  II 
5.0%  was  found,  which  results  are  probably  several  per  cent,  too  low. 

In  other  similar  experiments  after  the  volume  of  gas  remained  constant, 
we  introduced  sand  and  asbestos,  which,  according  to  Konowalow^  act 
catal3rtically  on  the  dissodation  of  tertiary  amyl  chloride  and  other 
analogous  compotmds.  The  addition  of  these  substances  had  no  effect; 
nor  did  powdered  "Geraete"  glass,  which  accderates  the  rearrangement 
of  liquid  isobutyl  bromide  so  greatly. 

The  following  determinations  were  done  at  184**;  in  I  a  quartz,  in  II 
a  Jena  hard  glass,  Hofmann  bottle  was  employed,  and  in  both  experiments 
the  bottom  of  the  Meyer  tube  was  uncovered;  in  III  a  hard  glass  bottle 
was  used,  and  there  were  thin  rods  of  the  same  material  in  the  apparatus. 

I.  n. 

Substance o.  1223  g.  0.0942  g. 

Pressure 763.5  mm.  762.8  mm. 

Temperature 21.3®  22.6® 

Volume  of  gas 23.1,  33.5  cc.  18.05,  25.85  cc. 

Height  of  add 30.1,20.6  cm.  34.8,27.6  cm. 

Pound  densities 66.8,45.4  66.7,45.9 

Dissodation Above  50% 

I  and  II  were  done  with  the  same  preparation  (VIII) ;  Experiment  III, 
which  was  done  with  a  different  one,  gave  a  final  density  of  48.5.  After 
heating  about  one  minute  in  all  the  determinations,  the  rapid  evolution 
of  gas  ceased,  and  the  voltmies  corresponded  to  about  that  of  the  normal 
density;  then  a  slow  generation  of  bubbles  kept  up  for  about  15  minutes. 

Cambridos.  Mam. 
»  Ber.,  x8,  2808. 
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[Contributions  from  thb  Chbhical  Laboratory  of  Harvard  Univskbity.] 
CERTAIN  DERIVATIVES  OF  TETRABROMO-o-QUINONB.' 

By  C.  Lokino  Jackson  and  Sydnsy  A.  B900B. 
Received  January  6,  1916. 

This  paper  contains  an  account  of  our  study  of  the  behavior  of  tetra- 
bromo-o-quinone  with  dipotassium  sulfide,  and  with  dimethylamine. 

When  a  solution  of  tetrabromo-(7-quinone  in  benzene  is  shaken  with 
aqueous  dipotassium  sulfide,  the  principal  product  is  potassium  dibromo- 
p)nrocatechindisulfonate,  C6Br3(OH)2(SO«K)2,  from  which  we  prepared 
the  barium  salt  CflBr2(OH)2(S08)2Ba.3H20,  and  the  calcium  salt 
CflBr2(OH)2(S03)2Ca.4H20.  If  this  potassium  salt  was  moistened  with 
strong  nitric  acid  with  careful  cooling,  a  red  product  was  obtained,  which 
we  think  is  potassium  dibromo-(7-quinonedisulfonate,  C6Br202(SOtK)2, 
contaminated  with  a  little  potassium  nitrate,  which  we  were  unable  to 
remove.  This  substance  dissolved  in  cold  water,  a  little  less  than  a  gram 
being  taken  up  by  i  cc.  of  water;  but,  if  the  solution  stood  overnight  at 
ordinary  temperatures,  it  deposited  much  less  soluble  red  crystals  of  the 
tripotassium  euthiochronate,  which  was  identified  by  conversion  into  the 
tetrapotassium  salt,  when  the  characteristic  change  of  color  with  analyses 
of  this  latter  salt  left  no  doubt  about  the  nature  of  the  substance. 

CeBr202.(SOaK)2  +  2H2O  =  C6(OH)202(S08K),  +  2HBr. 
After  this  reaction  had  taken  place  the  dioxyorthoquinone  would  at  once 
change  to  the  more  stable  ^-quinone  (euthiochronic  acid)  according  to 
all  the  observations  of  similar  cases.    The  euthiochronate  was  also  formed 
by  the  action  of  potassium  hydroxide  solution. 

Our  reasons  for  believing  that  the  immediate  product  from  the  action  of 
nitric  add  contains  an  orthoquinone  group  are:  its  red  color,  the  ease  with 
which  water  converts  it  into  a  euthiochronate,  and  the  extreme  activity 
of  the  atoms  of  bromine  in  it,  since  they  are  removed  from  it  by  water  at 
ordinary  temperatures,  whereas  the  original  potassium  dibromopyro- 
catechindisulfonate  gave  up  no  bromine  even  to  boiling  water,  and  with 
a  solution  of  potassium  hydroxide  it  was  necessary  to  heat  in  order  to  form 
the  euthiochronate.  That  the  orthoquino  group  has  a  very  vigorous 
action  in  loosening  halogen  atoms  associated  with  it  has  been  shown  by 
all  our  experience.  The  objection  that  the  red  color  of  our  product  may 
be  caused  by  the  presence  of  tripotassium  euthiochronate  is  met  by  the 
observation  that  the  solution  of  our  salt  deposits  crystals  of  the  euthio- 
chronate on  standing  for  some  hours,  so  that  it  must  be  less  soluble  than 
our  product,  and  seems  to  be  formed  from  it  gradually  by  the  action  of 
water. 

^  The  work  described  in  this  paper  formed  part  of  a  thesis  presented  to  the  Faculty 
of  Arts  and  Sciences  of  Harvard  University  for  the  degree  of  Doctor  of  Philosophy  by 
Sydney  Adams  Beggs. 
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As  it  seemed  probable  that  so  negative  an  o-quinone  as  the  potassium 
dibromo-o-qtdnonedisulfonate  would  behave  like  tetrabromo-(7-quinone, 
we  tried  some  experiments  in  the  hop)e  of  obtaining  a-addition  compounds^ 
from  it;  but  after  six  months  no  action  could  be  observed  with  ethyl,  or 
benzyl  alcohol,  and  although  methyl  alcohol  gave  a  white  product,  its 
amount  was  too  small  to  determine  its  nature. 

The  potassium  dibromo-o-quinonedisulfonate,  when  made  with  nitric 
add,  contained  an  impurity  of  niter,  as  aheady  mentioned.  In  the  hope 
of  obtaining  it  free  from  impurity  we  exposed  potassium  dibromopyro- 
catechindisulfonate  to  electrolytic  oxidation,  but  although  the  quinone 
salt  was  formed,  as  shown  by  the  red  color,  we  could  not  obtain  it  in  this 
way,  since  by  the  time  the  p3rrocatechin  salt  was  completely  oxidized 
the  greater  part  of  the  red  quinone  salt  had  been  destroyed,  showing  that 
it  is  as  susceptible  to  oxidation  as  its  mother  substance.  If  the  action 
was*  continued,  tiU  the  red  color  had  gone,  most  of  the  organic  matter 
seemed  to  have  been  burnt  up,  but  a  small  3Hield  of  pentabromoacetone 
was  obtained.  This  was  recognized  by  bromine  and  molecular  weight 
determinations,  which  were  necessary,  as  we  found  its  melting  point 
73-74°  (uncorr.),  whereas  it  is  given  by  Beilstein  as  ^6^.  In  a  research 
on  hexabromodiacetyP  Adams  and  one  of  us  also  encountered  penta- 
bromoacetone, and  entirely  independently  found  its  melting  point  73^ 
(uncorr.).  An  examination  of  the  work  of  others  on  this  subject  shows 
that  we  are  not  alone  in  this  experience,  Wilde*  giving  71-72®,  Wichel- 
haus*  74°,  Steiner*  74**,  while  the  higher  melting  points  were  obtained 
by  Benedikt*  76®,  and  Zincke  and  Kegel^  7^77**-  The  explanation  of 
these  discrepancies  is  probably  to  be  found  in  the  observation  of  Benedikt 
that  the  alcoholic  solution  of  pentabromoacetone,  although  neutral  at 
first,  in  a  few  hours  becomes  acid  and  smells  of  bromoform.  In  all  the 
cases  with  lower  melting  points  the  crystallization  was  carried  on  in 
alcohol,  and  enough  impurity  may  have  been  formed  to  lower  the  melting 
point,  although  it  did  not  show  in  the  analyses  in  any  case  except  Steiner's, 
whose  product  was  so  impure  that  the  analyses  misled  him  at  first  in 
regard  to  its  nature.*  The  highest  result — that  of  Zincke  and  Kegel — 
was  obtained  after  crystallization  from  ether  and  benzene.  Benedikt 
speaks  of  crystallizing  from  alcohol  or  chloroform.  If  our  explanation  is 
•correct  his  melting  point  was  probably  taken  after  the  use  of  the  latter. 

^  Jackson  and  Porter,  Am,  Chem,  J.,  3X9  89  (1904). 

■  Tma  Journal,  37f  253a  (1915). 

» Ann.,  xa7,  167  (1863). 

*Ihid.,  153,260  (1869). 

»  Ber.,  7,  505  (1874). 

•  Ann.,  189,  168  (1878). 

'  Ber.,  33,  1725  (1890). 

<  Steiner,  Ibid.,  7,  1284  (1874). 
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As  already  stated,  when  a  solution  of  dipotassium  sulfite  was  shaken 
with  a  benzene  solution  of  tetrabromo-{?-quinone,  the  product  was  potas- 
sium dibromopyrocatechindisulf onate,  but  with  this  there  was  formed  a 
small  quantity  of  another  white  salt,  which  could  be  made  the  principal 
product  of  the  reaction  by  heating  the  solution  of  the  dipotassium  sulfite 
to  50^  before  shaking  it  with  the  benzene  solution  of  tetrabromo-<7- 
quinone  instead  of  carrying  on  the  reaction  in  the  cold.  In  this  connection 
we  had  the  strange  experience  of  finding  we  could  not  prepare  this  new 
salt  for  nearly  a  y^ar,  the  potassimn  dibromopyrocatechindisulfonate 
being  the  only  product  obtained  under  conditions  which  both  before  and 
after  it  gave  the  new  compound  invariably.  In  spite  of  a  careful  study 
we  are  able  to  give  no  explanation  of  this  phenomenon. 

The  complete  analysis  of  this  compound  led  to  the  formula 
C6(SO«K)80sH8,  or  some  multiple  of  it,  which  would  make  it  the  o-thio- 
chronate  retaining  like  the  corresponding  para  compotmd  one  molecule 
of  water  at  130°  (4  molecules  of  water  were  lost  below  130°  leaving  the 
formula  given  above).  We  cannot,  however,  accept  this  view  of  its  con* 
stitution  for  the  following  reasons:  The  p-thiochronate  has  a  distinct 
yellow  color,  and  in  view  of  the  fact  that  c^-quinones  are  more  highly 
colored  than  ^quinones,  the  o-thiochronate  should  be  red,  but  the  new 
compound  is  white.  The  thiochronate  is  easily  converted  into  a  euthio- 
chronate  by  potassium  hydroxide;  the  new  compound  can  be  boiled  with 
a  strong  solution  of  this  reagent  without  change.  Hydrochloric  acid  also 
reacts  with  the  thiochronate,  when  boiled  with  it,  but  the  new  com- 
pound is  unaflfected  by  it  below  150®,  at  which  temperature  it  is  com- 
pletely charred.  The  thiochronate  gives  an  intense  brown-red  color  with 
ferric  chloride;  the  new  compound  barely  deepens  the  yellow  color  of  the 
reagent  and  it  does  not  reduce  a  solution  of  a  silver  salt,  whereas  the  thio- 
chronate does.  The  a-water  addition  compound^  of  the  (7-thiochronate 
containing  one  molecule  of  water  of  crystallization  should  have  all  the 
KSO,       Qjj  „^       SOiK 


SO,K  ^•^  ^^'        SO,K 

properties  enumerated  above  except  the  indifference  to  boiling  hydro- 
chloric add,  since  the  water  compound  of  tetrabromo-o-quinone  is  affected 
by  this  reagent,  but  as  the  action  consists  in  the  formation  of  chlorine,  and 
therefore  is  evidently  due  to  the  free  carbonyl  in  the  bromine  compound, 
which  does  not  exist  in  our  salt,  the  difference  does  not  teU  strongly 
against  our  formula.  Further,  such  a  derivative  would  be  expected  from 
^  Jackson  and  Porter,  Am.  Chem,  J.,  31,  109  (1904);  Jackson  and  MacLauxin,  Ibid,, 
37i  87  (1907). 
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the  o-thiochronate,  if  this  were  the  first  product  of  the  reaction,  as  the 
molecule  is  highly  charged  with  negative  radicals,  which,  so  far  as  is  known, 
favor  the  formation  of  these  addition  compounds.  As  already  stated  it  is 
necessary  to  assume  the  presence  of  a  molecule  of  water  even  at  130^, 
but  this  does  not  tell  against  om-  formula,  as  Graebe^  found  that  the 
thiochronate  also  retains  a  molecule  of  water  at  such  high  temperatures. 
We  have  adq;>ted  provisionally  this  formula  for  the  substance  for  the 
reasons  given  above,  but  it  must  be  remembered  that  it  cannot  be  finally 
accepted,  until  it  has  been  confirmed  by  additional  experiments. 

As  aniline  gave  a  nmnber  of  well-marked  derivatives'  with  tetrabromo- 
^-quinone,  we  thought  that  equally  good  results  might  be  obtained  by  the 
action  of  secondary  amines,  but  our  experiments  in  this  direction  were 
disappointing.  Methylaniline  gave  only  a  tar,  although  we  tried  a  great 
many  conditions  of  temperature  solvents  and  proportions;  and  from 
dimethylaxnine  we  obtained  only  one  product  in  unstable  black  crystals, 
thrown  down  when  it  was  passed  into  a  solution  of  tetrabromo-(?-quinone. 
Its  formula  is  probably  C«Br4Cyj(NH(CH«)i)2.  The  tetrachloro-o-quinone 
gave  a  corresponding  product.  They  seem  to  belong  with  the  similar 
addition  compounds  sometimes  classed  with  the  quinhydrones. 

Experimental. 

Action  of  Dipotassium  Sulfite  on  Tetrabromo-o-quinone  in  the  Cold. 
IMbromopyrocateciundisulfonic  Acid. — ^The  dipotassium  sulfite  used  in 
this  work  was  prepared  by  dissolving  112  g.  of  potassium  hydroxide  in 
100  cc.  of  water,  and  passing  into  the  solution  the  sulfur  dioxide  obtained 
from  120  g.  of  add  sodium  sulfite  with  dilute  sulfuric  add.  Care  must  be 
taken  that  none  of  the  sodium  salt  spatters  over  into  the  potassium  salt 
solution.  Upon  diluting  to  316  cc.  a  solution  was  obtained,  2  cc.  of  which 
contained  i  g.  of  KsSOs. 

Fifty-six  cc.  of  this  solution  diluted  to  100  cc.  were  placed  in  a  250  cc. 
Erlenmeyer  flask,  and,  after  cooling  with  ice  to  about  10^,  10  g.  of  tetra- 
bromo-(?-qtunone  dissolved  in  60  cc.  of  benzene  were  added,  the  two 
liquids  thoroughly  shaken  together,  and  immediately  filtered  to  remove  a 
small  amount  of  white  scum  that  formed  at  the  surface  of  contact.  In  the 
filtrate  it  was  observed  that  the  red  color  had  been  transferred  from  the 
benzene  to  the  aqueous  liquid  showing  that  a  reaction  had  taken  place, 
but  on  standing  for  15  to  30  minutes  this  red  color  gradually  disappeared 
from  the  sulfite  solution  also,  and  crystals  were  deposited,  the  amount  of 
which  increased  on  standing  overnight.  These  white  needles  were 
purified  by  crystallization  from  water.  Some  drying  experiments  showed 
that  the  salt  was  free  from  water  of  crystallization.  It  was  dried  at  120® 
for  analysis. 

^  Ann.,  146,  40  (1868). 

*  Jackson  and  Porter,  Am.  Chem.  J.,  30,  518  (1903). 
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Subs.,  0.1422,  0.1777,  0.1794;  AgBr,  0.1056;  KtSOi,  0.0611;  BaSOi,  0.1629  by  the 
method  of  Carius. 

Calc.  for  CtBra(OH)t(SOiK)t:  Br,  31.75,  K,  15.52,  S,  12.70.    Found:  Br,  3100, 
K  I5.44r  S  12.47. 
The  substance  is  therefore  potassium  dibromop)rrocatechindisulfonate. 

Properties. — It  crystallizes  in  clusters  of  white  needles,  easily  soluble  in 
hot  water,  less  so  in  cold;  insoluble  in  alcohol,  or  ether.  Lead  acetate 
throws  down  from  its  solution  a  white  lead  salt,  which  is  slightly  soluble 
in  water,  but  as  this  undoubtedly  contained  basic  salt,  it  was  not  analyzed. 
Silver  nitrate  is  reduced  by  it  on  standing.  Ferric  chloride  gives  a  deep 
blue  color  with  it.  A  hot  solution  of  potassium  hydroxide  turns  it  dark 
brown,  and  converts  it  after  boiling  for  two  hours  into  potassium  euthio- 
chronate,  recognized  by  its  characteristic  color  reactions. 

Barium  Dibromopyrocatechindisulfonate,  CflBr2(OH)2(S03)2Ba.3H20. — 
It  was  a  matter  of  some  difficulty  to  obtain  this  salt  free  from  potassium. 
The  lead  salt  precipitated  with  lead  acetate  from  a  hot  concentrated  solu- 
tion of  the  potassium  salt  was  so  gelatinous  that  a  considerable  amount  of 
potassium  acetate  was  retained  by  it,  and  this  was  only  partially  removed 
by  boiling  the  precipitate  3  or  4  times  with  small  quantities  of  water,  and 
these  boilings  could  not  be  continued  beyond  this  on  accoimt  of  the 
solubility  of  the  lead  salt  in  hot  water,  which,  however,  was  not  great 
enough  to  permit  its  purification  by  crystallization. 

At  last  we  proceeded  as  follows:  The  lead  salt  made  and  partially 
freed  from  potassium  acetate  as  described  in  the  last  paragraph  was  mixed 
with  a  little  cold  water,  and  treated  with  a  slight  excess  of  dilute  sulfuric 
add.  After  the  mixture  had  stood  for  some  time  with  occasional  stirring, 
the  lead  sulfate  was  filtered  off,  and  the  filtrate  shaken  with  barium  car- 
bonate. It  was  then  warmed  on  the  steam  bath  to  complete  the  reaction 
and  drive  off  the  carbon  dioxide,  and  the  filtrate  was  evaporated  to  dry- 
ness, after  which  it  was  crystalhzed  once  from  hot  water,  when  it  was 
found  by  the  flame  test  that  the  impurity  of  potassium  salt  had  been 
removed. 

Subs.,  air  dried,  0.3094,  0.2288,  0.3090.    Loss  at  110°,  0.0277,  0.0198,  0.0268. 
Subs,  dried  at  110°,  0.2835,  0.2815;  BaS04,  0.1174,  0.1142. 

Calc  for  CtBr,(OH),(SO«)t  Ba.3H,0:  H,0,  8.75.    Found:  H,0,  8.95,8.66,8.67. 
Calc.  for  C«Br«(OH)i(SOi)iBa:  Ba,  24.39.    Found:  Ba,  24.32,  23.85. 

It  is  a  white,  crystalline  salt,  more  soluble  in  hot  water  than  in  cold; 
insoluble  in  alcohol. 

Calcium  Dibromopyrocatechindisulf  onatei  C6Brs(OH)t(SOa)sCa4HsO. — 
This  substance  was  made  in  the  same  way  as  the  barium  salt  except  that 
the  ptu'ified  lead  salt  was  treated  with  an  amount  of  dilute  sulfuric  add 
insufficient  to  act  on  all  the  lead.  The  filtrate,  after  a  small  portion  had 
shown  the  absence  of  sulfuric  acid  by  the  usual  test,  was  treated  with 
calcitun  carbonate,  and  ptuified  in  the  same  way  as  the  barium  salt. 
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Subs.,  air  dried,  0.4467,  0.3005.    Loss  at  120*,  0.0569,  0.0384. 

Calc.  for  CflBr,(OH),(SOi)3Ca.4HiO:  HiO,  1339.    Found:  HtO,  12.74,  12.7S. 

Subs,  dried  at  120  ^  0.2352;  CaSOi,  0.0676. 

Calc.  for  C«Bri(OH)t(SOi)iCa:  Ca,  8.59.    Found:  Ca,  8.45. 

It  is  a  white  crystalline  solid,  easily  soluble  in  water;  insoluble  in  alcohol. 

Oiu:  attempts  to  prepare  dibromopyrocatechindisulfonic  acid  failed 
because  of  the  instability  of  the  acid.  The  solution  obtained  from  the 
lead  salt  with  insufficient  sulfuric  acid  turned  red,  even  when  evaporated 
at  ordinary  temperatures  whether  spontaneously,  or  by  means  of  a  blast 
of  air,  and  although  the  residue  was  white,  it  evidently  was  not  a  sulfo- 
add,  and  could  be  obtained  only  in  very  small  quantity.  Sulfuretted 
hydrogen  even  on  long  standing  gave  only  a  sUght  decomposition  of  the 
lead  salt,  and  we  did  not  succeed  in  freeing  the  filtrate  from  colloidal  lead 
sulfide. 

Action  of  Nitric  Acid  on  Potassium  Dibromopyrocatechindisulf  onate. — 
Five  grams  of  the  finely  pulverized  salt  were  thoroughly  cooled  in  a  glass 
dish  immersed  in  ice,  and  moistened  with  strong  nitric  add,  when  the 
appearance  of  a  red  color  showed  that  a  reaction  had  taken  place.  To 
complete  this  the  mixture  was  allowed  to  stand  for  some  time  in  the  ice» 
as  at  ordinary  temperatures  the  first  product  is  decomposed.  When 
the  mass  became  stiff  and  pasty,  it  was  grotmd  with  a  pestle  to  bring  the 
add  into  contact  with  the  salt  as  completely  as  possible;  and  when  in 
spite  of  the  cooling  red  nitrous  fumes  began  to  come  off  rapidly,  the 
action  was  stopped  by  the  addition  of  alcohol,  and  afterward  the  mass 
was  washed  thoroughly  with  alcohol.  We  could  find  no  method  of  freeing 
this  substance  from  an  impurity  of  potassium  nitrate,  as  the  only  solvent 
for  it  was  water,  and  this  decomposed  it  even  in  the  cold. 

On  one  occasion  a  spedmen  was  obtained,  which  gave  a  percentage  of 
potassitmi  only  about  1%  higher  than  that  required  by  potassium  di- 
bromo-o-quinonedisulfonate,  C6Br802(SOsK)8,  and  this  spedmen  contained 
an  impurity  of  niter,  as  was  shown  by  thd  diphenylamine  test.  About 
4  g.  of  the  crude  red  salt  were  obtained  from  5  g.  of  the  pyrocatechin 
salt.  Our  reasons  for  considering  this  product  a  quinone  are  given  in  the 
introduction. 

The  greater  part  of  5  g.  of  the  red  salt  dissolved  in  5  cc.  of  cold  water» 
but  if  the  filtered  solution  was  allowed  to  stand  overnight,  it  depositied 
red  crystals,  which  were  obviously  different  from  the  quinone  salt,  as  they 
were  so  much  less  soluble.  In  one  experiment  these  crystals  weighed 
0.8  g.,  and  0.7  g.  in  addition  was  obtained  by  evaporating  the  filtrate 
to  half  the  original  volume;  but  further  evaporation  gave  only  a  tarry 
residue.  This  new  red  salt  was  free  from  bromine,  and  was  recognized 
as  tripotassium  euthiochronate  by  the  addition  of  potassium  hydroxide, 
which  converted  it  into  the  yeUow  tetrapotassium  salt,  and  this  gave  the 
following  results  on  analysis: 
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Calc.  for  CXOj(OK)i(SOjK)iH,0:  H,0,  386.    Found:  H,0,  4.25,  4^6. 
Calc.  for  CftOt(OK)i(SOiK)a:  K,  3457.    Found:  K.  3460. 

Our  analyses  of  the  tripotassium  salt  gave  unsatisfactory  results,  ap- 
parently from  the  formation  of  some  tetrapotassium  salt  during  its  at- 
tempted purification  by  crystallization  from  water. 

Specimens  of  the  crude  potassimn  dibromo-(7-quinonedisulfonate  were 
allowed  to  stand  with  methyl,  ethyl,  and  benzyl  alcohols  in  the  hope  of 
obtaining  a-  or  /^-addition  compotmds  similar  to  those  obtained  from 
tetrabromo-o-quinone,*  and  after  6  months  it  was  found  that  a  white 
crust  had  formed  on  the  surface  of  the  specimen  with  methyl  alcohol, 
but  no  action  was  visible  in  the  other  two  experiments.  This  may  have 
been  the  desired  a-addition  compound,  but  the  amount  was  too  small 
for  us  to  determine  its  nature.  Owing  to  the  insolubility  of  the  salt  in 
alcohol  such  a  sluggish  action  would  be  expected  here,  but  we  could  devise 
no  way  of  hastening  it,  since  the  salt  is  decomposed  by  water,  in  which 
alone  it  is  soluble. 

.Electrolytic  Oxidation  of  Potassium  Dibromopyrocatechindistxlfonate. 
— ^This  work  was  tmdertaken  in  the  hope  of  preparing  the  orthpquinone  salt 
in  a  state  of  purity.  Five  grams  of  the  dibromopyrocatechindistdfonate 
were  dissolved  in  125  cc.  of  water,  and  put  in  a  porous  cup  surroimded  by 
the  same  solution.  The  anode,  a  square  piece  of  platinum  foil,  was  im- 
mersed in  the  cup,  and  a  current  of  about  0.8  ampere  was  passed  through 
the  solution,  which  turned  red,  indicating  the  formation  of  the  o-quinone 
salt,  but  we  did  not  succeed  in  isolating  it,  because  tests  showed  the 
presence  of  the  pyrocatechin  salt  also,  and  owing  to  the  easy  decomposi- 
tion of  the  quinone  salt  it  could  be  obtained  pure  only  as  the  direct  product 
of  the  reaction,  any  attempt  to  crystallize  it  from  water  converting  it 
into  the  euthiochronate.  As  the  pyrocatechin  salt  disappeared  from  the 
solution,  the  red  color  also  vanished,  and  after  passing  the  current  for 
24  hours  the  only  product  we  could  find  was  a  white  solid  insoluble  in 
water.  Most  of  the  salt  seemed  to  have  been  bmut  up,  however,  as  the 
average  yield  of  the  white  product  was  0.15-0.3  g.  from  5  g.  of  the  salt. 
This  substance,  which  contained  no  sulfur,  was  aystallized  from  dilute 
alcohol,  until  it  showed  the  constant  melting  point  73-74*  (uncorr.), 
when  it  was  proved  to  be  pentabromoacetone  by  the  following  determina- 
tions: 

Calc.  for    CBriCOCBnH:  Br,  88.31;  M.  W.,  453.    Found:  Br.  88.51.  88.76; 
M.  W.,  444,  412. 

The  reason  for  oiu*  low  melting  point  (73-74  ^^  instead  of  76®)  has  been 
considered  in  the  introduction. 

Action  of  a  Warm  Solution  of  Dipotassium  Sulfite  on  Tetrabromo-o- 
quinone. — ^When  tetrabromo-(7-quinone  was  treated  with  a  cold  solutiofi 
1  Jackson  and  Porter,  Am,  Chem,  J„  31,  89  (1904). 
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of  dipotassium  sulfite,  the  principal  product  was  potassium  dibrotno- 
pyrocatechindisulf onate  as  already  described,  but  in  addition  to  this  there 
was  also  formed  a  minute  amount  of  another  substance  crystallizing  in 
white  plates,  which  differed  from  the  principal  product  i;i  that  it  gave 
an  insoluble  barium  salt,  and  remained  colorless  with  ferric  chloride 
(instead  of  tinning  blue),  and  ^-ith  nitric  add  (instead  of  giving  a  red 
color).  By  carrying  on  the  reaction  at  a  higher  temperature  this  new 
compound  became  its  principal  product.  28  g.  of  dipotassium  sulfite 
dissolved  in  100  cc.  of  water  were  heated  to  50°,  and  shaken  with  10  g. 
of  tetrabromo-(7-quinone  dissolved  in  60  cc.  of  benzene.  The  red  color 
was  transferred  from  the  benzene  to  the  aqueous  solution,  but  on  standing 
overnight  it  disappeared  entirely,  and  white  crystals  were  deposited. 
The  strength  of  the  sulfite  solution  does  not  affect  the.  product,  the  same 
compound  being  obtained  with  200  cc  or  56  cc  of  water.  50  g.  of  tetra- 
bromo-<7-quinone  yielded  about  35  g.  of  the  crude  product. 

Our  experience  with  this  preparation  was  very  strange.  We  tried  it 
first  in  the  spring  of  191 2,  and  in  the  autumn  of  the  same  year  we  studied 
the  effect  of  different  conditions  of  temperature  and  concentration  on  the 
process,  and  foimd  that  by  varying  the  temperature  we  could  prepare  at 
win  either  the  new  substance,  or  potassium  dibromopyrocatechindisul- 
fonate.  We  accordingly  used  our  supply  of  the  new  compound  freely, 
but  when  in  December  we  tried  to  make  more  of  it,  we  could  get  nothing 
but  potassium  dibromop3rrocatechindisulfonate  under  conditions  which 
had  given  the  white  substance  in  quantity  in  our  earUer  work.  We  next 
made  a  careful  study  of  all  the  conditions  of  the  reaction,  but  no  changes 
in  the  temperature,  concentration  of  the  solutions,  or  nature  of  the  prep- 
arations of  the  tetrabromopyrocatechin  or  dipotassium  sulfite  led  to  the 
desired  result.  In  every  case  the  product  was  the  potassium  dibromo- 
pyrocatechindisulf onate.  In  the  autumn  pi  19 13,  however,  we  repeated 
the  preparation,  and  then  obtained  the  new  compoimd  again  without 
difficulty  by  the  method  described  above.  The  only  differences  we  could 
find  between  the  experiments  that  gave  the  substance  and  those  which 
did  not  were  that  they  were  carried  on  in  the  autumn  instead  of  in  Decem- 
ber and  the  following  months,  and  in  a  different  room  in  the  same  building 
in  the  later  cases.  More  work  is  necessary  to  explain  this  interesting 
experience,  but  we  think  the  explanation  will  not  be  found  in  any  slight 
variations  of  the  conditions  of  the  process,  as  our  careful  study  of  the^ 
led  to  no  result. 

The  process  began  to  3deld  the  new  substance  again,  after  our  work 
together  had  come  so  nearly  to  an  end  that  our  investigation  of  it  is  of 
necessity  somewhat  meager.  It  was  purified  by  3  crystallizations  from 
hot  water,  when  it  was  found  to  combine  no  bromine. 
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Subs.,  o.3664»  0.3420.     Loss  at  120°,  0.0361,  0.333. 

Calc.  for  CuHfSioKioOa<,.8HsO:  HsO.  9.1 1.     Pound:  HsO,  9.85,  9.74. 

Subs,  dried  at  I20^  0.3340,  0.3318,  0.1325,  0.1048,  0.1666,  0.1921,  0.1974;  COt, 
0.1271, 0.1248;  HjO,  0.0199, 0.0227;  BaSOi,  0.2014, 0.1606, 0.2605 ;  K1SO4, 0.1 156, 0.1169. 

Calc.  for  CuHcSioKioOm:  C,  10.03,  H,  0.42,  S,  22.28,  K,  27.20.  Found:  C,  10.40, 
10.26,  H,  0.66,  0.76,  S,  20.87,  21.00,  21.47,  K,  27.02,  26.59. 

These  determinations  of  sulfur  leave  much  to  be  desired,  and  this  is 
undoubtedly  due  to  the  great  difficulty  with  which  the  compound  is 
decomposed  in  the  Carius  tube.  If  the  heating  was  carried  on  for  but  one 
night  as  usual,  only  about  18%  of  S  was  foimd.  To  get  the  results  given 
above  it  was  necessary  to  heat  the  tubes  for  36  hours,  and  it  may  well 
be  that  even  then  a  portion  of  the  substance  had  escaped  decomposition. 
Reasons  have  been  given  in  the  introduction  for  thinking  that  this  is  the 
a-water  addition  product  of  potassium  o-euthiochronate  containing  one 
molecule  of  water,  perhaps  of  crystalHzation,  [C«(SOjK)6(OH)2]20.H20. 

Properties. — It  forms  white  plates,  slightly  soluble  in  cold,  freely  in 
hot  water,  from  which  it  crystallizes  finely,  insoluble  in  alcohol.  Strong 
nitric  acid  has  no  apparent  action  on  it.  Barium  chloride  gives  with  its 
solution  a  white  precipitate,  which  is  soluble  in  hydrochloric  acid.  Silver 
nitrate,  or  lead  acetate  also  gives  a  white  precipitate.  With  the  small 
amount  of  material  at  our  disposal  we  did  not  succeed  in  obtaining  any 
of  these  precipitates  free  from  potassium.  Ferric  chloride  gives  with  a  solu- 
tion of  the  salt  a  yellow  color  somewhat  darker  than  its  own.  An  at- 
tempt to  make  the  sulfochloride  was  unsuccessful.  Heating  the  salt  with 
hydrochloric  acid  in  a  sealed  tube  gave  no  action  below  150**,  and  at  this 
temperature  the  substance  was  charred  completely.  Sodium  hydroxide 
had  no  action  on  the  salt,  even  when  a  strong  solution  was  boiled  with  it. 

Action  of  Dimethylamine  on  Tetrabromo-o-quinone, — Five  grams  of 
tetra-bromo-(7-quinone  were  dissolved  in  50  cc.  of  ether,  and  after  cool- 
ing the  solution  with  ice,  diitiethylamine  was  passed  into  it,  as  long 
as  black  Crystals  separated.  The  same  result  was  obtained  when  alcohol, 
or  chloroform,  was  used  as  the  solvent.  The  black  product  was  recrystal- 
lized  from  benzene,  or  chloroform,  and  dried  rapidly  in  vacuo, 

Calc.  for  C«Br40i(NH(CHi)i)i:  Br,  62.24.    Found:  Br,  62.88,  63.40. 
These  results — the  best  we  obtained — are  as  good  as  could  be  expected^ 
because  the  substance  decomposes  on  solution  forming  a  red  product^  and 
giving  off  the  odor  of  dimethylamine,  and  it  is  also  converted  into  a  tar 
by  standing  dry  for  some  time  even  in  vacuo. 

Properties. — Black  crystals,  which  decompose  between  115°  and  125% 
the  temperature  being  so  much  affected  by  the  conditions  of  heating  that 
no  definite  point  can  be  given.  On  standing  in  the  air  or  over  sulfuric 
acid  it  is  converted  into  a  tar — a  change  which  takes  place  rapidly,  if  the 
substance  has  not  been  washed  and  recrystallized,  and  goes  on  slowly 
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^ven  under  the  most  favorable  conditions.  It  is  soluble  in  alcohol,  acetone, 
chloroform,  benzene,  or  toluene;  slightly  soluble  in  ether;  essentially  in- 
soluble in  water,  or  naphtha.  The  solution  of  the  compound  is  always 
attended  with  decomposition  shown  by  the  appearance  of  a  red  substance 
and  of  a  tar  if  the  solution  is  allowed  to  stand  for  some  time. 

Similar  black  crystals  were  obtained,  when  alcoholic  solutions  of  di- 
methylamine  and  tetrachloro-o-quinone  were  mixed  after  having  been 
cooled  with  ice.  An  analysis  after  washing  with  water  gave  39.50%  CI 
instead  of  the  42.27%  CI  required,  if  one  molecule  of  the  quinone  had 
combined  with  two  of  the  amine.  Owing  to  the  instability  of  the  sub- 
stance, which  prevented  pimfication,  a  better  result  could  not  be  ex- 
pected. On  standing  dry  or  being  dissolved  with  a  view  to  purifying,  it 
was  converted  into*  a  tar,  and  it  decomposed  on  heating.  It  seems, 
therefore,  to  be  a  little  less  stable  even  than  the  corresponding  bromine 
compound,  and  is  less  soluble  than  this,  since  it  is  only  slightly  soluble 
in  alcohol,  or  acetone,  and  nearly  insoluble  in  chloroform,  tetrachloride 
of  carbon,  disulfide  of  carbon,  benzene,  or  toluene,  but  soluble  in  ether. 

Caxbkidoh.  Mass. 


[Contributions  from  thb  Crbmical  Laboratory  of  Harvard  University.] 
NOTE  ON  TETRABROMO-cT-PHENYLENEDIACETAMID. 

By  C.  Lorino  Jackson  and  Sydnby  A.  Brgos.* 
Received  January  6,  1916. 

In  some  earlier  work^  in  this  laboratory  an  attempt  was  made  to  pre- 
pare tetrabromo-(?-phenylenediamine  by  the  action  of  bromine  on  the 
free  base,  but  the  only  products  were  amorphous  red  substances,  which 
were  supposed  to  be  formed  by  the  action  of  bromine  on  the  amino  groups. 
Accordingly  in  taking  up  the  work  again  we  protected  these  groups  by  the 
introduction  of  acetyl,  and  had  no  difficulty  in  obtaining  tetrabromo-<7- 
phenylenediacetamid  (not  melting  below  280°)  by  the  direct  action  of 
bromine  on  dibromo-o-phenylenediacetamid.  When  we  attempted  to 
remove  the  acetyls  from  this  substance  with  sulfuric  acid,  we  found  that 
a  molecule  of  water  was  removed  instead.  This  was  not  unexpected,  but 
we  had  hoped  that  some  other  saponifying  agent  might  be  foimd,  which 
would  yield  the  free  diamine.  With  this  end  in  view  we  tried  a  solution 
of  sodium  hydroxide  in  an  open  vessel,  and  alcoholic  ammonia  in  a  sealed 
tube,  but  each  gave  the  same  result  as  the  sulfuric  acid,  that  is,  a  com- 
pound melting  at  265-266°  (uncorr.),  which  without  doubt  is  the  acet 

*  The  work  described  in  this  paper  formed  part  of  a  thesis  presented  to  the  Faculty 
of  Arts  and  Sciences  of  Harvard  University  for  the  degree  of  Doctor  of  Philosophy 
by  Sydney  Adams  Beggs. 

»  Jackson,  Russe,  Am.  Chem.  J.,  35,  148  (1906). 
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derivative   of   the   2-methyltetrabromobeiizimidazol   of   Baczynski   and 
Niementowski.^ 

In  preparing  the  dibromo-o-phenylenediacetamid  on  one  occasion, 
when  the  action  was  carried  on  in  the  cold,  we  obtained  instead  the 
(7-aminodibromophenyIacetamid  which  melted  at  189^  (uncorr.)* 

Experimental. 

4,6-Dibromo-2-nitroaniline  prepared  according  to  Russe  and  one  of 
US*  was  wanned  on  the  steam  bath  with  an  excess  of  tin  and  strong  hydro- 
chloric add,  until  the  yellow  color  had  gone;  and  after  it  had  cooled,  and 
an  excess  of  sodium  hydroxide  had  been  added,  it  was  extracted  with 
ether,  which  gave  a  3deld  of  about  78%  of  the  theoretical,  whereas  Russe 
by  distillation  with  steam  obtained  only  a  little  over  5%.  This  process, 
however,  had  the  advantage  of  yielding  a  pure  product,  whereas  ours  was 
still  impure. 

2-Amino-4,6-dibromoacetanilid»  C6HsBr2NH2NHC2HsO.— When  the  di- 
bromo-(7-phenylenediamine  was  mixed  with  a  slight  excess  of  acetic 
anhydri^,  a  considerable  amount  of  heat  was  given  off,  and  the  mixture 
solidified.  After  it  had  been  allowed  to  stand  for  10  minutes,  the  product 
was  treated  with  water,  and  warmed,  until  the  excess  of  acetic  anhydride 
had  been  destroyed.  The  crude  acetamid  from  6.5  g.  of  the  amine 
weighed  7  g.  It  was  ptuified  by  frequent  crystallization  from  dilute 
alcohol,  until  it  showed  the  constant  melting  point  189®  (uncorr.). 

Subs.,  0.1479.      AgBr,  0.1797.      Calc  fw    CeHjBrtNHiNHCiHiO:    Br.    51.94. 
Found:  Br,  51.71. 

Properties. — ^White  needles  from  dilute  alcohol  melting  at  189®  (un- 
corr).  It  is  soluble  in  alcohol,  ether,  chloroform,  tetrachloride  of  carbon, 
disulfide  of  carbon,  benzene,  or  toluene;  essentially  insoluble  in  naphtha. 
Tetrabromo-d7-phenylenediacetamid,  CeBr4(NHC2HjO)t. — ^The  dibromo- 
diacetamid  used  in  this  work  was  made  by  the  method  of  Russe  and  one 
of  us,'  wanriing  the  amine  with  acetic  anhydride  for  15  minutes.  We 
found  that  it  could  be  crystallized  either  from  dilute  alcohol,  or  dilute  acetic 
add.  Ten  grams  of  this  substance  were  dissolved  in  glacial  acetic  add, 
and  boiled  under  a  return  condenser  with  10  g.  of  bromine  in  the  sunlight. 
Diuing  the  first  8  hours  of  boiling  there  was  no  apparent  action,  but 
when,  after  standing  overnight,  the  mixture  was  heated  on  the  following 
day,  hydrobromic  add  was  given  off,  showing  that  the  reaction  had  started. 
As  the  boiling  went  on,  more  hydrobromic  acid  came  off,  and  a  white 
solid  was  deposited;  and  when  after  11  hours  no  more  gas  appeared,  the 
product  was  filtered  out,  and  crystallized  three  times  from  dilute  alcohol. 

Subs.,  0.1 1 13.    AgBr,  0.1655.     Calc.  for  C«Br4(NHCiH,0)j:  Br,  62.98.    Found: 
Br,  63.30. 

^  ZetUrlb.,  1902,  II,  940. 

«  Am.  Chem.  /.,  35,  149  (1906). 

» Ibid.,  35,  152  (1906). 
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Properties. — ^White  prisms  from  dilute  alcohol,  which  did  not  melt 
even  at  280^.  It  is  soluble  in  alcohol;  slightly  soluble  in  ether;  essentially 
inscduble  in  water,  chloroform,  acetone,  glacial  acetic  add,  naphtha,/or 
benzene. 

2-Methyltetrabromobenzacetimidazol,  C«Br4\     ^CHt-  —  One  gram 

of  tetrabromo-(7-phenylenediacetamid  was  boiled  under  a  return  condenser 
with  equal  parts  of  sulfuric  acid  and  water  for  4  hours,  when  upon  adding 
sodium  hydroxide  to  the  solution  a  precipitate  was  thrown  down,  which 
after  3  crystallizations  from  dilute  alcohol  melted  constant  at  265-266** 
(uncorr.).  The  same  product  was  obtained,  when  0.5  g.  of  the  diacetamid 
was  heated  for  4  hours  in  a  sealed  tube  with  alcoholic  ammonia.  After 
evaporating  off  the  solvent,  and  recrystallization  from  dilute  alcohol,  the 
melting  point  was  265®  (imcorr.)-  Upon  boiling  some  of  the  diacetamid 
for  2  hours  with  a  solution  of  sodium  hjwlroxide,  diluting  with  water, 
and  extracting  with  ether,  a  product  was  obtained,  whose  melting  point 
in  the  crude  state  showed  it  was  identical  with  the  other  two. 

Subs.,  0.1077,  0.1207.    AgBr,  0.1646,  0.1848.     Calc.  for  CioHfBriNiO:  Br,  65.30. 
Pound:  Br,  65.03.  65.18. 

Properties. — ^White    crystals    melting    at    265-266**  (uncorr.).    It    is 

soluble  i^  all  the  common  organic  solvents,  but  insoluble  in  water. 

Cambrxdou,  Mass. 


[Contribution  from  the  Dspartmsnt  of  Apflibd  Chbmistry,  ENcmssRiNG  Coixbgs. 

ImPBRIAL  UNIVBRSTfY  OF  JAPAN.] 

THE  ESSENTIAL  OIL  OF  SUGI  {Cryptameria  japonica)  LEAVES. 

Bt  So  Ucbzda. 
Received  December  8,  1915. 

The  Sugi  {Cryptameria  japonica,  Don.)  is  a  coniferous  tree,  indigenous 
to  Japan,  and  is  extensively  cultivated  throughout  the  whole  empire  as 
a  valuable  timber  tree.  The  wood  is  most  widely  used  and  prized  as 
a  timber  wood  and  for  general  woodwork.  The  stems,  leaves  and  roots 
contain  essential  oil.  No  study,  as  far  as  I  know,  has  hitherto  been  made 
of  the  oil  contained  in  the  leaves. 

The  green  leaves  of  Sugi,  weighing  87.4  kg.,  on  distillation  with  steam, 
yielded  612  g.  of  volatile  oil,  which  is  equivalent  to  0.70%.  The  oil  is 
mobile,  brownish  yellow  in  color  and  has  a  fresh  aromatic  odor.  When 
the  oil  was  cooled  to  — ^5**  for  an  hour  in  a  mixture  of  ice  and  salt,  no 
solid  substance  separated.  A  small  amount  of  the  oil  was  distilled  in 
a  flask  imder  atmospheric  pressure;  it  began  to  boil  at  about  155 **  and  con- 
tinued to  distil  until  the  thermometer  reached  350®,  the  following  frac- 
tions being  obtained:  155-190**  33%.  190-230'*  4%.  230-270''  4%,  270- 
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310°  28%,  310-350**  23%.  When  bromine  was  added  drop  by  drop, 
the  oil  combined  violently  with  it,  evolving  a  large  amount  of  heat  and 
changed  to  a  greenish,  viscous  oil.  Two  drops  of  the  oil  were  dissolved 
in  I  cc.  of  acetic  anhydride  and  then  shaken  with  a  drop  of  concentrated 
sulfuric  acid.  The  liquid  assumed  an  intense  green  color  and  became  very 
viscous.  When  a  few  drops  of  the  oil  were  added  to  2  cc.  of  concentrated 
sulfuric  acid,  the  oil  dissolved  in  it,  assuming  a  yellowish  brown  color, 
and  slowly  a  small  amount  of  thick  reddish  brown  oil  formed  on  the  sur- 
face of  the  liquid.  The  oil  does  not  give  any  characteristic  color  reaction 
with  very  dilute  ferric  chloride  solution.  It  does  not  reduce  amimoniacal 
silver  oxide,  and  contains  neither  nitrogen  nor  sulfur.  The  oil  is  com- 
pletely soluble  in  the  usual  organic  solvents  and  furnishes  the  following 
constants: 

dil',1 0.9217  Add  value i.o 

[al\f  in  10%  chloroform  soln.     19.29  Ester  value 6.56 

»¥ 1 .4895  Ester  value  after  acetylation —  14.35 

The  total  amount  of  the  oil  employed  for  the  investigation  was  454  g. 

Treatment  with  Sodium  Carbonate. — In  order  to  separate  any  uncom- 
bined  acids,  the  oil  was  three  times  successively  extracted  with  a  5% 
solution  of  sodium  carbonate.  The  combined  alkaline  liquid  of  brownish 
yeUow  color  was  shaken  with  ether  four  times.  The  ethereal  solution, 
after  evaporating  off  the  ether,  was  added  to  the  main  part  of  the  oil. 
The  alkaline  water  solution  was  then  acidified  with  sulfuric  acid  and  ex- 
tracted thoroughly  with  ether.  The  ethereal  liquid,  thus  obtained,  was 
washed  with  water  and  dried  with  anhydrous  sodium  sulfate.  On  evap- 
orating off  the  ether,  there  remained  a  yellowish,  very  viscous  oil  having 
an  odor  of  higher  fatty  adds,  but  its  amount  was  too  small  to  admit  of 
further  examination. 

Fractional  Distillation  of  the  Oil. — ^The  oil,  shaken  with  dilute  sodium 
carbonate  solution,  was  washed  with  water  successively  until  the  wash 
water  was  neutral  to  litmus  and  then  dried  with  anhydrous  sodium  sulfate. 
It  was  subsequently  subjected  to  fractional  distillation  under  15  mm. 
pressure,  a  current  of  carbon  dioxide  being  passed  into  the  liquid  to  insure 
regular  ebullition,  and  was  resolved  into  the  following  three  fractions: 

1 50-100®  31% 

II 100-180®  42% 

III 180-200®  17% 

Identification  of  a-Pinene. — Fraction  I  (b.  p.  50-100**  imder  15  mm. 
pressure).  This  fraction,  representing  in  fact  nearly  one-third  of  the 
whole  of  the  oil  employed,  was  a  mobile,  colorless  liquid  and  had  a  some- 
what lemon-like  odor.  When  heated  with  a  small  piece  of  sodium,  it 
was  found  to  be  practically  unacted  on.  The  oil,  after  purifying  by  re- 
peated distillation  over  sodium  imder  50  mm.  pressure,  was  finally  dis- 
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tilled  under  atmospheric  pressure  and  was  resolved  into  the  following  three 
fractions  t 

(a).  158-163^  (b),  I63-168*;  (c),  i6^n2\ 

Fraction  158-163**.  The  greatest  portion  of  this  fraction,  on  redistilla- 
tion, boiled  at  161-162°.  It  was  colorless  and  mobile  and  possessed  a 
turpentine-like  odor.  It  had  a  specific  gravity  of  0.8567  at  15.5/15-5 
and  ni?  =  1.4666.  It  is  optically  active  and  rotates  the  plane  of  polariza- 
tion to  the  right  in  a  100  mm.  tube  by  2^  30'. 

Preparation  of  Nitrosochloride. — ^The  nitrosochloride  was  made  by  a 
slightly  modified  method  of  Wallach.^  A  white,  lamellar,  crystalline  sub- 
stance separated,  which  was  collected,  washed  with  cold  alcohol  and 
finally  ptuified  by  precipitating  with  methyl  alcohol  from  its  chl<M"oform 
solution.  The  crystals,  thus  purified,  melted  at  103-104**  .to  a  brownish 
black  liquid. 

Preparation  of  Nitrolpip^ridine  and  Nitrolbenzylamine. — ^When  the 
nitrosochloride  was  heated  on  the  water  bath  with  an  excess  of  piperidine 
in  alcoholic  solution,  a  vigorous  action  occurred  resulting  in  the  formation 
of  nitrolpiperide,  and  the  liquid  assumed  a  pale  yellowish  green  color. 
After  cooUng,  sufficient  water  was  added  and  an  oily  substance  of  yellowish 
brown  color  precipitated,  which  soUdified  to  a  crystalline  mass  on  stand- 
ing overnight.  When  purified  by  several  recrystallizations  from  a  mix- 
ture of  ether  and  alcohol,  it  melted  constant  at  118-119°. 

A  nitrolbenzylamine  was  also  prepared  from  the  nitrosochloride  by 
a  similar  method.  After  recrystallization,  it  melted  constant  at  122- 
123°.  Thus  the  identification  of  this  fraction  with  a-pinene  was  estab- 
lished. 

Fraction  163-168°.  This  has  a  density  d  15:5  =  0.8570  and  [a]^  = 
17.37°  ill  a  100  mm.  tube.  The  index  of  refracd&n  is  «d  =  1.4679'  I* 
was  a  colorless,  mobile  liquid,  having  a  pleasant  odor.  This  fraction 
was  specially  tested  for  /3-pinene  but  with  a  negative  result. 

Fraction  168-172°.  This  fraction  was  a  colorless,  mobile  Uquid  having 
a  pleasant  odor  and  was  relatively  small  in  amotmt.  The  Uquid  when 
examined  in  a  tube  100  mm.  long,  at  20°,  produced  a  rotation  24.81° 
to  the  right.  A  density  determination  gave  d\W  =  0.8778  and  the 
index  of  refraction  was  n^  =  1-4736. 

Preparation  of  Dibromide. — ^To  detect  the  presence  of  limonene  or  di- 
pentene  in  this  fraction,  bromine  was  added  drop  by  drop  in  a  well-cooled 
solution  of  the  fraction  in  glacial  acetic  acid.  The  color  disappeared  at 
first  and  did  not  become  permanent  until  two  atoms  of  bromine  had 
been  added  for  every  molecule  of  the  compound.  Since  nothing  had 
separated  from  the  solution  even  after  two  days,  the  product  was  pre- 
cipitated by  the  addition  of  water  and  taken  up  with  ether.  The  ethereal 
^  Ann.,  145,  241  (1888). 
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solution  was  Vashed  with  solution  of  sodium   carbonate  and  afterwards 
with  water  and  dried  with  anhydrous  sodium  sulfate.    After  evaporating 
gS  the  ether,  the  residue  was  kept  in  a  vacuum  over  paraffin  for  several 
weeks.     Bromine  was  estimated  by  Carius's  method. 
0.2822  g.  gave  0.3664  g.  AgBr.     Br  =  55-25 %•     CioHuBrj  requires  Br  =»  54.00%. 

Thus  the  fraction  was  dibromic  and  the  absence  of  Umonene  or  dipentene 
was  confirmed.  A  careful  search  was  also  made  for  terpinene,  sylvestrene, 
phellandrene  and  cineol  in  this  fraction,  but  none  of  them  was  detected. 

The  presence  of  a-pinene  in  these  preceding  two  fractions  was  also  con- 
firmed by  means  of  the  nitrosochloride,  nitrolpiperic^ne  and  nitrolbenzyl- 
amine.  The  low-boiling  fraction  of  Sugi  leaves  oil,  therefore,  consists 
chiefly  of  a-pinene. 

Hydrolysis  of  Fraction  II. — In  order  to  hydrolyze  the  ester,  Fraction 
II,  boiUng  between  100  and  180°  under  15  mm.  pressure,  was  boiled  for  three 
hours  with  alcoholic  potash  in  a  flask  connected  with  a  reflux  condenser. 
After  the  greater  part  of  alcohol  had  been  removed  by  distillation,  the 
liquid  was  transferred  to  a  separating  funnel  and  a  sufficient  quantity  of 
sodium  chloride  solution  was  added  to  effect  the  separation  of  the  oil. 
The  aqueous  alkaline  liquid  separated  from  the  oil  was  shaken  with  suc- 
cessive portions  of  ether  to  remove  the  last  trace  of  oil.  The  aqueous 
alkaline  liquid  thus  extracted  with  ether  was  set  aside  for  the  examination 
of  the  acids.  The  ethereal  extract  was  mixed  with  the  separated  oil, 
washed  with  water  four  times  successively  and  dried  with  anhydrous 
sodium  sulfate'  After  distilling  off  the  ether,  the  oil  was  fractionally  dis- 
tilled twice  under  atmospheric  pressure  and  was  resolved  into  the  follow- 
ing four  fractions : 

(c),  195-235**;  (6),  235-280°;  (c),  280-310°;  (d),  310-330^ 

Fraction  195-235°.  This  fraction  was  relatively  small  in  amount, 
representing  7%  of  the  whole  of  the  oil  investigated  and  was  freely  soluble 
in  70^0  alcohol.  It  was  distilled  under  atmospheric  pressure,  coming 
over  mainly  at  212-214°.  The  two  chief  fractions,  boiling  at  185-205** 
and  205-220°,  were  collected. 

Identification  of  Dipentene. — Fraction  185-205°,  which  evidently 
contained  terpenes,  was  distilled  over  metallic  sodium  under  atmospheric 
pressure  and  the  following  three  fractions  were  obtained:  168-172°, 
172-175°,  175-178°,  weighing  2.28  g.,  2.35  g.,  and  1.90  g.,  respectively. 

To  detect  the  presence  of  limonene  or  dipentene  in  these  fractions, 
bromine  was  added  drop  by  drop  to  their  well-cooled  solutions  in  glacial 
acetic  acid  until  the  color  of  bromine  remained  permanent. 

Fraction.  Weight  of  oil.  Bromine  used.  Percentage  of  Br. 

168-172°  2.28g.  1.08  CC.    =  3.44  g.  151% 

172-175°  2.31  g.  1.04  CC.  =  3.31  g.  143% 

lys-iys**  i-9og.  0.97  CC.  =  3.09  g.  163% 

Dibromic  CioHi*  requires  1 17.7%  Br.    Tetrabromic  CioHu  requires  235.3%  Br. 
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It  is  obvious  from  the  result  of  the  experiments  that  these  fractions 
contain  a  considerable  amount  of  a  tetrabromic  terpehe.  After  standing 
for  4  days,  they  became  brownish  black  liquids  and  only  Fraction  175- 
178^  deposited  an  exceedingly  small  amotmt  of  white  crystals.  These 
were  collected,  drained  on  a  porous  tile  and  recrystallized  three  times 
from  acetic  ether.  The  product  melted  at  123-124**.  Thus  the  presence 
of  dipentene  in  this  fraction  was  confirmed. 

Alcohol. — ^Fraction  205-220**,  obtained  as  above  described,  was  then 
redistilled.  The  main  portion  passed  over  between  210  and  215**,  and  es- 
pecially between  the  limits  212-214^  This  fraction  (212-214**)  was 
a  faint  yellow,  mobile  liquid  possessing  a  powerful  fresh  odor  recalling 
that  of  camphor  and  peppermint  at  the  same  time.  When  cooled  to  — 15  **, 
it  did  not  show  any  tendency  to  crystallize,  even  after  a  lapse  of  several 
hours. 

0.2557  g.  gave  0.7348  COj  and  0.2792  HjO C  -  78 .35  H  -  12 .  13 

CioHitO  requires C  ■■  77 .  85  H  —  1 1 .  77 

0.5727  g.  dissolved  in  19.076  g.  benzene  caused  a  depression  of  the  freezing  point 
of  0.923°.    Hence  the  molecular  weight  »  162.7.     CioHuO  requires  154. i. 

It  does  not  reduce  ammoniacal  silver  oxide.  It  has  a  density  d\l  == 
0.9414  and  produced  a  rotation  [a]jy  «  +56.07**  in  8.98%  chloroform 
solution.     The  refractive  index  is  n^  »  1.4832,  M.  R.  «  46.80. 

Acetylation  Experiment. — ^The  oil  was  boiled  for  two  hours  with  acetic 
acid  anhydride  in  the  presence  of  anhydrous  sodium  acetate,  and  then  a 
sufficient  quantity  of  water  was  added  and  it  was  heated  for  two  hours 
on  a  water  bath.  The  product  was  repeatedly  extracted  with  ether  and  the 
ethereal  solution  was  washed  first  with  dilute  sodium  carl^onate  solution 
and  then  with  water  and  dried  with  anhydrous  sodium  sulfate.  On  evap- 
orating ofif  the  ether,  a  pale  yellow,  mobile  liquid  having  an  aromatic 
odor  was  obtained. 

The  acetylated  oil  was  saponified  with  0.5  N  alcoholic  potash  and  the 
excess  of  potassitun  hydroxide  was  titrated  with  sulfuric  acid.  1.5016 
g.  acetylated  oil  required  for  saponification  0.2146  g.  KOH.  For  an  acetic 
ester  of  the  formulae  C10H17O.COCH3,  0.4295  g.  KOH  would  be  required. 
From  this  result  it  will  be  seen  that  this  alcohol  cannot  be  entirely  con- 
verted into  its  acetic  ester,  perhaps  due  to  the  partial  decomposition  during 
the  operation  as  in  the  case  of  linaldol. 

Oxidation  with  Bichromate  and  Permanganate. — ^This  fraction  was 
then  oxidized  with  chromic  add  mixture  and  after  reducing  the  excess 
of  bichromate,  the  product  was  distilled  with  steam.  The  distillate 
was  made  I  alkaline  by  potassium  carbonate  and  extracted  thoroughly 
with  ether  and  the  ethereal  liquid  was  washed,  dried  and  evaporated. 
The  brownish  yellow,  mobile  oil,  thus  obtained,  possessed  a  high  aromatic 
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odor  and  did  not  reduce  ammoniacal  silver  oxide.  On  combustion,  it 
was  foimd  to  consist  of  C  «  70.41%,  H  =  12.44%,  O  ==  i7-i5%- 

Oxidations  with  permanganate  at  ordinary  and  at  ice-cold  temperature 
were  also  made,  but  no  characterized  products  were  obtained. 

This  alcohol,  though  existing  in  small  amount,  has  evidently  a  consider- 
able influence  on  the  odor  of  the  original  oil  and  it  can  be  regarded  as  the 
chief  odorous  constituent  of  the  oil. 

Sesquiterpenes. — Fraction  235-280°.  This  fraction,  representing  about 
22%  of  the  oil  employed,  was  a  yellowish  green,  viscous  oil  and  was  spar- 
ingly soluble  in  70%  alcohol.  It  was  foimd  to  give  only  a  slight  action 
with  sodium  and  hence  consisted  almost  entirely  of  hydrocarbons.  The 
fraction  was  purified  by  repeated  distillation  over  sodium  under  reduced 
pressiure,  imtil  the  metal  remained  bright  through  the  whole  distillation, 
and  it  was  finally  distilled  over  sodium  imder  atmospheric  pressure.  Thus 
purified,  it  passed  over  chiefly  between  260-270**  and  smaller  fractions 
were  also  collected  at  250-260°  and  270-280°.  Most  of  the  oil  distilled 
over  between  266  and  268°.  Fraction  260-270°  was,  therefore,  redistilled 
and  a  fraction  boiUng  at  266-268°  was  collected.  On  combustion,  it 
gave  the  following  figures: 

0-3497  K-  gave  1.1233  COj  and  0.3593  H2O C«=87.6o  H»ii.42 

CiftHji  requires C  -  88 .  16  H  =  1 1 .84 

0.3476  g.  substance  in  18.523  g.  of  benzene  caused  a  depression  of  the  freezing 
point  of  0.449  ^    Hence  the  molecular  weight  is  309.0.    CiiHm  requires  204.2. 

This  fraction,  therefore,  consists  of  a  sesquiterpene.  It  ftnuished  the 
following  constants: 

d]^  ^  0.9335,  dlii  =  0.9245. 
["Id  =  +15.19*  in  a  6.08%  chloroform  solution,     n^'^  =  1.5041. 

The  molecular  refractive  energy  of  the  Qompound  calculated  by  means 
of  the  formulae  n* —  i/n*  +  2.M/d  is,  therefore,  65.3.  The  calculated 
number  for  CuHi4  with  two  double  Unkings  is  66.15.  This  evidence  of 
the  presence  of  two  pairs  of  ''doubly  linked*'  carbon  atoms  is  borne  out 
by  the  analysis  of  the  hydrochloride  described  below. 

The  liquid  was  viscous  and  almost  colorless  and  possessed  a  weak 
hay-like  odor.  When  a  few  drops  of  this  fraction  were  dissolved  in  a  few 
cc.  of  acetic  acid  anhydride  and  shaken  with  one  drop  of  concentrated  sul- 
furic acid,  the  Uquid  assumed  a  yellowish  green  color  which  at  once  be- 
came green,  then  blue  and  finally  turned  to  a  deep  indigo  color. 

Action  of  Hydrogen  Chloride. — Dry  hydrogen  chloride  was  passed  into 
a  well-cooled  solution  of  Fraction  266-268  **  in  two  times  its  volume  of  ether. 
The  gas  was  readily  absorbed  and  the  liquid  finally  became  brown.  After 
saturating  the  Uquid  with  hydrogen  chloride,  it  was  corked  tightly  and 
allowed  to  remain  overnight,  when  the  Uqtiid  tmned  to  violet-black. 
This,  after  being  washed  with  ice-cold  water  four  times,  was  dried  with 
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anhydrous  sodium  sulfate.  On  evaporating  off  the  ether  under  reduced 
pressure,  a  brownish  black  oil  of  very  viscous  nature  was  left,  which  was 
allowed  toTemain  for  several  weeks  in  a  vacuum  over  paraffin  and  calcium 
chloride.  The  oil,  thus  obtained,  on  being  cooled  to  — 20*,  became  more 
viscous,  but  did  not  show  any  tendency  to  crystallize  even  after  a  lapse 
of  three  hoturs.    A  chlorine  determination  was  made  by  Carius's  method. 

0.4937  g.  gave  0.4760  AgCl,  CI  »  33.85%;  CuHm.2HC1  requires  CI  »  25.59%. 
Though  a  small  discrepancy  is  observed  between  the  experimental  re- 
sult and  the  theoretical  value  for  chlorine,  owing  to  the  unstable  nature 
of  the  hydrochloride,  it  is  clear  that  the  sesquiterpene  has  two  double 
Unkings.  To  obtain  a  crystalline  derivative  of  this  sesquiterpene,  the 
preparation  of  a  nitrosochloride,  a  nitrosite,  a  bromide,  a  nitrosate  and 
a  hydrate  were  carefully  tried  by  the  well-known  methods  but  the  results 
were  unsatisfactory. 

Identification  of  Cadinene. — ^Fraction  270-280^  obtained  by  the  redis- 
tillation of  Fraction  235-280^  over  sodium  was  relatively  small  in  amount. 
In  order  to  test  for  the  presence  of  cadinene,  as  it  is  often  fotmd  in  essential 
oils,  this  fraction  was  redistilled  and  a  fraction  boiling  between  272-275* 
was  collected.  A  hydrochloride  of  this  fraction  was  prepared  exactly  as 
above  described.  The  restdting  brownish  black  oil  of  very  viscous  nature 
was  kept  in  a  vacuum  over  paraffin  and  calcium  chloride  for  several  weeks 
when  exceedingly  small  quantities  of  minute  needle  crystals  separated 
from  the  liquid.  These  were  collected,  drained  on  a  porous  tile  and  crys- 
tallized from  acetic  ether.  The  white,  lustrous,  needle-shaped  crystals, 
thus  obtained,  melted  constantly  at  117-118^  to  a  reddish  Uquid  suffering 
almost  no  decomposition.  A  chlorine  determination  by  the  Carius 
method  gave  the  following  result: 

0.0375  g-  gave  0.0385  AgCl,  CI  =  25.40%;  CuHi4.2HCl  requires  Ci  =  25.59%. 
A  mixture  of  these  crystals  and  cadinene  hydrochloride  did  not  show  any 
depression  of  the  melting  point,  confirming  the  presence  of  cadinene  in 
this  fraction.  « 

Sesquiterpene  AlcohoL — ^Practian  280-310^.  This  fraction,  represent- 
ing about  10%  oi  the  oil  employed,  had  a  very  beautiful  deep  blue  color 
and  was  sparingly  soluble  in  70%  alcohol.  On  successive  redistillation 
under  atmospheric  pressure,  the  greater  part  of  the  oil  passed  over  beween 
280-290 ^  mainly  at  284-286®.  Fraction  284-286°,  collected  during  the 
distillation,  was  a  viscous  liquid,  having  a  beautiful  deep  blue  color  and 
a  weak  characteristic  odor.  On  cooling  to  — 10*,  it  became  more  viscous 
but  did  not  show  any  tendency  to  crystallize  even  after  the  lapse  of  several 
hours.  This  liquid,  when  dissolved  in  glacial  acetic  acid  and  treated  with 
a  drop  of  concentrated  sulfiuic  acid,  yielded  a  green  color  which  turned 
to  blue  at  once  and  finally  to  deep  indigo.  It  has  a  density  d\yl  = 
0.9623;  [a]i>  =  16.76*  in  a  5%  chloroform  solution  and  np'  =  1.5048. 
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0.2351  g.  gave  0.6717  COt  and  0.2319  HaO C  =  81 .39         H  =  11 .45 

0.2162  g.  gave  0.6448  CO2  and  0.2274  HjO C  =  81 .32         H  «=  11 .69 

0.2678  g.  gave  0.7986  CO2  and  0.2919  HjO C  =  81 .34         H  =  12 .  11 

CisHuO  requires C  =81.01         H  —  1 1 .  79 

0.3625  g.  dissolved  in  19.08  g.  benzene  caused  a  depression  of  the  freezing  point 
of  0.435°.     Therefore,  the  molecular  weight  «  218.0.     CitHstO  requires  222.2. 

This  fraction,  therefore,  consists  of  a  sesquiterpene  alcohol.  Several 
essential  oils  are  known  to  afford  high  boiling  fractions  of  a  deep  blue  color 
for  which  the  name  "Azulene**  had  been  proposed  by  Piesse  and  "Coeni- 
lein"  by  Gladstone.  The  compound  was  recently  investigated  by  A.  E. 
Shemdal^  and  foimd  to  be  a  hydrocarbon,  Ci&His,  having  such  a  striking 
color  intensity  that  0.064  S-  dissolved  in  a  liter  of  benzene  matches  an 
anmioniacal  solution  of  copper  sulfate  containing  0.24  g.  CUSO4  to  the 
liter  in  depth  of  color.  The  deep  blue  color  of  this  fraction  is  in  all  prob- 
ability due  to  the  presence  of  a  trace  of  a  blue  hydrocarbon,  "Azulene," 
while  a  sesquiterpene  alcohol  makes  up  the  bulk  of  the  oil. 

Fraction  310-330°.  This  fraction,  weighing  5  g.  or  1%  of  the  whole 
of  the  oil  used,  had  a  deep  blue  jcolor  and  was  a  very  viscous  oil  when 
first  distilled.  But  after  a  time  it  deposited  a  considerable  amount  of 
white,  needle-like  crystals  which  were  collected,  washed  with  glacial 
acetic  acid  and  recrystallized  from  acetic  ether.  It  melted  accurately 
at  61  °  and  was  confirmed  to  be  identical  with  a  new  diterpene  consisting 
of  the  next  fraction  and  will  further  be  discussed  later.  The  oil  after 
separating  the  crystals  was  of  deep  blue  color  and  very  viscous.  It  gave 
the  same  color  reaction  as  that  of  the  preceding  fraction.  Thus,  this 
fraction  is  apparently  a  mixture  of  the  preceding  and  the  following  fraction. 
A  New  Diterpene. — Fraction  III.  Fraction  III  (180-200*'  under 
15  mm.  pressure),  obtained  by  the  fractional  distillation  of  the  oil  treated 
with  sodium  carbonate  solution,  was  75  g.  or  16.5%  of  the  whole  of  the 
oil  used.  When  first  distilled^  it  was  an  oil  of  very  viscous  nature,  possessing 
a  yellow  color,  but  when  cooled  to  the  room  temperature  it  soUdified 
to  a  crystalline  hard  mass.  To  separate  any  adhering  oily  substance, 
the  total  mass  was  potired  into  glacial  acetic  add,  drained  on  a  porous 
tile,  washed  with  cold  alcohol  and  finally  purified  by  recrystaUization  from 
acetic  ether,  from  which  it  separated  in  the  form  of  white,  glistening, 
odorless,  stellated  needles     Thus  purified,  it  melted  at  61°. 

0.3902  g.  gave  1.2571  COs  and  0.4137  H,0 C  «  87 .86         H  =  11 .78 

0.2530  g.  gave  0.8143  COi  and  0.2704  HjO C  =  87 .80        H  »  ii .87 

0.3970  g.  gave  1.2789  COj  and  0.4294  H|0 C  =»  87 .86         H  «  12 .01 

CsoHu  requires C  =88.16         H  =  11,84 

Determinations  of  its  molecular  weight,  using  benzene  as  the  solvent. 
I,  0.6845  g.,  and  II,  1.2235  g.,  in  20.250  g.  benzene  gave  0.637®  and  1. 150®  de- 
pression,  —  M.  W.  265;  263.     CtoHat  requires  272. 
1  This  Journal,  37,  167,  1537  (1915). 
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This  substance,  therefore,  is  a  diterpene.  It  has  a  very  high  boiling 
point  and  boils,  in  fact,  at  198®  under  15  mm.  pressure  and  at  345°  under 
atmospheric  pressure  without  any  decomposition.  It  is  laevorotatory, 
[a]©  =  — 34-32®  in  a  4.69%  chloroform  solution.  It  is  readily  soluble 
in  ether,  chloroform,  benzene  and  petroleum  ether;  soluble  in  hot  acetic 
ether;  diffictiltly  soluble  in  cold  acetic  ether  and  hot  alcohol  and  insoluble 
in  glacial  acetic  ether  and  in  cold  alcohol.  Thus,  it  is  most  convenient 
to  wash  with  glacial  acetic  acid  to  separate  any  adhering  oil  from  the 
crystals  and  to  use  acetic  ether  for  recrystallization.  A  few  drops  of  an  ether 
solution  of  iodine  were  added  to  a  solution  of  this  diterpene  in  the  same 
solvent  but  the  color  of  iodine  remained  permanent.  This  indicates 
this  crystalline  diterpene  to  be  a  saturated  ccxnpound.  Also,  this  diterpene 
is  difficultly  combustible. 

Action  of  Bromine. — On  adding  bromine  drop  by  drop  to  this  diterpene 
directly,  no  violent  reaction  occurred  and  a  reddish  brown  resinous  sub- 
stance was  formed  which  it  was  impossible  .to  crystallize  by  any  means. 

Action  of  Sulfuric  Acid. — ^The  crystalline  diterpene  was  added  to  con- 
centrated sulfuric  acid,  in  which  it  dissolved  at  first,  assmning  a  yellowish 
orange  color  and  a  reddish  orange  oily  substance  slowly  formed  on  the 
stnface  of  the  liquid.  After  standing  overnight,  the  liquid  was  added 
drop  by  drop  to  a  sufficient  quantity  of  water,  care  being  taken  not  to 
raise  the  temperature  above  30°  during  the  operation  (otherwise,  sulftnic 
acid  oxidizes  the  oil  with  evolution  of  sulfur  dioxide),  when  a  yellowish 
orange  oily  substance  precipitated  which  was  taken  up  with  ether.  The 
ethereal  solution  was  washed  with  cold  water  until  it  gave  no  add  reaction 
to  litmus  and  was  then  dried  with  anhydrous  sodium  sulfate.  On  evap- 
orating off  the  solvent  carefully,  a  pale  yellow,  viscous  oil  of  somewhat 
petroleiun-like  odor  was  left  which  did  not  crystallize  even  after  cooUng 
to  — 15°  for  several  hours.  The  oil  thus  obtained  was  allowed  to  remain 
for  several  weeks  in  a  vacuiun  desiccator  filled  with  paraffin  to  eliminate 
the  last  trace  of  ether.  After  the  lapse  of  that  time,  the  oil  became  very 
viscous,  in  fact,  a  semi-resinous  substance.  Suspecting  this  substance 
to  be  a  sulfonic  derivative  of  the  diterpene,  a  determination  of  sulfur 
was  made  but  the  substance  was  fotmd  not  to  contain  sulfur. 

Fuming  sulfinic  acid  reacts  violently  with  this  diterpene  evolving  a 
large  amotmt  of  heat  and  the  substance  w^s  charred. 

Action  of  Hydrogen  Chloride. — On  passmg  dry  hydrogen  chloride  into 
a  well-cooled  solution  of  this  diterpene  in  ether,  a  large  amount  of  white 
crystals  separated  and  the  liquid  assiuned  a  faint  yellow  color.  The 
compotmd,  after  separating  from  the  liquid,  was  washed  with  ether  and 
recrystallized  from  acetic  ether,  from  which  it  separated  as  fine,  white 
needles  having  a  radial  aggregation.  The  crystals,  thus  purified,  melted 
at  2 1 1-2 1 2®.    When  pressed  with  a  glass  rod,  the  substance  gives  a  soft 
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elastic  feeling.  It  is  difficultly  soluble  in  ether  and  in  cold  acetic  ester 
but  soluble  in  hot  acetic  ester  and  in  phenol.  The  crystals,  when  melted, 
sublime  and  float  in  the  air  as  light  feathers. 

0.1967  g.  gave  0.6342  COi  and  0.21 11  HsO C  -■  87 .90        H  -■  11 .91 

CsoHn  requires C  *  88. 15         H  —  ix .85 

T,  0.0863  g.,  and  II,  0.0528  g.,  in  25.75  <uid  20.34  S-  phenol  gave  a  depressioa  of 
0.090  and  0.070^.    M.  W.  found,  276  and  275.    CsoHn  requires  272. 

This  substance  is,  therefore,  an  isomer  of  the  crystalline  diterpene  above 
described. 

For  the  diterpene  isolated  by  the  author  from  Sugi  leaves  oil  the  dear 
evidence  of  its  chemical  individuality  justifies  me,  I  think,  in  proposing 
for  it  the  designation  of  "a*Cryptomerene"  in  consideration  of  its  botanical 
sotu'ce.  The  name  "j3-Cr3rptomerene''  is  also  suggested  for  the  crystals 
precipitated  from  the  ethereal  solution  of  ''a-Cryptomerene"  by  hydrogen 
chloride.  For  the  sake  of  clearness,  all  known  diterpenes^  which  have 
been  investigated,  and  their  properties  will  be  given  in  the  table  below. 

Acids  Obtained  by  the  Hydrolysis  of  the  OiL 

The  alkaline  aqueous  liquid,  separated  from  the  hydrolyzed  oil  and  com- 
pletely extracted  with  ether,  as  previously  described,  was  acidified  with 
sulfuric  acid  and  distilled  with  steam.  The  first  portion  of  the  distillate 
was  slightly  turbid  but  it  became  clear  after  a  time  cmd  about  600  cc.  of 
the  distillate  were  collected.  A  few  drops  of  brownish  oily  substance 
floated  on  the  surface  of  the  distillate.  The  entire  acid  liquid  was  made 
alkaline  with  sodium  carbonate  and  shaken  four  times  successively  with 
ether.  The  ethereal  liquid  was  washed  with  a  little  water  four  times  and 
dried  with  anhydrous  soditun  sulfate.  On  evaporating  off  the  solvent, 
there  remained  an  exceedingly  small  amount  of  highly  aromatic,  semi- 
solid substance  of  brown  color.  It  gives  no  reaction  of  phenol  and  is 
insoluble  in  a  cold  solution  of  potassium  hydroxide  but  readily  dissolves 
on  warming.    After  keeping  in  a  vacuum  over  paraffin,  it  was  analyzed: 

0.0647  g.  gave  0.1870  COi  and  0.0627  HsO C  ■>  78 .83        H  *■  10.76 

CsoHnOt  requires C  «  78.86         H  »  10.60 

This  substance,  to  which  we  assign  the  provisional  formula  CsoHbQs,  is 
evidently  a  lactone. 

The  alkaline  solution,  from  which  the  lactone  had  been  separated, 
was  evaporated  to  a  small  bulk,  strongly  acidified  with  sulfuric  add  and 
extracted  several  times  with  ether.  The  ethereal  solution  was  washed 
four  times  with  a  little  water,  dried  and  evaporated.  The  slightly  colored 
oily  residue,  thus  obtained,  was  viscous  in  nature  and  possessed  a  pungent 
odor  resembling  that  of  acetic  acid.  It  was  difficultly  soluble  in  water 
and  crystallized  at  11®. 

^  Two  or  three  diterpenes,  not  included  in  this  list,  are  mentioned  in  the  formula 
register. — Editor. 
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Titration  of  the  Acid. — ^A  dednormal  alcoholic  potash  was  run  into 
a  solution  of  the  add  in  the  same  solvent,  phenolphthalein  being  used 
as  indicator.  0.2736  g.  add  required  for  neutralization  104.8  mg.  KOH. 
For  a  monobasic  add  of  the  formula  CgHieOi,  106.5  g.  KOH  would  be 
required.  The  silver  salt,  prepared  from  the  potassium  salt,  gave  the 
following  number  on  analysis: 

0.1045  g.  gave  on  ignition  0.0462  Ag Ag  *■  44.31% 

CtHi»OfAg  requires Ag  -  43. 16% 

The  small  amotmt  of  the  add  did  not  permit  further  investigation  but 
its  general  properties  and  the  result  of  analysis  served  to  confirm  the  add 
to  be  capryUc  add.  It  may  also  be  noted  that  the  ester  of  this  alcohol 
was  present  in  relatively  small  amount  in  the  oil  and  the  greater  part  of 
the  alcohol  exists  in  the  oil  in  a  free  state. 

Summary. 
From  the  preceding  details  it  will  be  seen  that  this  essential  oil  of  Sugi 
{Crypiomeria  japonica)  leaves  contains  the  following  substances: 

1.  d-a-Pinene. 

2.  Dipentene. 

3.  An  alcohol  (CioHigO,  b.  p.  =  212-214^  di%  =  0.9414,  nf)'  =  1.4832). 

4.  Cadinene. 

5.  A  sesquiterpene  with  two  double  linkings  (CuH^,  b.  p.  ==  266-268®, 
dn  «  0.9335,  n"  *  *=  i.504i»  [«]d  =  +i5-i9'*  in  a  6.08%  chloroform 
solution). 

6.  A  sesquiterpene  alcohol  (CuHmO,  b.  p.  =  284-286**,  d^,%  =  0.9623, 
ni)**  =  1.5048,  [aji)  =  +16.76°  in  a  5%  chloroform  solution). 

7.  A  new  diterpene  (C2oH82,  b.  p.Teo  =  345  ^  b.  p.u  -  198,  [ajn  = 
— 34.22  **  in  a  4.67%  chloroform  solution)  for  which  the  author  proposed 
the  name  *'a-Cryptomerene." 

8.  A  lactone  (C2oH«Oi). 

9.  CapryUc  add  in  combination  with  the  alcohol. 

10.  Higher  fatty  adds  in  a  free  state. 

11.  A  blue  oil,  *'Azulene." 

The  relative  proportion  of  the  above  constituents  is  approximatdy  as 
follows: 

The  terpenes,  consisting  chiefly  of  d-a-pinene  with  a  small  quantity  of 
dipentene,  represented  34%.  The  amount  of  two  sesquiterpenes  was 
about  30%,  the  sesquiterpene  of  the  boiling  point  266-268°  above 
mentioned  more  highly  predominating  than  cadinene.  The  alcohol 
represented  about  4.5%,  and  was  present  partly  in  the  tmcombined  state 
and  partly  as  caprylic  ester,  the  former  highly  predominating,  "a- 
Cryptomerene"  represented  about  18%  of  the  oil.  The  amount  of  ses- 
quiterpene alcohol  was   about   12%,  and  finally  the  amounts  of   the 
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lactone,  the  free  fatty  adds  and  a  blue  oil  "Azulene**  were  exceedingly 
small. 

Tokyo,  J  at  am. 


[Contribution  from  thb   Dbpartmbnt  of  Applied   Cbsmistry,   Enoinbbrino 
CoLLBGS,  Imperial  University  of  Japan.] 

ESSENTIAL  OIL  OF  FORMOSAN  HINOEI  (Chantaecyparis  obtusa, 

S.  et  Z.)  WOOD. 

By  So  Ucbda. 
Received  December  8.  1913. 

The  Hinoki  tree  (Ckamaecyparis  obtusa,  S.  et  Z.),  which  is  extensively 
grown  in  Japan,  furnishes  a  valuable  timber  wood  of  superior  quality  and 
is  likewise  prized  for  the  manifold  uses  to  which  the  wood  is  well  adapted. 
In  the  mountain  districts  (5000-7000  ft.)  of  Formosa,  Hinoki  trees  thrive 
most  wonderfully,  forming  a  splendid  virgin  forest.  The  present  paper 
is  concerned  with  the  results  obtained  in  experiments  on  the  composition 
of  Formosan  Hinoki  wood  oil.  A  sample  of  the  crude  oil  obtained  by 
the  dry  distillation  of  wood  was  forwarded  in  191 2  from  the  Forest  office 
of  Arisan  Mountains,  Formosa.  The  yield  of  the  crude  oil  was  reported 
to  be  2.4%  of  the  wood.  On  examination  of  the  sample,  it  was  a  reddish 
brown,  mobile  Uquid  possessing  a  woody  and  empyretunatic  smell  and 
contained  some  tarry  matter. 

Rectification  of  the  Crude  Oil. — A  quantity  of  the  crude  oil  weighing 
780  g.  was  first  rectified  by  distillation  with  steam  and  700  g.  of  the  recti- 
fied oil  were  obtained  which  amounted  to  89.9%  of  the  crude  oil  or  2.16% 
of  the  weight  of  wood.  The  quantity  of  the  distilled  water  used  in  recti- 
fication was  8  1.  The  oil  thus  obtained  was  mobile,  lemon-yellow  in  color 
and  possessed  a  Hinoki  wood  odor.  To  remove  the  pyrogenous  acids 
which  it  still  contained,  it  was  subsequently  treated  with  dilute  sodium 
carbonate  solution,  washed  with  water  and  dried  with  anhydrous  sodium 
sulfate.  The  oil,  thus  rectified,  has  a  density  du.s  ~  0.8821 ;  the  refractive 
index  n]S'^  =  14990,  and  [a]©  —  +50.37**  in  a  10%  chloroform  solution. 

Fractional  Distillation  of  the  Oil. — ^A  quantity  of  the  rectified  oil  weigh- 
ing 448  g.  was  distilled  fractionally  under  atmospheric  pressure,  and  began 
to  boil  at  157*^  and  continued  to  distil  until  the  temperature  rose 
to  270°.  It  was  resolved  into  the  following  three  fractions,  a  reddish 
brown,  resinous  substance  amounting  to  1.5%  of  the  oil  employed  re- 
maining in  the  distilling  fiask: 

I,  I57-2CX)*;  II,  200-240";  III,  240-270°. 

Identification  of  a-Pinene.— Fraction  I  (157-200°).  This  fraction, 
which  was  by  far  the  largest  obtained,  representing  68.7%  of  the  whole 
of  the  oil  used,  was  mobile  and  almost  colorless.  When  heated  with 
metallic  sodium,  it  was .  practically  tmacted  on.    The  substance  was. 
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therefore,  submitted  to  repeated  distillation  over  sodium  under  ordinary 
pressure  until  the  metal  remained  quite  unaltered.  The  oil,  thus  purified, 
passed  over  chiefly  at  155-160**  and  a  smaller  fraction  was  collected  at 
160-165°.  The  chief  fraction,  when  redistilled,  boiled  mainly  at  156- 
157®.  It  has  a  specific  gravity  d  \W  =  0.8616;  the  rotatory  power 
[«1d  =  +44**  42';  and  the  refractive  index  «d  =  1.4662.  It  possesses 
a  turpentine-like  odor  and  is  mobile  and  colorless.  It  was  diluted  with 
an  equal  volume  of  dry  ether,  cooled  with  a  mixture  of  ice  and  salt  and 
dry  hydrogen  chloride  was  passed  in  it.  On  evaporating  off  the  diluent, 
a  crop  of  crystalline  substance  separated  which  was  collected,  drained  on 
a  porous  tile  and  recry^talUzed  from  alcohol.  Since  the  repeated  reoystalli- 
zation  from  ethyl  alcohol  seemed  to  be  insufficient  for  the  purification  of 
the  substance,  it  was  finally  rectified  by  sublimation.  This  product  forms 
white,  feathery  crystals,  smells  like  camphor  and  is  volatile  at  ordinary 
temperature.  When  pressed,  the  crystals  ding  together  forming  a  sticky 
mass.  It  melts  constantly  at  132.5-133-5'^  (corr.).  The  crystals  thus 
rectified  by  subUmation  were  again  recrystallized  three  times  from  alcohol 
but  the  melting  point  of  the  aystals  remained  unchanged  after  eadi 
reaystallization. 

0.2291  g.  gave  0.1892  AgCl.    CI   =  20.44%.    CioHn.HCl  requires  CI  -  20.54%. 

According  to  Wallach,^  pure  pinene  has  the  following  constants: 
B.  p.  «  155-156";  <fao  =  0.858;  n"  =  1.46553- 

Flawitzky'  gave  the  physical  properties  of  d-pinene  obtained  from  the 
leaves  of  Pinus  centbra  as  follows: 

B.  p.T«  -  156^  d5°  -  0.8585;  lak  -  +45.04'. 

Wallach'  described  pinene  hydrochloride  as  follows: 

"Reines  Pinenhydrochlorid  lasst  sich  so  gut  wie  unzersetzt  destillieren  und  siedet 

bei  207  °  bis  208  °.     Der  sehr  schwer  genau  zu  bestimmende  Schmelzpunkt  liegt  gegen 

125^.    Aus  Alkohol  krystallisirt  das  Chlorid  in  gefiederten  Krystallen,  welcfae  die 

unangenehme  Eigenschaft  besitzen,  beim  Trocknen  zu  einer  sdir  klebrigen,  an  alien 

Gegenstanden  sehr  haf tenden  Masse  zusammen  zu  sintem, Das  schon  bei 

gewohnlicher  Temperatur  sehr  fiuchtige  Chlorid  verhalt  sich  wie  eine  v511ig  gesattsgte 
Verbindung." 

According  to  J.  H.  Long^  pinene  hydrochloride  melts  at  131^  and  not 
at  125  ^ 

The  physical  properties  of  this  fraction  coincide  fairly  well  with  those 
of  pure  pinene  as  given  by  Wallach  and  Flawitzky,  and,  further,  this  fraction 
affords  a  crystalline  monohydrochloric  addition  product  (of  all  terpenes 
ever  known,  pinene  is  the  only  one  which  gives  a  crystalline  monohydro- 
chloric addition  product),  the  properties  of  which  coincide  entirely  with 

»  Ann.,  258,  344- 

»  J,  prakt.  Chem,,  45,  II,  115, 

«  Ann,,  239,  4- 

*  This  Journal,  21,  637  (1899). 
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those  of  pinene  monohydrochloride  described  by  Wallach.  Thus,  there 
is  no  doubt  that  this  fraction  consists  of  a-pinene.  It  is  worth  noting 
here  that  pinene  hydrochloride  melts  constantly  at  132.5-133.5  (corr.), 
and  neither  at  125^  (Wallach)  nor  at  131°  (J.  H.  Long). 

Fraction  160-165  ^  This  fraction  has  a  density  d  {Ji  =  0.8642 ; 
the  refractive  index  n^  «  1.4672,  and  the  rotatory  power  [a]ry  =  46**  27'. 
It  also  furnishes  a  aystalline  monohydrochloride  which  melts  at  132.5- 
133*5^   (oorr.).    Thus,  this  fraction  also  consists  chiefly  of  o-pinene. 

Fraction  II  (200-240^).  This  fraction  was  relatively  small  in  amount, 
representing  S.o%  of  the  oil  used,  and  on  redistillation  it  chiefly  separated 
into  fractions  boiling  above  240^  and  below  200^.  Thus  this  fraction 
is  apparentiy  a  mixture  of  the  preceding  and  the  following  fraction  with 
some  oxygenated  compounds. 

Identification  of  Cadinene. — Fraction  III  (240-270'').  This  fraction, 
amounting  to  21.8%  of  the  whole  of  the  oil  employed,  was  a  sHght  yellow, 
viscous  liquid  possessing  a  Hinoki  wood  odor.  It  was  found  to  give  only 
a  slight  action  with  sodium  and  hence  consisted  almost  entirely  of  hydro- 
carbons which,  from  their  boiling  point,  seemed  to  be  sesquiterpenes. 
When  purified  by  repeated  distillation  over  sodium  under  ordinary  pressure, 
it  boiled  chiefly  between  260-270**  and  especially  at  267-268**.  The 
fraction  collected  at  267-268**  during  the  distillation  has  the  density 
^n'l  =  0.9204  and  the  refractive  index  np  =  1.5040. 

0.1523  g.  gave  0.4897  COi  and  0.16 14  HsO.   C  *  87.74;  H  »  1 1.79.    CuHm requires 
C  ->  88.16;  H  -  11.84. 

It  was  a  colorless,  somewhat  viscous  Uquid  and  had  a  characteristic 
odor.  When  a  few  drops  of  this  fraction  were  dissolved  in  a  few  cc.  of 
glacial  acetic  add  and  shaken  with  one  drop  of  concentrated  sulftuic  add, 
the  liquid  assumed  a  feeble  reddish  color  which  turned  to  red  with  violet 
shade  and  on  standing  overnight  it  finally  devdoped  a  brownish  red  color. 

Preparation  of  Hydrochloride. — A  hydrochloride  was  prepared  by 
passing  dry  hydrogen  chloride  in  a  well-cooled  solution  of  the  substance 
in  twice  its  volume  of  ether.  The  gas  was  readily  absorbed  and  the  Uquid 
became  brown.  After  saturation,  it  was  kept  four  hotu's  and  on  evaporating 
the  ether  crystals  separated,  which,  after  washing  with  glacial  acetic 
add,  were  recrystaUized  from  acetic  ether.  The  crystals,  thus  obtained, 
formed  white  needles,  having  a  radial  aggregation  and  melting  at  117- 
118**. 

0.2903  g.  gave  0.2986  AgCl.     CI  -  25-45%.     Ci»Hi4.2HCl  requires  CI  «  25.59%. 

Preparation  of  Hydrobromide. — ^The  fraction  was  dissolved  in  twice 
its  volume  of  gladal  acetic  add  and  well  cooled.  A  cold,  saturated  hy- 
drogen bromide  solution  in  gladal  acetic  add  was  added  in  it  and  well 
shaken,  when  a  crop  of  white,  needle-like  crystals  separated  which  were 
washed  with  gladal  acetic  add,  drained  on  a  porous  tile,  and  finally 
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recrystallized  from  acetic  ether.  It  melted  at  124-125  **.  Thus  the  identi- 
fication of  this  fraction  with  cadinene  was  confirmed. 

From  the  results  of  this  investigation,  the  following  conclusion  may 
be  drawn: 

The  Formosan  Hinoki  wood  oil  consists  chiefly  of  d-a-pinene  and 
cadinene,  with  a  small  amount  of  oxygenated  compounds.  The  amount 
of  terpenes  is  about  70%  and  that  of  sesquiterpenes  is  about  24%. 

Pinene  hydrochloride  may  advantageously  be  purified  by  sublimation 
and  it  melts  sharply  at  132. 5-133.5**  (corr.). 

Tokyo,  Javan. 


[Contribution  prom  thb  Chemistry  Dspartmsnt  op  VANDBRBaT  UmvBRsrrY.  ] 
ORGANIC  MOLECULAR  COMPOUNDS. 

By  Jambs  P.  Norrxs. 
Received  December  23,  1915. 

In  a  paper  pubUshed  sometime  ago  by  Norris,  Thomas,  and  Brown^ 
it  was  shown  that  tetraphenylethylene  dichloride,  (C6H6)2CCl.ClC(C«H5)t, 
formed  well-characterized  molecular  addition  products  with  chloroform 
and  with  carbon  tetrachloride.  Since  organic  molecular  compounds  have 
been  little  investigated,  it  seemed  advisable  to  study  such  compounds 
more  fully  in  order  to  determine,  if  possible,  the  conditions  necessary  for 
their  formation.  It  is  evident  that  a  satisfactory  theory  of  valency  must 
be  susceptible  of  explaining  the  atomic  relationships  in  molecular  com- 
potmds;  for  these  substances  are  as  definite  in  their  composition  as  the 
simpler  compounds,  which  are  explicable  with  our  present  inadequate 
views;  and,  moreover,  certain  so-called  molecular  compoimds  are  known 
which  are  more  stable  than  many  possessing  a  simple  atomic  structiu^. 
Our  present  theories  of  valency,  as  applied  to  organic  chemistry,  do  not 
cover  the  case  of  molecular  compounds,  and  we  cannot,  therefore,  pre- 
dict what  atomic  conditions  are  necessary  for  the  formation  of  a  com- 
pound as  the  result  of  the  union  of  two  molecules.  The  field  of  organic 
chemistry  is  the  best  available  for  the  investigation  of  these  atomic  con- 
ditions, since  slight  and  graded  changes  in  the  combining  power  which 
holds  the  atoms  together  can  be  made  by  introducing  into  the  molecule 
one  or  more  groups  the  nature  of  which  can  be  changed  at  will. 

The  results  described  below  were  obtained  in  a  preliminary  study 
of  this  problem.  Work  is  actively  in  progress  to  determine,  if  possible, 
the  causes  that  affect  the  mutual  affinity  between  atoms  in  organic  mole- 
cules, and  the  relationship  between  these  affinities  and  the  phenomenon 
of  the  formation  of  molecular  compounds. 

As  has  been  emphasized  of  late,  the  bonds  which  unite  atoms  in  an 
organic  compound  are  markedly  affected  by  the  nature  of  the  surround- 
J  Ber.,  43»  2940  (1910). 
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ing  atoms.  For  example,  the  miion  between  the  carbon  atom  and  the 
chlorine  atom  in  methyl  chloride  is  quite  different  from  that  between 
the  same  elements  in  triphenylmethyl  chlcMide.  At  present  we  have 
no  absolute  method  of  measuring  this  difference,  and  no  way  of  repre- 
senting it  in  our  graphic  formulas;  but  it  is  possible  to  get  a  definite  con- 
ception of  the  relative  activity  df  the  corresponding  atoms  in  a  series 
of  compounds  of  the  same  type.  The  results  reported  below  have  to  do 
with  the  study  of  this  problem  from  the  standpoint  of  the  formation 
of  molecular  compounds.  It  is  not  certain  whether  such  substances  are 
formed  as  the  result  of  the  existence  of  what  might  be  called  a  molecular 
valency  possessed  by  the  two  constituents  of  the  compound,  or  whether 
the  union  is  the  result  of  the  afiSnity  residing  on  single  atoms  in  each 
of  the  molecules.  If  the  latter  view  be  true,  the  atoms  which  are  instru- 
mental in  forming  the  molecular  compound  possess  in  the  simpler  mole- 
cules a  power  of  combination  which  comes  into  play  when  the  union 
takes  place.  According  to  the  accepted  views,  chloroform  and  carbon 
tetrachloride  are  saturated  compounds,  yet  they  are  able  to  unite  with 
other  compounds.  They  possess,  therefore,  a  power  of  combination  which 
must  be  taken  into  account  in  an  adequate  theory  of  valency. 

•In  order  to  guide  the  work  tmdertaken  to  throw  light  on  this  question, 
a  hypothesis  was  formulated  and  the  deductions  from  it  were  tested.  With 
our  present  conception  of  valency  it  seemed  that  more  definite  views 
susceptible  of  being  tested  could  be  arrived  at  by  attributing  the  power 
of  molecules  to  form  compounds  among  themselves,  to  single  atoms  in 
these  molecules.  A  yrorking  hypothesis  was  arrived  at  as  the  result  of 
the  following  considerations:  Every  element  contains  a  definite  amount 
of  chemical  enei^  which  undergoes  transformation,  in  part,  when  it 
enters  into  combination  with  another  element.  The  amount  of  chemical 
energy  in  the  resulting  compound  is  determined  by  the  amount  of  energy 
transformed  in  its  formation.  This  residual  energy,  which  still  is  present 
in  the  atoms,  makes  it  possible  for  the  molecule  to  unite  either  with  addi- 
tional atoms,  or  with  molecules  to  form  molecular  compotmds.  If,  in 
the  formation  of  the  original  molecule,  a  large  share  of  the  chemical 
energy  is  transformed,  the  resulting  compound  would  have  httle  power 
of  union  with  other  things;  if,  on  the  other  hand,  a  small  amotmt  only 
of  the  chemical  energy  has  been  lost,  the  compound  would  exhibit  in  a 
marked  degree  the  power  to  unite  with  other  substances.  If  this  residual 
energy  is  sufficient  in  amount,  a  compotmd  with  another  element  is  possible, 
whereas  if  the  amount  is  small  a  molecular  compound  may  be  formed. 
In  general,  the  change  in  energy  which  takes  place  in  the  formation  of 
molecular  compounds  is  less  than  that  transformed  in  the  formation  of 
simple  compounds.  For  example,  when  phosphorus  unites  with  chlorine 
to  form  phosphorus  trichloride  but  a  part  of  the  available  chemical  energy 
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is  transformed  into  heat.  When  the  trichloride  unites  with  chlorine  to 
fonn  the  pentachloride  more  of  the  energy  is  transformed,  but  the  latter 
compound  still  possesses  available  chemical  energy.  It  is  not  sufficient 
in  amount  to  react  with  more  chlorine,  but  it  can  become  available  when 
the  molecule  is  brought  into  contact  with  other  molecules;  many  molectdar 
compounds  containing  phosphorus  pentachloride  are  known.  When 
we  write  the  formula  of  the  compound  as  PCU  and  consider  the  mole- 
cule a  saturated  one,  the  conclusion  is  not  in  accord  with  the  facts.  When 
one  phosphorus  atom  unites  with  five  chlorine  atoms  but  a  part  of  the 
available  energy  of  the  chlorine  atoms  is  transformed;  they,  therefore, 
possess  energy  which  can  come  into  play  in  the  formation  of  molecular 
compounds.  Many  compounds  which  contain  a  number  of  chlorine 
atoms,  such  as  SbCU*  AsCU  and  SnCU,  form  well^characterized  molecular 
compounds  with  both  inorganic  and  organic  molecules.  The  above  views 
are  but  a  restatement  of  the  electrochemical  theory  of  BerzeUus.  It 
has  often  happened  in  the  development  of  science  that  advance  has  come 
as  a  result  of  the  application  of  the  older  theories  to  the  facts  which  have 
been  discovered  since  the  enunciation  of  these  theories.  According  to 
this  view  all  compounds  are  probably  unsaturated. 

The  appUcation  of  this  h3rpothesis  in  the  case  of  tetraphenylethylene 
is  as  follows:  The  hydrocarbon,  which  has  the  formula  (CeHi)sC  » 
CCCeHOs,  exhibits  an  anomalous  behavior;  it  will  not  form  a  dibromide 
when  treated  with  bromine,  and  does  not  show  the  characteristic  properties 
of  an  unsaturated  compound.  It  is  evident  that  the  chemical  affinity 
of  the  four  phenyl  groups  almost  completely  * 'neutralizes"  that  possessed 
by  the  two  carbon  atoms.  They  do  not  contain  enough  available  energy 
to  permit  of  their  union  with  bromine.  It  was  shown  that  the  hydro- 
carbon will  unite  with  chlorine,  however.  In  the  resulting  compound, 
tetraphenylethylene  dichloride,  the  two  chlorine  atoms  are  very  labile; 
they  are  removed  easily  by  metals,  and  interact  at  room  temperature 
with  water.  The  two  carbon  atoms  to  which  the  chlorine  atoms  are  at- 
tached do  not  hold  the  latter  firmly,  since  they  possessed  but  a  small 
amount  of  available  chemical  energy  which  was  transformed  ia  the  forma- 
tion of  tetraphenylethylene  dichloride.  As  a  result,  according  to  the 
hypothesis  put  forward  here,  but  a  small  amount  of  the  chemical  energy 
of  the  added  chlorine  has  been  expended  in  the  union,  and,  as  a  conse- 
quence, a  large  share  of  it  is  left  which  can  become  available  in  the  forma- 
tion of  molecular  compounds.  It  is  highly  probable  that  if  we  could 
measure  the  heat  of  formation  of  tetraphenylethylene  dichloride  from 
the  hydrocarbon  and  chlorine,  we  should  find  it  much  smaller  in  amount 
than  the  corresponding  heat  of  formation  of  ethylene  chloride.  In  the 
paper  cited  it  was  shown  that  tetraphenylethylene  dichloride  farmed 
molecular  compounds  with  chloroform  and  with  carbon  tetrachloride; 
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in  this  paper  analogous  addition  products  with  bromoform,  dichloro* 
bromomethane,  carbon  tetrabromide,  and  sulfuryl  chloride  are  described. 

From  the  point  of  view  which  has  been  stated,  it  seemed  probable  that 
compounds  which  contained  an  active  chlorine  atom  would  possess  the 
power  to  form  molecular  compounds.  The  activity  of  the  chlorine  atom 
in  triphenylchloromethane,  (CeHOsCCl,  resembles  that  of  the  halogen 
atoms  in  tetraphenylethylene  dichloride.  Its  activity  can  be  traced  to 
the  same  cause,  namely,  the  fact  that  in  establishing  the  union  between 
the  methane  carbon  atom  and  the  halogen,  but  a  small  amount  of  chemical 
energy  is  transformed,  and  as  a  result,  the  chlorine  atom  in  the  chloride 
possesses  a  large  share  of  its  energy  and  is  consequently  active.  In  testing 
this  view  it  was  found  that  triphenylchloromethane  forms  molecular  com- 
pounds with  carbon  tetrachloride  and  with  acetone;  other  addition  prod* 
ucts  are  now  being  investigated.  It  is  interesting  to  note  in  this  con- 
nection that  benzoyl  chloride  and  analogous  compounds  which  contain 
an  active  chlorine  atom  form  molecular  compounds;  these,  also,  are  now 
under  investigation. 

It  has  been  shown  by  previous  investigators  that  the  ability  to  add 
bromine  at  the  double  bond  in  compounds  of  the  t3rpe  RsC  =  CRs  is 
markedly  affected  by  the  nature  of  the  radicals  joined  to  the  ethylene 
carbon  atoms.  We  have  found  that  a  number  of  compounds  of  this 
type  which  do  not  add  bromine,  form  dichlorides.  The  ability  of  the 
latter  to  form  molecular  addition  products  is  being  studied.  It  has  been 
found  that  p-chlorotetraphenylethylene  unites  with  chlorine,  and  that 
the  resulting  dichloride  forms  molecular  compounds  with  chloroform  and 
carbon  tetrachloride.  The  stabiUty  of  these  compounds  is  much  less 
than  that  of  the  analogous  addition  products  containing  tetraphenyl* 
ethylene  dichloride.  As  was  expected  the  compound  containing  carbon 
tetrachloride  was  the  more  stable;  it  contained  two  molecules  of  carbon 
tetrachloride.  The  chloroform  addition  product  contained  but  one  mole- 
cule of  the  added  halogen  compound.  The  introduction  of  chlorine 
into  one  of  the  benzene  rings  reduced  the  power  of  the  resulting  molecule 
to  form  addition  products  and  made  it  unsymmetrical.  The  two  ethylene 
carbon  atoms  do  not  possess  the  same  degree  of  unsaturation,  and,  as 
a  consequence,  the  chlorine  atoms  added  to  these  might  be  expected  to 
show  different  properties.  It  is  highly  probable  that  the  formula  for  the 
chloroform  addition  product  should  be  written  thus: 
C1C«H4.C«H5  —  C  —  C(C«H,), 
I         I 

CI    a cuHc 

to  emphasize  the  fact  that  the  halogen  in  one  of  the  rings  has  weakened 
the  power  of  one  of « the  chlorine  atoms  to  form  molecular  compounds. 
A   study  of  tetrabromotetraphenylethylene  dichloride  brought  out  the 
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interesting  fact,  which  might  have  been  foretold  from  the  facts  just  stated^ 
that  the  compound  did  not  possess  the  power  to  form  molecular  com- 
pounds with  any  of  the  substances  investigated. 

Prom  the  results  obtained  and  the  h3rpothesis  put  forward,  we  were 
led  to  investigate  the  possibility  of  the  formation  of  molecular  addition 
products  by  compounds  other  than  those  containing  halogen  atoms.  From 
the  point  of  view  put  forward  it  appeared  probable  that  substances  of 
two  distinct  classes  might  possess  the  power  to  form  mcdecular  com- 
pounds. The  first  class  consists  of  compounds  which  possess  an  active 
element  or  group.  The  fact  that  such  an  element  or  group  can  be  readily 
removed  by  reagents  indicates  that  one  factor  in  its  activity  is  that  it  is 
not  firmly  bound  in  the  compound,  or,  in  other  words,  it  contains  a  large 
amount  of  available  energy.  A  study  of  compounds  of  this  type  is  now 
being  made.  It  has  been  fotmd,  for  example,  that  triphenylcarbinoU 
which  contains  an  active  hydroxyl  group,  forms  molecular  compounds 
with  acetone  and  with  carbon  tetrachloride.  It  is  of  interest  to  point 
out  in  this  connection  that  the  methane  hydrogen  atom  in  triphenyl- 
methane  can  be  readily  replaced  by  other  atoms  or  groups;  it  is  unusually 
active  for  a  hydrogen  atom  joined  to  carbon.  Triphenylmethane  forms 
a  well-characterized  molecular  compound  with  benzene,  and  it  was  shown 
by  one  of  us^  that  it  forms  a  compotmd  with  aluminium  chloride.  It 
is  highly  probable  that  the  hydrogen  atom  joined  to  the  methane  carbon 
atom  furnishes  the  chemical  energy  which  is  involved  in  the  formation 
of  such  molecular  compounds.  The  hydrocarbon  is  being  further  investi- 
gated from  this  point  of  view. 

The  second  class  of  substances  which  might  possess  the  power  to  form, 
molecular  compounds  are  those  containing  so-called  unsaturated  carbon 
atoms  which  have  largely  lost  their  power  to  add  other  atoms  as  the  re- 
sult of  the  accumulation  of  negative  groups  around  the  unsaturated  atoms. 
As  has  been  pointed  out  the  unsaturation  of  tetraphenylethylene  and  similar 
compotmds  is  very  slight.  The  available  energy  is  not  great  enough  in 
amount  in  most  cases  to  bring  about  the  reactions  characteristic  of  highly 
unsaturated  compounds  like  ethylene.  The  unsaturation  may  be  great 
enough,  however,  to  lead  to  the  formation  of  molecular  compounds.  In 
confirmation  of  this  view  it  was  found  that  tetrabromotetraphenylethylene, 
which  contains  an  inactive  double  bond,  forms  molecular  compounds 
with  acetone,  methyletbyl  ketone,  diethyl  ketone,  ethyl  acetate,  carbon 
tetrachloride,  and  benzene.  Other  compounds  of  this  type  are  being 
studied.  It  is  of  interest  to  note  in  this  connection  that  benzene  forms 
a  number  of  molecular  compounds.  The  power  to  form  such  compounds 
is  due,  according  to  the  views  put  forward  here,  to  the  fact  that  the  im- 
saturation  of  benzene  is  very  slight;  it  resembles  that  of  the  double  bond 
*  Am.  Chem.  /.,  26,  499  (1901). 
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in  tetraphenylethylene.  The  available  energy  is  not  sufficient  in  amount 
to  permit  the  compound  to  add  atoms  readily,  but  is  sufficient  for  the 
formation  of  molecular  compounds,  since  in  such  formation  small  amounts 
of  energy,  are,  in  general,  transformed. 

The  views  put  forward  have  led  to  the  conclusion  that  the  number  of 
atoms  with  which  any  atCMOi  unites  is  not  limited  to  the  valence  of  the 
latter.  The  tendency  of  atoms  to  lose  their  chemical  energy  is  the  factor 
which  leads  to  the  formation  oi  compounds.  This  loss  can  be  brought 
about  in  steps.  The  ntunber  of  possible  steps  when  atoms  or  radicals 
are  added  is  the  valence  oi  the  element.  When,  however,  a  smaller  ex- 
penditure of  energy  takes  place,  as  in  the  addition  of  molecules,  the  ntmi- 
ber  of  steps  can  be  increased.  It  is  highly  probable  that  the  forces  which 
bind  together  molecules  are  of  the  same  nature  as  that  which  comes  into 
play  in  the  formation  of  simple  compounds;  the  difference  is  one  not  of 
kind  but  amount. 

The  existence  of  many  of  the  organic  molecular  compounds  described 
in  the  literattu*e  can  be  explained  from  the  point  of  view  put  forward  here. 
A  large  amotmt  of  additional  work  must  be  done,  however,  to  test  the 
h3rpothesis  stated.  This  will  include  a  study  of  the  effect  of  the  nature 
of  the  radicals  present  in  a  compotmd  on  its  ability  to  form  molecular 
addition  products.  Since  decrease  in  temperatiu-e  is  often  associated 
with  increase  in  combining  power,  it  is  probable  that,  at  temperatures 
lower  than  that  of  the  atmosphere,  such  an  increase  may  lead  to  the  forma- 
tion of  molecular  compotmds  by  substances  which  do  not  ordinarily  ex- 
hibit this  power.  A  study  of  the  effect  of  temperature  on  the  formation 
of  molecular  compounds  is  accordingly  being  made. 

Experimental  Part.^ 

WiUi  Katbamiks  E.  Roonvy.  Janbt  S.  Mukpby  and  Cakolyn  P.  Dodos. 

Preparation  of  Tetraphenylethylene  Dichloride. — ^The  tetraphenyl* 
ethylene  used  throughout  the  work  was  prepared  easily  and  in  large  quanti- 
ties from  benzophenone  chloride  and  diphenylmethane  according  to  the 
directions  given  in  the  paper  referred  to  in  the  introduction.  Directions 
for  a  convenient  method  of  preparation  of  benzophenone  chloride  from 
carbon  tetrachloride  and  benaene  are  also  given  in  the  same  paper.  In 
order  to  make  tetraphenylethylene  dichloride  the  hydrocarbon  was  dis- 
solved in  the  smaDest  amount  of  chloroform  and  the  solution  was  then 
saturated  with  dry  chlorine.  The  solvent  was  next  distilled  off  on  a  water 
bath,  and  the  resulting  crystals  were  recrystallized  from  a  mixture  of  equal 
volumes  of  dry  ethyl  acetate  and  carbon  bisulfide.  The  yield  of  the  pine 
compoimd  was  about  90%  of  the  theoretical.  The  compound  forms  large 
transparent  crystals  that  melt  at  160-162®  with  decomposition. 

^  The  work  described  in  the  paper  was  done  in  the  laboratory  of  Simmons  College. 
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Preparation  of  the  Compound  (CflH6)2CCl.ClC(C«H6)j.2CHBrj.— 
A  compotind  of  tetraphenylethylene  dichloride  and  chlorofonn  was  de- 
scribed in  the  paper  referred  to  in  the  introduction.  Experiments  with 
bromoform  led  to  the  preparation  of  an  analogous  compound.  This 
addition  product  was  prepared  by  satiu-ating  hot  bromoform  with  tetra- 
phenylethylene dichloride,  and  allowing  the  solution  to  cool.  The  crystals 
were  filtered  off  and  after  drying  in  the  air  were  analyzed  by  determining 
the  loss  in  weight  (bromoform)  when  heated  in  a  Victor  Meyer  bath 
containing  boiling  water,  the  temperatiu-e  of  the  inside  of  the  bath  being 

92'. 

1.6235  g.  came  to  const,  wt.  in  3  hrs.  and  lost  0.9052  g.    Calcd.  loss  in  wt.  for 
the  formula  given  above,  55.67%.    Found,  55-75 %• 

The  composition  of  the  addition  product  was  also  determined  by  5301- 
thesis.  A  weighed  quantity  of  tetraphenylethylene  dichloride^.was  placed 
in  a  desiccator  with  a  vessel  containing  bromoform,  and  k<^pt  tmtil  the 
dichloride  came  to  a  constant  weight.  On  account  of  the  sfigbt  volatility 
of  bromoform  the  addition  took  place  very  slowly;  the  weight  was  constant 
at  the  end  of  ten  weeks.  The  tetraphenylethylene  dichloride  used  was 
obtained  by  allowing  the  crystals  of  its  addition  product  with -chloroform 
to  lose  the  latter  at  room  temperature ;  it  was  in  the  form  of  a  friable  porous 
mass. 

1.0733  g.  of  tetraphenylethylene  dichloride  increased  in  wt.  1.3467  g.    Calc.  for 
(C«H*),CCl.ClC(C4H*)8.2CHBr,:  125.6%.     Found:  125.4%. 

Preparation  of  the  Compound  (C6H6)«CCl.ClC(C«H6)a.2CBr4.— A  com- 
pound of  tetraphenylethylene  dichloride  and  carbon  tetrachloride  was 
described  in  the  paper  cited  above.  The  addition  product  with  carbon 
tetrabromide  was  prepared  by  dissolving  the  compound  and  tetraphenyl- 
ethylene dichloride  in  carbon  disulfide  and  allowing  the  solution  to  evap- 
orate spontaneously.  Solutions  were  prepared  containing  the  constitu- 
ents in  the  molecular  ratio  of  one  of  the  dichloride  to  one  of  carbon  tetra- 
bromide and  of  one  of  the  former  to  two  of  the  latter.  The  same  compound 
was  obtained  in  the  two  cases.  It  melted  at  144-147®.  The  substance 
was  analysed  by  heating  it  to  constant  weight  at  92®  in  a  Victor  Meyer 
bath. 

1.3220  g.  lost  0.8394  S'  i<i  36  lu's.  when  heatedto  const,  wt.     Calc.  for  (C«Hs)tCCl.- 
ClC(C«Hs)8.2CBr4:  62.23%.    Found :  63.42 %. 

Preparation  of  the  Compound  (C6HB)2CCl.ClC(C6H6)«.2CHBrCU.— 
The  compoimd  was  prepared  by  crystaUizing  the  dichloride  from  hot 
dichlorobromomethane.  It  resembled  in  appearance  the  analogous 
chloroform  compound. 

0.8677  g.  lost  0.4165  g.  in  I  hr.  at  92  *".     Calc.  for  (C«HB)jCCl.ClC(C«H»)».2CHCliBr: 
44.87%.     Found:  4799%. 

Preparation  of  the  Compound  (C6H6)aCCl.ClC(C6H6)2.2SOjCl2.— This 
compound  was  prepared  by  crystallizing  tetraphenylethylene  dichloride 
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from  hot  sulfuryl  chloride.  It  was  also  formed  by  placing  a  sample  of 
tetraphenylethylene  chloride  in  a  desiccator  containing  sulfuryl  chloride. 
The  compound  crystaUizes  in  shiny,  transparent  crystals,  which  effloresce 
rapidly  and  are  readily  decomposed  by  the  moisture  of  the  air.  Analysis  ' 
indicated  that  the  formula  was  that  given  above  although  concordant 
results  were  not  obtained  on  account  of  the  instability  of  the  compound. 

Preparation  of  the  Compound  /^-ClC«H4.C«H5.CCl.ClC(C6H»)t.CHCl|. 
— /^-Chlorotetraphenylethylene  was  prepared  as  described  in  the  article 
cited  above.  It  was  purified  by  the  method  described  below.  The  com- 
pound was  formed  by  boiling  together  as  long  as  hydrogen  chloride  was 
evolved  a  mixture  of  /'-chlorobenzophenone  chloride  and  diphenylmeth- 
ane.  The  product  was  distilled  and  the  part  which  solidified .  was  crys- 
tallized repeatedly  from  hot  alcohol,  and  finally  from  glacial  acetic  acid, 
when  it  wa^  obtained  in  small  crystals  which  melted  at  165-167^.  The 
compound^Nl^as  dissolved  in  chloroform  and  the  solution  saturated  with 
dry  chlorini^!  On  evaporation  a  gummy  mass  was  obtained.  When 
this  was  dissolved  in  acetone  and  the  solution  was  allowed  to  evaporate, 
well-formed  aystals  of  ^-chlorotetraphenylethylene  dichloride  were 
obtained.  The  compotmd  is  readily  soluble  in  chloroform,  carbon  tetra- 
chloride, and  petroleum  ether;  it  dissolves  with  difficulty  in  cold  acetone, 
and  readily  in  hot  acetone.    It  melts  at  135-137**. 

The  addition  product  of  ^-chlorotetraphenylethylene  dichloride  and 
chloroform  was  prepared  by  saturating  warm  chloroform  with  the  di- 
chloride and  cooling  the  resulting  solution  in  a  mixture  of  ice  and  con- 
centrated hydrochloric  acid.  The  product  was  obtained  in  shiny,  cubical 
crystals  resembling  the  analogous  compound  containing  tetraphenyl- 
ethylene.   It  melted  at  58-59®.    It  loses  chloroform  rapidly  in  the  air. 

0.4643  g.  lost  0.0869  g.  at  92  ^    Calc.  for  C1CJl4.CA.CCl.ClC(CiHt)i.CHCli: 
71,42%.    Pound:  18.72%. 

Preparation  of  the  Compound  C1C6H4.C«H6.CC1.C1(C6H6)2.2CC14.— 
The  compound  was  prepared  by  crystallizing  the  dichloride  from  carbon 
tetrachloride.  The  aystals  which  separated  on  cooling  melted  at  91- 
93  ®.  As  the  carbon  tetrachloride  was  lost  quickly  in  the  air  it  was  difficult 
to  obtain  a  sample  for  analysis  free  from  mechanically  held  solvent  and 
at  the  same  time  prevent  loss  of  the  chemically  combined  carbon  tetra- 
chloride. The  stability  of  this  compotmd  is  markedly  different  from  the 
one  of  analogous  composition  containing  tetraphenylethylene  dichloride. 

0.5664  g.  lost  0.257  g.  at  92  ^    Calc.  for  ClC,H4.C.Hi.CCl.ClC(C6H5)2.2CCl4: 
42.7%.    Found:  46.3%. 

Preparation  of  the  Compound  f-(BrC«H4)«C  =  C(C«H4Br)2.— An  im- 
proved method  of  preparing  this  compotmd  is  as  follows:  To  5  g.  of 
tetraphenylethylene,  which  has  been  ground  to  a  fine  powder  and  is 
spread  out  in  a  thin  layer,  are  added  7.5  cc.  of  bromine  in  small  portions 
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and  with  stirring.  When  the  excess  of  bromine  has  evaporated,  the  prod- 
uct is  crystallized  from  boiling  acetone,  in  which  it  is  not  very  soluble. 
It  is  obtained  in  shiny  crystals  which  contain  acetone  (see  below).  When 
heated  the  acetone  is  lost  and  the  compound  then  melts  at  251-252**. 
The  yield  of  the  pure  compound  is  about  65%  of  the  theoretical. 

Preparation  of  the  Compound  (BrC6H4)2CCl.ClC(CeH4Br)2.— The  com- 
pound was  prepared  by  saturating  a  solution  of  tetrabromotetraphenyl- 
ethylene  in  carbon  tetrachloride  with  dry  chlorine.  The  solution  is  next 
evaporated  to  dryness  and  the  residue  crystallized  from  a  hot  mixture  of 
equal  volumes  of  carbon  disulfide  and  ethyl  acetate.  The  compound 
melts  at  190-192  ^.  Unsuccessful  attempts  were  made  to  prepare  addition 
products  of  the  compound  with  chloroform  and  carbon  tetrachloride. 

Preparation  of  the  Compound  (BrCflH4)2C  =  C(C6H4Br)2.2(CHa)sCO. 
— ^Tetrabromotetraphenylethylene  crystallizes  from  acetone  in  shiny 
needles  which  become  opaque  when  allowed  to  stay  in  the  air. 

0.9642  g.  of  substance  lost  0.1357  g.  at  92**.  Calc.  for  the  formula  given  above: 
15*09%.  Found:  14.06%.  Another  sample  which  was  allowed  to  stand  4  minutes 
in  the  air  after  all  visible  acetone  had  been  removed  lost  15.53%  when  heated  to  constant 
weight. 

Preparation  of  the  Compound  (BrC«H4)2C  =  C(C6H4Br)j.CH800C«Hi. 
— ^This  compound  was  prepared  by  crystallizing  the  substituted  hydro- 
carbon from  methylethyl  ketone.  The  molecular  compound  is  much 
more  stable  than  the  acetone  addition  product. 

0.7410  g.  substance  lost  0.0727  g.  at  92  ^  Calc  for  the  formula  given  above: 
10.00%.     Found:  98 1%. 

Preparation  of  the  Compound  (BrC«H4)2C  =  C(C«H4Br)a.(C2H«)tC0. 

—The  addition  product  was  prepared  by  crystallizing  the  substituted 

hydrocarbon  for  diethyl  ketone.     It  crystallizes  in  long,  lustrous  needles. 

0.6806  g.  of  substance  lost  0.0842  g.  at  92  **.     Calc.  for  the  above  formula:  11.71%. 

Found:  12.37%. 

Preparatioir  of  the  Compound  (BrC6H4)aC  =  C(C«H4Br)2.CCl4.— 
This  compound  was  formed  when  tetrabromotetraphenylethylene  was 
crystallized  from  carbon  tetrachloride.  The  compound  forms,  small 
crystals  which  effloresce  rapidly. 

0.4421  g.  lost  0.0803  g.     Calc.  for  the  above  formula:  19.20%.     Found:  18.17%. 

Preparation  of  the  Compound  (BrCeH4)2C  =  C(CeH4Br)2.CH|COOCtH». 
— ^This  compound,  prepared  by  crystallization  from  ethyl  acetate,  was 
relatively  stable.  When  a  gram  was  exposed  to  the  air  at  room  tempera- 
ture it  lost  ethyl  acetate  at  the  rate  of  one  milligram  in  10  minutes. 

0.9032  g.  lost  0.1 105  g.  at  92  ^    Calc.  for  the  above  fonnula:  11.96%.    Pound: 

12.17%. 

Preparation  of  the  Compound  (BrCeH4)2C  =  C(C«H4Br)t.CfH«.— 
The  compound  formed  large,  lustrous  needles. 
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1*3694  g.  lost  0.1549  g.  at  93®.    Calc.  for  the  above  formula:  10.75%.    Found: 
11.32%. 

Preparation  of  the  Compound  [(C«H»)«COH]4[CCl4]8— Triphenyl- 
carbinol  crystallizes  from  hot  carbon  tetrachloride  on  cooling  in  large, 
flat,  square  aystals.  They  begin  to  efiSoresce  on  being  exposed  to  the  air 
and  soon  become  opaque.  The  compound  was  repeatedly  prepared  and 
analyzed  on  account  of  the  fact  that  the  analytical  results  did  not  agree 
with  the  simple  formula  that  was  anticipated  from  a  consideration  of  the 
composition  of  the  analogous  compounds.  The  time  during  which  the  crys- 
tals were  allowed  to  stand  in  the  air  was  varied.  The  losses  in  weight  in  a 
series  of  analyses  were  as  follows:  30.44,  30.87,  31.06  and  30.77%.  The 
calculated  loss  for  a  compound  containing  one  molecule  of  each  constitu- 
ent is  37.19%  and  for  one  containing  two  of  the  carbinol  to  one  of  carbon 
tetrachloride  is  22.84%.  ^^^  calculated  loss  for  a  compound  of  the  formula 
given  above  is  30.75%. 

Preparation  of  the  Compound  [(C«H6)sCOH]j(CH,)2CO.— Triphenyl- 
carbinol  (crystallizes  from  acetone  in  large,  transparent,  prismatic  crystals 
which  efiSoresce. slowly. 

0.6022  g.  lost  0.0613  g.  when  heated  to  oonstant  weight.    Calc.  for  a  compound 
of  the  above  compositioii:  10.06%.    Found:  10,18%, 

Preparation  of  the  Compound  (CfHft)»CCl.CCl4.— Triphenylchlorometh- 
ane  oystallizes  from  carbon  tetrachloride  in  small,  lustrous  crystals 
which  do  not  effloresce  rapidly  in  the  air. 

0.5073  g.  loet  0.1444  g.  at  $2*^.    Calc.  for  the  above  formula:  28.92%.    Pound: 
28.46%. 

Preparation  of  the  Compound  [(C«H5)8CCll2.(CH8)2CO.— A  com- 
potmd  of  this  composition  was  obtained  by  allowing  a  solution  of  triphenyl- 
chloromethane  in  acetone  to  evaporate  spontaneously.  The  addition 
product  is  relatively  stable. 

0.59 16  g.  lost  0.0553  g.  at  92  ®.    Calc.  for  the  above  formula :  9.43  %.    Found :  9.35  %, 
Nashviuji.  Tbnn^sshs. 


[Contribution  prom  thb  Dbpartmbnt  op  Research  in  Purb  Chbmistry,  Mbllon 
Institute,  University  op  Pittsburgh.] 

ON  THE  DETECTION  AND  DETERMINATION  OF  HALOGENS 
IN  ORGANIC  COMPOUNDS, 

By  I.  Drooxn  akd  M.  A.  Rosamovp. 
Received  January  13.  1916. 

Some  years  ago  C.  W.  Bacon,*  at  the  instance  of  one  of  us  (M.  A.  R.)^ 
undertook  to  test  an  apparently  valuable  method  for  determining  halogens 
in  organic  compounds  that  had  been  recommended  by  Stepanoff  in  1906.* 

>  Bacon,  Tms  Journal,  31,  49  (1909). 
•  Stepanoff,  Ber.,  39,  4056  (1906). 
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Stepanoff's  method  consisted  in  dissolving  the  given  halogen  compound 
in  98%  alcohol  and  adding  a  certain  excess  of  metallic  sodium;  later, 
diluting  with  water,  distUling  off  the  alcohol,  acidifying  with  nitric  add 
and,  finally,  measuring  the  freed  halogen  acid  by  Volhard's  method. 
Bacon  followed  Stepanoff's  directions  scrupidously,  yet  the  results  were 
tmsatisfactory.  Then,  in  view  of  the  great  simplicity  of  Stepanoffs 
method  and  its  obvious  advantages  over  the  generally  used  method  of 
Carius,  Bacon  undertook  to  improve  Stepanofif's  directions,  and  after 
a  certain  amotmt  of  experimenting  believed  to  have  succeeded  in  developing 
Stepanoff's  principle  into  a  universally  reliable  analytical  method.  In 
his  paper,  Bacon  reports  a  series  of  successful  analyses  of  some  decidedly 
refractory  compotmds,  including  ten  consecutive  analyses  of  hexachloro- 
benzene.    The  problem  thus  appeared  to  be  solved. 

Two  years  later  Stepanoff's  method  was  independently  investigated 
by  C.  H.  Maryott.^  At  the  suggestion  of  Professor  Van  Name,  Maryott 
substituted  potassium  in  place  of  the  sodium  used  by  Stepanoff ,  and  ana- 
lyzed chlorobenzene,  bromobenzene,  hexachlorobenzene,  and  ./'-chloro- 
aniline,  with  sufficiently  good  restdts.  Maryott  claims  greater  rapidity 
for  his  method  by  comparison  with  the  sodium  method  as  recommended 
by  Bacon. 

Bacon's  directions,  on  the  other  hand,  were  investigated  by  Walker 
and  McRae,'  but  with  unsatisfactory  results:. 

''With  Bacon's  method/'  they  say,  "about  forty  trials  were  made  [in  the  case  of 
bromobenzene],  all  of  the  results  being  low,  and  in  no  case  were  duplicates  obtained 
which  agreed,  which  showed  that  the  reduction  was  incomplete  and  irregular."  Walker 
and  McRae  were  "forced  to  conclude,  therefore,  that  this  method  is  not  <^  general 
applicability,  and  especially  cannot  be  used  with  difficultly  reducible  substances." 

Most  of  the  results  obtained  by  Walker  and  McRae  were  only  one  or 
two  per  cent.  low.  Bacon  himself,  as  already  stated,  had  obtained  a 
series  of  very  good  results  indeed.  It  appeared  possible,  therefore,  that 
Stepanoff's  principle  might  yet  be  developed  into  a  desirable  analytical 
method  by  an  appropriate  modification  of  Bacon's  procedtu'e.  And  when, 
early  in  1915,  another  investigation' in  which  the  present  authors  were 
engaged  had  to  be  temporarily  interrupted,  it  was  decided  to  re-investigate 
the  halogen  problem  and  make  a  new  attempt  to  render  fruitful  the  princi- 
ple employed  by  Stepanoff. 

A  series  of  trials  according  to  the  directions  recommended  by  Bacon 
soon  convinced  us  that  Walker  and  McRae  were  right,  and  that  those 
directions  were  really  somewhat  imperfect.  Another  series  of  trials,  in 
which  we  followed  the  directions  given  by  Maryott,  using  w-bromo- 
benzoic  acid,  yielded  still  poorer  results,  and  even  when  the  amount  of 
potassium  used  was  four  or  five  times  that  specified  by  Maryott,  our 
*  Maryott,  Am,  /.  Set.,  30,  378  (1910);  Chem.  News,  X03,  i  (191 1). 
«  This  Joxjhnal,  33,  598  (1911). 
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figures  were  still  several  per  cent,  below  the  theoretical  percentage.  Pos- 
sibly Maryott  may  have  neglected  to  mention  some  jessential  detail  of 
manipulation. 

We  then  undertook  a  systematic  series  of  experiments,  gradually  modify- 
ing Bacon's  method  in  its  several  steps;  and  at  last  our  efforts  were,  ¥re 
think,  successful.  We  found  that  increasing  Bacon's  amount  of  sodium 
by  10%  and,  at  a  later  stage,  carrying  out  the  Volhard  halogen  determina- 
tion with  all  necessary  care,  led  to  uniformly  excellent  results  in  all  cases 
without  exception.  This,  we  believe,  is  fully  enough  demonstrated  below 
by  the  results  of  sixty-four  consecutive  analyses  of  eleven  substances  be- 
longing to  different  classes.  In  order  to  positively  insure  success  in  the 
use  of  the  method  by  others,  the  directions  will  be  stated  in  great  detail. 

Directions. 

The  required  reagents  are:  (i)  absolute  alcohol;  (2)  metallic  sodium; 
(3)  pure  nitric  add;  (4)  a  iV/15  solution  of  silver  nitrate;  (5)  a  iV/15 
solution  of  ammonium  thiocyanate;  and  (6)  a  solution  of  ferric  ammonium 
alum. 

Remarks  Concerning  the  Reagents. — Ordinary  absolute  alcohol  should 
be  redistilled  from  metallic  sodium,  about  10  g.  of  sodium  being  used  per 
liter  of  alcohol.  As  a  precaution  against  any  possible  oxidation  of  the 
alcohol,  the  distillation  may  be  carried  out  in  a  slow  stream  of  dry  hy-. 
drogen.  The  sodium  should  be  carefully  tested  for  the  presence  of  halogens. 
The  best  commercial  sodium  will  be  found  to  be  sufficiently  pure.  If 
only  a  less  pture  metal  is  available,  a  determination  of  its  chlorine  content 
must  be  carried*  out  on  a  sample  of  at  least  10  g.,  and  subsequently  the 
error  due  to  this  source  corrected.^  The  oxide  film  on  the  siurface  of  the 
metal  should  be  removed,  and  the  bright  pieces  weighed  and  kept  for  use 
under  kerosene  oil.  The  nitric  acid  and  the  water  used  should,  of  course, 
be  halogen  free;  the  reagent  should  contain  one  part  of  the  concentrated 
add  to  .three  parts  of  water.  The  iV/15  solution  of  silver  nitrate  may  be 
made  up  by  dissolving  11.326  g.  of  the  dry  salt  in  water  and  diluting  to 
one  Uter.  Naturally,  the  exact  strength  of  the  solution  must  be  determined 
dther  gravimetrically,  or  volumetrically  by  titration  against  a  hydro- 
diloric  add  of  precisely  known  strength.^  The  ammonium  thiocyanate 
reagent  may  be  made  up  by  dissolving  5.075  g.  of  the  pure  dry  salt  in  water 
and  diluting  to  one  liter.  The  exact  strength  of  the  solution  is  determined 
by  titration  against  the  above  silver  nitrate  solution.  The  ferric  salt 
indicator  is  made  up  by  preparing  a  solution  of  ferric  ammonimn  alum 
as  nearly  saturated  as  possible,  and  adding  concentrated  nitric  add  until 
the  original  red  of  the  solution  has  turned  to  straw-yellow. 

'  The  sample  of  sodium  used  by  ourselves  required  a  correction  of  from  o.i  to 
0.2  in  the  percentage  of  halogen  in  the  compounds. 

*  See  Hulett  and  Bonner,  This  Journal,  31,  390  (1909). 


Digitized  by  VjOOQIC 


714  I-  DROGIN  AND  M.  A.  ROSANOPF. 

Amounts  of  Alcohol  and  Sodium  Required. — ^A  large  number  of  ex* 
periments  have  demonstrated  that  the  following  relative  quantities  of 
alcohol  and  sodium  are  necessary  and  sufficient  for  the  complete  extraction 
of  the  halogens  from  apparently  any  organic  combination.  If  W  denotes 
the  weight  of  substance  taken  (between  0.2  and  0.3  g.)»  and  if  the  halogen 
in  the  given  compound  is  chlorine,  then  the  ntunber  of  cubic  centimeters 
of  alcohol  in  which  the  substance  is  to  be  dissolved,  should  be  1561^; 
the  ntunber  of  grams  of  sodium  to  be  used  then  is  21.5W.  If  the  given 
compound  contains  bromine,  then  681^  cc.  of  alcohol  and  9.4W  g.  of 
sodium  should  be  used.  If  the  compound  contains  iodine,  then  j^W 
cc.*of  alcohol  and  6.1W  g,  of  sodium  should  be  used. 

Principal  Operation. — ^From  0.2  to  0.3  g.  of  the  substance  to  be  analyzed 
is  introduced  into  a  dry  Kjeldahl  flask  of  300  cc.  capacity,  the  required 
amount  of  absolute  alcohol  is  added,  and  the  flask  attached  to  a  IMhig 
reflux  condenser  (the  constricted  end  of  the  inner  tube  of  the  condenser 
is  best  cut  off).  The  contents  of  the  flask  are  now  warmed  with  a  burner 
flame  placed  tmder  an  asbestos  gauze;  when  the  solid  has  dissolved,  the 
flame  is  turned  out,  and  the  gradual  introduction  of  the  sodium  is  begun. 
Small  pieces  of  the  metal  are  removed  from  the  kerosene  in  which  they 
have  been  kept,  rapidly  dried  with  filter  paper,  and  rolled  out  into  little 
.  rods,  which  are  dropped  into  the  solution  through  the  condenser.  At  no 
time  should  there  be  more  than,  say,  three  pieces  of  undissolved  so- 
dium together  in  the  flask.  The  introduction  of  the  sodium  should  take  aUo- 
geiher  about  thirty  minutes,  and  during  at  least  the  second  half  of  the  time 
the  dissolution  of  the  sodium  should  be  aided  by  a  small-flame  under  the 
flask.  After  all  the  sodium  has  been  introduced  the  solution  shotjld  be 
allowed  to  boil  gently /or  a  full  hour,  during  which  it  should  be  shaken  three 
or  four  times  to  help  dissolve  the  metal.  Sometimes  even  this  does  not 
suffice  to  dissolve  the  last  particles  of  metal;  but  a  small  undissolved 
remnant  is  harmless.  Now,  after  cooling,  the  contents  of  the  flask  are 
diluted  through  the  condenser  with  water,  i  cc.  at  a  time  being  added  at 
first,  as  long  as  vigorous  acticm  ensues.  The  total  volume  of  the  diluted 
solution  should  be  about  250  cc.  Carbonization,  which  at  times  occurs 
during  dilution,  is  harmless.  Next  the  solution,  while  kept  cool  with 
tap-water,  is  acidified  with  the  i  to  3  nitric  add  reagent  (the  addition  of 
nitric  add  generally  causes  considerable  reduction  of  the  reddish  color 
of  the  diluted  alkaline  solution).^ 

On  transferring  the  addified  contents  of  the  Kjddahl  flask  into  a  large 
beaker,  a  meastu-ed  amoimt  of  silver  nitrate  solution  is  added,  suffident  to 
precipitate  the  entire  halogen  present  and  about  3-4  cc.  in  excess.    The 

^  If  the  halogen  involved  is  iodine,  the  alkaline  solution  should  be  acidified  more 
slowly  and  with  much  greater  caution;  it  should  be  thoroughly  cooled  with  ice,  and  a 
much  more  dilute  nitric  add  employed. 
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precipitate  is  filtered  off/  the  filtrate  being  allowed  to  run  into  a  porcelain 
dish  of  about  one  liter  capacity.  To  the  filtrate  are  added  lo  cc.  (no  less)  of 
the  ferric  indicator,  and  then  ammonium  thiocyanate  is  run  in,  to  the  ap- 

RJ88ULTS. 
II.  Bromobenzene, 
CJI»Br. 
Theory,  50.92%  bromine. 


I.  Chlarobenxene.  C«H«CL 


III. 


Theory,  31.52%  chlorine. 


Hexacfalorobenzene, 
C^CU. 
Theory,  74.71%  chlorine. 


Chlorine  found.     Difference. 
Per  cent.           Per  cent. 

Bromine  found. 
Pwcent. 

Difference. 
Percent. 

Chlorine  found. 
Pwcent. 

Difference. 
Percent. 

31.34              —0.18 

50.78 

—0.14 

74  59 

— o.ia 

31.33              —0.17 

50.79 

—0.13 

74.61 

— 0.10 

31.51            — o.oi 

50.75 

—0.17 

74  61 

— O.IO 

31.38               —0.14 

50.82 

— O.IO 

74.60 

— O.II 

31.31                -^^.21 

50.86 

— 0.06 

74.39 

— 0.12 

* 

50.84 

— 0.08 

74.61 

— 0.10 

IV.  Benzene  Hezachloride; 

V.  fff-Chlorobenzoic  Add, 

VI.  ^Chlordbenzoic  Add, 

CHtCU. 

C,H4aCX>,H. 

CtHiClCOJH. 

Theory,  73.16%  chlorine. 

Theory,  22.66%  chlorine. 

Theory,  22.66%  chlorine. 

Per  cent.           Per  cent. 

Chlorine  found. 
Percent. 

Difference. 
Per  cent. 

Chlorine  found. 
Percent. 

Difference. 
Ptt-oeat. 

73.22            -ho. 06 

22.66 

0.00 

22.60  • 

— 0.06 

73.21                +0.05 

22.63 

— 0.03 

22.60 

—0.06 

73.26            -ho.  10 

22.54 

— 0.12 

22.67 

-ho.  01 

73.08            —0.08 

22.58 

— 0.08 

22.54 

— 0.12 

73.23            +0.07 

22.61 

— 0.05 

22.62 

— 0.04 

22.60 

— 0.06 

22.63 

— 0.03 

VII.  m-Bromobenzoic  Add, 
CtH4BrCOsH. 
Theory,  39-77%  bromine. 
'  Bromine  found.     Difference. 
Per  cent. 


39.71 
39.71 
39  67 
39.75 
39.68 
39.64 
X 


Percent. 
— 0.06 
— 0.06 
— O.IO 

— 0.02 
— 0.09 

—0.13 

a-Bromonaphthalene, 

CioH,Br. 

Theory,  38.61%  bromine. 

Bromine  found.     Difference. 
Per  cent. 

38.60 

38.60 


VIII.  ^Bromobenzoic  Add, 

Cai3rCOtH. 
Theory,  39*77%  bromine. 
Bromine  found.     Difference. 
Per  cent. 


IX.  Benzyl  Chloride, 

COIgCHiCl. 

Theory,  28.03%  chlorine. 


Per  cent. 
39.67 
39.66 

39.71 
39.68 
39  64 
39.78 


—O.IO 
.— O.Il 

— 0.06 

— 0.09 

—0.13 

+0.01 


XI. 


Chlorine  found. 
Percent. 

27.94 
27.81 

27.95 
28.10 
27.96 
27.96 

Iodoform.  CHIt. 


Difference. 
Percent. 

— 0.09 

—0.22 
— 0,08 
-ho. 07 
—0.07 
— 0.07 


38.47 
38.51 
38.53 
38.65 


Per  cent. 
— O.OI 
—O.OI 
—0.14 
— 0.10 
— 0.08 
+0.04 


Theory,  96.70%  iodine. 

Difference. 
Per  cent. 


Iodine  found. 
Per  cent. 


96.39 
96.62 

96.49 
96.57 
96.44 
96.52 


>.3I 
>.o8 

>.2I 

).I3 

>.26 

>.i8 


*  See  Rosanoff  and  Hill,  This  Journal,  29,  269  (1907).  In  the  analyses  reported 
in  the  present  paper  the  silver  halide  predpitates  were  invariably  filtered  off,  bromide 
4UKl  iodide  as  well  as  chloride. 
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pearance  of  a  faint  but  distinctly  perceptible  pink  color.  An  additional 
two  drops  of  the  thiocyanate  solution  should  make  the  color  quite  strong 
and  prove  that  the  true  end  point  had  been  attained. 

The  Handling  of  Liquid  Substances. — In  analyzing  liquids  we  used 
a  glass  tube  30  mm.  long  and  6  mm.  in  internal  diameter,  one  end  of  the 
tube  being  sealed  with  a  thickness  of  3-4  mm.  of  paraffin  wax.  Dtuing 
the  weighing,  the  tubelet  was  closed  with  a  cork,  which  was  removed 
immediately  before  tubelet  and  substance  were  introduced  into  the  alcohol 
in  the  Kjeldahl  flask. 

A  Qualitative  Test  for  Halogen. 

Our  uniform  success  with  the  method  described  above  suggested  its 
use  also  as  a  quaUtative  test  for  halogens  in  organic  compounds.  A  series 
of  trials,  using  /)-chlorobenzoic  acid,  (7-chlorophenol,  bromobenzene, 
bromonaphthalene,  and  iodoform,  showed  that  the  merest  traces  of  halogen 
can  be  positively  detected  by  the  following  simple  procedure: 

A  few  milligrams  of  the  given  substance  are  dissolved  in  one  cubic 
centimeter  of  ptu'e  absolute  alcohol;  a  few  small  bright  pieces  of  pure 
metallic  sodiuTn  are  thrown  into  the  solution,  one  at  a  time,  with  gentle 
warming  toward  the  end;  on  cooling,  the  solution  is  acidified  with  i  cc 
of  dilute  nitric  acid  (3  parts  of  water  to  i  part  of  acid),  and  filtered,  if 
necessary;  after  testing  the  acidity  of  the  solution,  10  drops  of  an  approxi- 
mately iV/15  silver  nitrate  solution  are  added.  A  parallel  blank  test  will 
of  course  make  the  result  surer. 

In  this  way,  for  instance,  we  plainly  detected  chlorine  in  i  drop  of  a 
liquid  produced  by  adding  a  single  drop  of  carbon  tetrachloride  to  30  cc. 
of  benzene.    In  the  same  case  the  Beilstein  test  gave  a  doubtful  result. 

P1TT8BUXO.  Pa. 


A  POSSIBLE  SOURCE  OF  ERROR  IN  COLORIMETER  OBSERVA- 
TIONS. 

Bv  J.  H.  Long. 
Received  December  27,  1915. 

Something  over  a  year  ago,  in  a  series  of  observations  just  started^ 
and  in  which  a  Duboscq  colorimeter  was  employed,  I  noticed  a  marked 
variation  from  an  anticipated  result.  The  instrument  had  been  in  use  for 
years  and  had  always  shown  a  correct  zero  point  when  the  bottom  of  the 
glass  cell  and  the  plunger  prism  were  brought  in  contact. 

The  standard  colored  liquid  was  in  the  left-hand  cell  and  the  one  under 
investigation  in  the  right.  The  observed  column  lengths  were  about  Bo 
and  loo.  (The  exact  values  are  not  recalled,  but  these  are  given  to 
illustrate  the  situation.)  The  concentration  of  the  uivestigated  liquid  was 
therefore  about  80%  of  the  other.  On  reversing  the  liquids,  that  is, 
putting  the  standard  in  the  right-hand  cell  and  adjusting  the  plunger  to 
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80  divisions  the  reading  on  the  left  was  found  to  be  about  91  divisions. 
This  made  the  apparent  strength  of  the  unknown  about  88%  of  the  standard 
strength. 

This  discrepancy  suggested  that  the  actual  lengths  of  the  Uquid  colunms 
must  be  different  from  those  read  off,  which  would  be  the  case  if  the 
plungers  had  dropped  from  their  normal  positions.  A  control  of  the  zero 
point  showed  this  to  be  the  fact;  one  plunger  had  dropped  about  three 
millimeters,  and  the  other  five,  or  six  and  ten  divisions,  respectively. 
The  column  lengths  first  observed  were  then  actually  74  and  90,  giving 
82,  in  place  of  80%  strength  as  the  relation  of  the  Uquid  to  the  standard. 

After  the  reversal  of  the  two  liquids  we  have  actually  on  the  right 
side  70  divisions,  against  85  on  the  left,  as  the  real  length  of  the  liquid 
columns,  which  gives  the  correct  relation.  The  sinking  of  the  prism  plung- 
ers had  shortened  the  two  columns  in  unequal  degrees,  giving  rise  to 
rather  large  errors.  The  prisms  seem  to  be  fastened  in  their  brass  sockets 
by  means  of  a  wax  which  is  too  soft  for  the  purpose  and  which  softens 
enough  in  oiu*  summer  climate  to  allow  the  prisms  to  drop  down  a  Uttle. 
The  situation  described  here  was  noticed  after  the  instrument  had  stood 
through  a  hot  summer  vacation  in  a  room  facing  the  south  and  west, 
the  temperature  in  which  often  reached  33**.  Experiment  showed  that 
at  this  temperature  the  wax  became  appreciably  softer,  and  soft  enough 
to  permit  the  slow  displacement  of  the  glass.  I  have  since  noticed  the 
same  defect  in  other  instruments  of  the  same  type.  Even  greater  errors 
are  possible  where  the  instrument  is  allowed  to  stand  near  a  radiator 
or  in  a  room  where  the  temperature  is  always  too  high  from  overheating 
by  steam.  The  prisms  may  even  drop  from  their  sockets  in  instruments 
left  in  this  way. 

If  both  prisms  should  drop  to  the  same  extent  the  error  might  be  smaller 
but  would  not  disappear.  Assume,  for  example,  that  with  the  standard 
hquid  in  one  cell  the  prism  is  set  to  give  a  depth  of  10  millimeters  in  the 
column  below.  Or,'  in  the  form  of  instrument  in  which  the  cell  and  not 
the  prism  is  moved,  the  former  is  brought  up  to  make  this  apparent 
length  of  liquid  column.'  In  the  other  cell  a  depth  of  12  millimeters  is 
necessary  to  give  the  same  shade.  The  concentrations  of  the  liquids 
would  then  appear  to  be  related  as  12  to  10.  If  both  prisms  had  dropped 
to  the  same  degree,  say  3  millimeters  each,  the  actual  lengths  of  the  liquid  • 
columns  would  be,  not  10  and  12,  but  7  and  9.  The  relation  of  these 
lengths  is  no  longer  the  same.  Great  errors  are  possible  where  short 
liquid  columns  are  employed,  and  with  unequal  displacement  of  the  prisms 
the  weaker  liquid  may  actually  appear  the  stronger.  For  example,  with 
an  apparent  depth  of  column  in  the  standard  cell  of  10  millimeters,  or 
divisions,  the  color  equality  in  the  other  cell  is  reached  with  a  depth  of  8 
millimeters,  or  divisions,  of  the  scale.     The  strength  of  the  imknown 
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liquid  would  then  appear  to  be  five-fourths  of  that  of  the  standard.  But 
if  the  prism  in  the  standard  cell  had  dropped  5  divisions,  and  the  other 
only  2,  for  example,  the  actual  lengths  of  columns  of  liquid  would  be 
5  and  6  divisions,  respectively,  with  the  unknown  having  then  a  strength 
five-sixths  of  that  of  the  other. 

In  the  well-known  creatinine  estimation,  where  relatively  long  columns 
are  employed,  such  large  errors  are  not  possible,  but  in  many  other  com- 
parisons, with  short  columns,  they  doubtless  actually  occur.  It  is  therefore 
desirable  to  control  the  zero  point  frequently  by  bringing  the  end  of  the 
prism  in  contact  with  the  bottom  of  the  cell  and  noting  that  the  reading 
is  at  the  end  or  zero  of  the  scale.  Care  should  be  taken  to  keep  the  in- 
strument away  from  the  vicinity  of  steam  radiators,  and,  in  general^ 
in  a  place  where  the  temperature  does  not  become  high  in  simamer. 

Others  may  have  had  similar  experiences  with  the  Duboscq  instnmient, 
but  as  I  have  not  seen  them  discussed  in  print  I  think  it  worth  while  to 
call  attention  to  the  facts  in  this  way. 

NosTBWKsniRN  Univsmsxty  Mm>zcAX,  School, 
CmcAoo,  III. 


[CONtRIBUTION  FROM  THB  LABORATORY  OF  THE  KKNTUCKY  AGRICULTURAL  EXPBRI- 

ifBNT  Station,  Lbxington,  Kentucky.] 

CHEMICAL  CHANGES  OCCURRING  DURING  THE  RIPENING 
OF  THE  WILD  GOOSE  PLUM.* 

By  J.  S.  McHAKOim. 
Received  January  17,  1916. 

The  beginning  of  the  study  of  chemical  changes  that  take  place  during 
the  ripening  of  fruits  dates  back  to  the  time  of  the  phlogiston  theory. 

Sennebier,*  after  experimenting  on  a  variety  of  fruits,  supposed  that 
they  suffered  a  loss  of  phlogiston  during  the  ripening  process. 

De  Saussure,'  about  1820,  carried  on  researches  on  the  ripening  of 
fruits  and  as  a  result  of  his  investigations  advanced  the  theory  that  fruits 
act  like  leaves  in  their  respiratory  functions.  The  fallacy  of  his  theory 
was  later  shown  by  Berard/  who  carried  on.  respiration  experiments 
on  fruits  in  vessels  containing  hydrogen,  nitrogen,  carbon  dioxide,  and 
in  vacuo.  In  all  cases  he  found  an  increase  of  carbon  dioxide  at  the  ex- 
pense of  the  oxygen,  and  in  no  case  the  reverse  change.  Similar  experi- 
ments were  tried  on  fruits  still  attached  to  the  tree,  with  the  result  that 
the  fniit  did  not  mature,  but  became  withered  and  browned,  showing 
that  oxygen  is  necessary  for  the  ripening  of  fruits.  Apparently  the  work 
^  Read  before  the  Lexington  Section  of  the  American  Chemical  Society,  January 
13.  1916. 

*  /.  phann.  ckim,,  [2]  7,  249  (182 1). 

*  "Recherches  Chemiques  sur  la  vegetation/'  Paris,  1840. 
*Ann,  chim.  phys.,  [2]  16,  152,  225  (1821). 
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of  Berard  affords  us  the  first  correct  conception  on  the  respiration  of 
fruits. 

The  amount  of  add  in  fruits  and  its  supposed  transformation  during 
ripening  has  been  the  subject  for  much  discussion  and  many  theories. 
Among  the  earlier  investigators  it  was  assumed  that  the  add  which  was 
present  in  the  unripe  condition  was  transformed  into  sugar  in  the  process 
of  ripening. 

In  1866  Pasteur^  cast  doubt  on  this  theory  by  showing  that  in  certain 
varieties  of  grapes  the  add  increased  rather  than  diminished. 

Kelley'  also  has  recently  shown  that  during  the  ripening  of  the  pine- 
apple the  amount  of  add  increases. 

In  a  review  of  the  literature  of  more  than  sixty  different  authors  on  this 
subject,  the  two  cases  dted  are  the  only  ones  in  which  an  increase  in  the 
acidity  during  the  ripening  is  recorded.  AH  other  investigations  per- 
taining to  addity  show  a  diminution. 

However,  a  recent  theory  has  been  advanced  which  accounts  for  the 
diminution  in  the  addity  during  the  ripening  period  by  asstuning  that  the 
add  undergoes  decomposition,  giving  rise  to  carbon  dioxide  and  water. 

Famintzin,'  in  187 1,  pubUshed  the  results  of  his  study  on  the  ripening 
of  grapes,  which  offers  the  first  satisfactory  explanation  on  the  sotux:e 
of  the  sugars  which  appear  ia  the  grape  on  ripening.  Chemical  ^d 
microscopical  methods  were  used.  He  states  that  the  unripe  grape 
contains  no  starch  but  that  the  stems  of  the  grape  are  full  of  starch,  which 
disappears  as  the  grapes  ripen.  , 

Hilger*  confirmed  the  work  of  Famintzin  and  showed  that  the  increase 
of  sugar  during  a  period  of  six  days  at  the  time  of  ripening  was  from 
3.87  to  7.70%  in  one  variety  and  from  5.33  to  7.71%  in  another,  during 
which  time  the  starch  in  the  stems  disappeared. 

Considerable  discussion  has  been  evolved  concerning  what  transforma- 
tions tannin  undergoes  during  the  ripening  process.  Certain  iavestigators 
have  asstuned  that  tannin  is  transformed  into  sugars;  others  daim  that  it 
undergoes  complete  decomposition  and  gives  rise  to  carbon  dioxide. 

Lloyd,*  in  a  recent  publication,  states  that  the  loss  of  astringency  in 
persimmons  dtuing  the  process  of  ripening  is  due  to  the  union  of  tannin 
with  an  assodated  colloid  of  a  carbohydrate  nattu'e. 

The  occturence  of  cane  sugar  in  fruits  has  been  noted  in  a  number  of 
instances;  however,  no  particular  significance  has  yet  been  attributed 
to  its  presence. 

The  above  remarks  review  briefly  some  of  the  more  important  theories 
^  "Weinlaube,"  1870,  p.  274;  also  Ann,  Oenal.,  a,  241  (1871). 

*  J.  Ind.  Eng.  Chem.,  3,  403-405  (191 1). 
»  Ann.  Oenal.,  2,  242  (187 1), 

*  Landw,  Vers.-StaL,  17,  245  (1874). 

»  Science  (N,  S,),  34,  924-928  (191 1). 
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concerning  the  transfonnations  and  changes  taking  place  during  the 
maturation  and  ripening  of  fruits  in  general. 

Rather  late  in  the  season  of  191 5  the  writer's  attention  was  called  by 
the  director  of  this  Experiment  Station  to  the  changes  taking  place  in 
the  ripening  of  the  wild  goose  pltmi,  and  a  preliminary  investigation  was 
suggested,  the  object  of  which  was  to  trace  some  of  the  changes  taking 
place  in  the  later  stages  of  maturation. 

The  wild  goose  plum  {Hortulana)  is  native  to  North  America  and 
apparently  thrives  best  in  the  central  and  southwest  portions  of  the 
United  States.  The  term  "wild  goose"  is  of  comparatively  recent  origin^ 
and  according  to  Hedrick^  it  received  the  name  as  follows: 

About  the  year  1850,  a  farmer  who  lived  in  the  vicinity  of  Columbia, 
Tennessee,  fired  into  a  flock  of  wild  geese  that  was  passing  over  his  farm 
and  succeeded  in  bringing  down  a  goose.  In  dressing  the  fowl  a  plum 
seed  was  found  in  its  craw,  which  was  planted  with  some  care.  In  the 
following  spring  a  young  plant  came  up  from  the  seed,  which  in  due  course 
of  time  produced  a  tree  and  bore  a  fruit,  which  excelled  in  many  respects 
any  variety  of  plum  that  had  ever  been  known  to  grow  in  that  vicinity. 
Naturally  the  new  fruit  was  called  the  wild  goose  pltun. 

This  variety  of  plum  is  well  adapted  to  the  dimatic  conditions  of  Ken- 
tucky and  because  of  its  sweet  taste  and  large  size  it  has  become  a  favorite 
with  many  fruit  growers  in  this  state. 

The  fruit  reaches  maturity  in  the  latter  part  of  July,  and  in  its  last 
stages  <rf  maturation  passes  rather  rapidly  through  three  stages  of  ripen- 
ing, which  are  apparent  to  both  the  sense  of  sight  and  to  taste. 

As  the  fruit  approaches  maturity  its  color  changes  from  a  green  to  a 
slightly  yellowish  hue,  and  is  more  or  less  translucent  in  appearance. 
At  this  stage  the  fruit  is  sharply  acid  and  somewhat  astringent  to  the 
taste.  In  the  course  of  from  two  to  three  days'  time  the  fniit  has  changed 
from  the  yellowish  hue  to  a  bright  pink  color.  The  fruit  at  this  stage  is 
quite  juicy  and  sweet  to  the  taste,  apparently  all  acidity  and  astringency 
having  disappeared.  It  was  also  observed  that  at  this  stage  many  of  the 
plums  split  or  burst  their  skin.  Usually  the  split  was  vertical  rather  than 
horizontal  to  the  normal  position  of  the  plum.  This  bursting  is  quite 
pronounced  in  this  variety  of  plum  and  has  also  been  observed  in  other 
fruits  and  is  in  all  probability  due  to  internal  pressure  developed  from 
chemical  changes  occurring  during  the  ripening  process. 

After  the  plums  have  reached  the  pink  or  just-ripe  stage,  the  color 
changes,  after  about  48.  hours,  to  a  dark  red.  The  fruit  at  this  stage  has 
lost  some  of  its  juicy  nature  and  the  taste  is  decidedly  less  sweet. 

Samples  representing  the  fruit  in  the  first  and  second  stages  of  ripeness 
were  collected  from  the  tree  and  the  sample  for  the  third  stage  was  ob- 
i  "The  Plums  of  New  York,"  p.  378. 
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tained  by  allowing  some  of  the  fruit  gathered  from  the  tree  at  the  second 
stage  erf  ripening  to  pass  into  the  third,  or  overripe  stage,  under  normal 
conditions.  Determinations  of  acidity,  reducing  sugar  and  cane  sugar 
were  made  on  samples  of  the  fruit  at  each  of  the  three  differed  stages 
of  ripeness.  Tests  were  also  made  at  each  of  these  stages  for  tamuQ. 
None  was  present  as  shown  by  the  ferric  chlorid  test. 

Table  I  shows  the  aven^  of  three  determinations  in  each  of  the. three 
di£ferent  stages  of  ripening:  , , 

Table  I. — ^owmo  Somb  of  the  Chswcai,  Changes  OccinuuNO  in  tbs  Rxf^jninq 

OF  THE  Wn4>  Goose  Flvm, 

Acidity  in 
terms  of  cc.  Reduciiif  Cane  Total 

Different  stages  0.1  N  NaOH  per  sugar.  sugar.  sugars. 

of  ripening.  g.  of  plum.  In  per  cent.  In  per  cent.  In  per  cei(it. 

Unripe  or  beginning  to  turn  yellow    3.08  5.82  0.40  6.22     •• 

3.12  S.S9  0.20  6.09. 

3. 19  6.04  0.65  6.69 

Average 3.13  5.91  0.41  6.33 

Ripe  or  sweet  stage 2.62  6.90  3.60  10.50 

2.74  6.74  3.54  10. 2« 

2.72  6.93  3.70  10.63 

Average 2.69  6.85  3.61  10.47 

Overripe  stage 2.33  9.17  0.61  9.78 

2.46  9.29  0.64  9.93 

2.40  9.02  0.46  9.48 

Average 2.40  9.16  0.57  9.73 

Prom  the  foregoing  table  it  is  apparent  that  some  very  marked  and 
interesting  changes  take  place  in  the  acidity  and  in  the  amount  of  the 
reducing  and  cane  sugars  formed  during  the  process  of  ripening  of  this 
plum.  In  the  first  place  there  is  a  decided  loss  in  the  acidity  in  passing 
from  the  first  stage  of  ripening  to  the  just-ripe  stage.  This  loss  is  14.05% 
of  the  acid  fotmd  in  the  unripe  stage.  In  passing  from  the  ripe  to  the  over- 
ripe condition  there  is  a  loss  of  10.78%,  which  is  3.27%  less  than  the  loss 
in  passing  from  the  unripe  to  the  ripe  stage.  The  total  loss  in  the  acidity 
in  passing  from  the  unripe  to  the  overripe  stage  was  23.32%  of  the  acidity 
present  in  the  unripe  condition. 

It  is  also  interesting  to  note  that  as  the  acidity  decreased  there  was  a 
gradual  increase  in  the  amoimt  of  reducing  sugar  formed  in  each  of  the 
different  stages  of  ripening.  In  passing  from  the  unripe  to  the  ripe  stage 
there  was  an  increase  of  15.90%  of  reducing  sugar  formed,  and  in  passing 
from  the  ripe  to  the  overripe  stage  an  increase  of  33.72%  and  a  total  in- 
crease of  54.99%  in  passing  from  the  unripe  to  the  overripe  stage. 

The  point  of  most  interest  in  this  investigation  is  the  rapid  formation 
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of  cane  sugar  in  passing  from  the  unripe  to  the  ripe  condition  and  its 
subsequent  inversion  in  passing  from  the  ripe  to  the  overripe  condition. 
In  the  tmripe  stage  we  have  less  than  0.5%  of  cane  sugar  present,  whereas 
in  the  ripe  stage  we  have  as  much  as  3.61%  of  cane  sugar.  The  cane 
sugar  is  quiddy  inverted  and  we  have  only  a  Uttle  more  than  0.5%  of 
cane  sugar  in  the  overripe  stage. 

Prom  the  results  obtained  in  this  investigation  the  following  conclusions 
may  be  drawn : 

.  First,  that  there  is  a  gradual  diminution  in  the  acidity  of  this  fruit 
during  the  ripening  period  and  at  the  same  time  there  is  a  more  pronounced 
increase  in  the  amount  of  reducing  sugar  formed. 

Second,  the  greatest  increase  in  total  sugars  occurred  in  passing  from 
the  unripe  to  the  ripe  condition. 

Third,  that  cane  sugar  plays  a  very  important  part  in  the  ripening 
of  this  fruit,  and  the  idea  is  suggested  that  a  fruit  is  just  ripe  when  it 
contains  the  maximum  amount  of  cane  sugar. 

Fourth,  that  this  fruit  contains  the  enz)mie  invertase,  which  is  most 
active  in  passing  from  the  ripe  to  the  overripe  stage. 

LsxiNOTON,  Ky. 
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THE  INFLUENCE  OF  CERTAIN  SUBSTANCES  ON  THE  ACTIVITY 

OF  INVERTASE. 

By  Bdwasd  G.  GRipyxN  and  J.  M.  Nslsom. 
Received  December  20.  1915. 

Effect  of  Glass  Beads. — Beard  and  Cramer^  have  shown  that  ^ass 
beads  have  an  inhibiting  influence  on  the  activity  of  lipase,  diastase  and 
invertase,  and  claim  that  this  is  due  to  the'  alteration  in  the  concentrations, 
produced  by  altering  the  surface  energy  at  the  larger  surface  of  the  glass 
beads.  They  found  that  the  effect  increased  with  the  time  and  also  with 
the  temperattu-e,  and  that  a  part  but  not  all  of  the  activity  was  regained 
when  the  beads  were  removed. 

As  glass  is  appreciably  soluble  in  water  and  gives  to  it  an  alkaline 
reaction,  it  seems  probable  that  these  results  were  due  to  a  change  in  the 
hydrogen-ion  concentration  rather  than  to  the  surface  of  the  beads.  The 
following  experiments  serve  to  confirm  this  view: 

Portions  of  50  cc.  of  a  10%  cane-sugar  solution  with  i  cc,  of  invertase 
solution,  were  placed  in  Non-sol  glass  bottles  with  varying  amounts  of 
glass  beads,  and  the  inversion  allowed  to  take  place. 

Grams  of  glass  beads 0.0  25  50  100 

Conc.ofH+ io-*»  io"*»  io"^«  io"^» 

Change  in  rotation  in  £4  hrs 0.34®  o.ii®  o.o6*  0.02* 

1  Proc,  Roy.  Soc„  (B)  88,  575  (9115). 
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The  hydrogeo^on  concentration  was  determined  by  suitable  indicators. 
It  will  be  noticed  that  the  hydrogen-ion  concentration  decreases  as  the 
amount  of  the  glass  beads  increases.  As  Sorensen,^  Pales  and  Nelson' 
and  others  have  shown,  that  the  optimum  for  invertase  for  these  con- 
ditions is  H+  =  io~"***,  and  that  the  activity  is  very  small  at  H"*"  =  lo*"*, 
it  seems  dear  that  the  alkalinity  from  the  glass  beads  is  the  cause  of  the 
efiFect  produced. 

The  following  results  with  the  scdutions  containing  50  cc.  of  a  30% 
cane-sugar  solution,  lo  cc.  of  invertase  solution  and  50  cc.  of  one  of  S5ren- 
sen's  ''buffer  solutions"  confirm  this  view: 

Tabim  I. 

Changet  in  rotation. 
Grams  of    Tempera-  .  ^  *  * 

glass  beads.       lure.  'b    .  24  hrs.  48  brs.  72  hrs. 

A* ICO  37  4.9  1.82*  3-91*  5.03* 

C* 100  37  4.9  iSo**  3.88®  5.10* 

B« N*  37  6.7  i.a3'  2.32*  3.14** 

D* ...  37  6.7  1.22*  2.31*  3.25® 

B* 100  20  6.0  0.98®              ...  

F* 20  6.0  1.07** 

In  E  and  P  a  weaker  invertase  solution  was  used. 

pji^  is  Sorensen's  symbol  for  expressing  the  concentration  of  the  hydrogen 
ion.  The  values  are  the  negative  exponents  to  which  the  number  lo  must 
be  raised  in  order  to  equal  the  given  concentration.  Thus  ^h*^  ^  4*5 
means  that  the  hydrogcin-ion  concentration  is  equal  to  lo""**  =  0.06003 
mols  hydrogen  ion  per  liter. 

These  experiments  show  that  the  glass  beads  produce  no  effect  either 
at  20®  or  37^  when  the  hydrogen-ion  concentration  is  kept  constant  by 
means  of  the  "buffer  solutions." 

After  the  work  described  was  completed,  the  attention  of  the  authors 
was  called  to  a  statement  of  Armstrong  and  Armstrong^  in  which  they 
suggest  that  the  effect  of  the  glass  beads  is  probably  due  to  the  solubility 
of  the  glass.  Since  they  made  no  measurements  and  Beard  and  Cramer 
still  insist  on  their  original  conclusions,*  it  seems  worth  while  to  publish 
these  results. 

Effect  of  Senuh  and  Egg  Albumin  on  the  Acthrity.^-— Eriksson^  found 
that  serum  neutralized  with  very  dilute  hydrochloric  add  inhibited  the 
activity  of  invertase,  and  the  extent  of  this  effect  was  dependent  on  the 
order  of  mixing  of  the  substrate,  enzyme  and  inhibitor,  and  also  on  the 

*  Biochem.  Zeit,,  21,  131  (1909). 

•  Tms  JotJftKAX,,  37,  2786  (1915). 

'  Buffer  solution,  sodium  citrate  and  hydrochloric  add. 

^  Buffer  solution,  primary  and  secondary  phosphate  mixture. 

•  Nature,  95,  425  (1915). 
•iWtf.,95>  561  (1915). 

*  Z,  physid.  Ckem.,  7a»  334  (191 1). 
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len^  of  time  of  contact  of  the  enzyme  and  inhibitor  before  addition  to 
the  substrate.  The  addition  of  acid  lowered  this  inhibiting  effect.  Hedin^ 
noted  that  serum  and  egg  albumin  had  a  similar  effect  on  the  activity 
of  rennet.  Both  Eriksson  and  Hedin  attribute  this  retarding  influence 
to  the  enzyme  combining  with  the  inhibitor  in  an  * 'irreversible  or  slightly 
reversible"  way,  thereby  causing  the  enzyme  to  become  inactive. 

A  series  of  experiments,  similar  to  those  of  Eriksson,  was  undertaken 
in  which  the  particular  hydrogen-ion  concentration  of  each  solution  was 
determined,  and  the  results  obtained  showed  that  when  the  latter  was  kept 
constant,  no  retardation  occurred. 

Tabls  II. 

Solutions  used. 


Cc.  10%  cane- 
suf  ar  sols. 


AK 
B». 
C. 
D.. 
E.. 
P.. 
G.. 
H.. 

p.. 
K». 


Solution. 


80 
80 
80 
80 
50 
50 
50 
50 
80 
80 
80 

A. 

8.2 


Cc.  tnvcr- 
Use  soln. 

5 
5 
5 
5 

2 
2 
2 
2 
5 
5 
5 


Cc.  Mrum 
soln. 


10 
ZO 


Cc. 


Cc.  buffer 


water. 
5 


10^ 

5 
5 


15 

3. 

5 
15 

5 

10' 
10 


15* 


io» 


15* 


Cc.  0.1  M 
HCl  soln. 


1.5 


B. 

8.2 


i'K      

Change    in    rotation 
in24hrs 1.37*1.38" 


TablB  III. 
c.  D.  J. 
8.2      5.9      8.1 


8.1 


8.1 


E. 
4.3 


F. 
4-3 


G. 

5.9 


H. 
8.1 


1.36*  2.19**  1.56**  1.48**  1.47**  1.74*'  1.77**  1.35"  0.53* 


In  comparing  the  behavior  of  Solutions  A  and  B  with  that  of  C  in  Table 
III,  it  becomes  evident  that  the  serum  has  no  inhibiting  influence  on  the 
rate  of  inversion.  The  values  for  D  show  that  the  hydrogen-ion  concentra- 
tion in  the  control  solution  must  be  the  same  as  that  of  the  serum  solutions, 
if  comparable  results  are  to  be  obtained.  The  apparent  retardation  ob- 
served in  contrasting  the  values  of  A  and  B  with  that  of  D  is  therefore 
not  due  to  any  influence  of  the  serum  except  in  so  far  as  the  serum  causes 
the  solution  to  become  more  alkaline.  Eriksson  was  aware  of  the  tendency 
of  the  serum  to  cause  the  solution  to  become  alkaline,  and  that  a  change 

*  Z.  physiol.  Chem.,  60,  85,  364  (1909). 

*  The  invertase  and  serum  were  mixed  and  allowed  to  stand  for  one  hour  at  37^ 
before  adding  the  rest  of  the  solution. 

*  All  parts  of  the  solution  were  mixed  at  once. 

*  Phosphate  mixture. 

*  Citrate  and  hydrochloric  add. 

*  A  25%  aqueous  serum  solution. 
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in  the  add  or  alkaline  condition  of  the  solution  influenced  the  activity 
of  the  enzyme.  In  order  to  avoid  this  source  of  error  in  his  measurements 
of  the  retardation,  he  neutralized  the  serum  with  hydrochloric  add,  but 
apparently  he  did  not  neutralize  to  any  particular  hydrogen-ion  concentra- 
tion,  nor  did  he  bring  the  hydrogen-ion  concentration  of  the  control 
solution  to  the  same  value  as  that  of  the  serum  solution.  He  also  states 
that  as  the  serum  is  neutralized,  the  inhibiting  influence  of  the  serum 
diminishes,  .but  is  not  completely  destroyed  as  observed  by  Hedin  in 
the  case  of  some  other  enz3anes.  The  values  from  Solutions  B,  P  and  H 
show  that  when  the  serum  is  neutralized  with  hydrochloric  add  as  in  the 
case  of  £,  the  lowering  of  the  inhibiting  eflfect  is  only  a  question  of  the 
relative  hydrogen-ion  concentrations.  The  value  from  G  shows  further 
that  the  serum  in  E  has  an  accderating  effect  instead  of  a  retarding  one, 
due  to  the  value  of  ^h"^  being  4.3,  which  is  doser  to  the  optimum  hydrogen- 
ion  concentration  for  invertase  than  the  value  of  pn"^  in  G,  which  is  5.9. 
The  values  obtained  from  Solutions  A  and  B,  where  the  order  of  mixing 
of  the  serum,  cane  sugar,  and  invertase  was  varied,  are  the  same,  therefore 
nullif3ring  this  contention  of  Eriksson.  Upon  comparing  the  values  of 
J,  K  and  L  with  those  of  A  and  B,  it  is  to  be  noted  that  the  amount  of 
serum  used  has  no  effect.  Similar  results  were  obtained  when  egg  albumin 
was  used  in  place  of  serum,  as  will  be  noticed  from  the  results  obtained 
in  the  series  of  experiments  shown  in  Table  IV. 

Tablb  IV. 
The  solutions  used  all  contained  besides  80  cc.  of  10%  cane-sugar  solution  and  5 
cc.  of  invertase  solution,  the  following  amounts  of: 

Cc.  egg       Cc.     Cc.  buffer   Cc.  0.1  Cc.  egg        Cc.     Cc.  buffer    Cc.  0.1 

albttmin.    water.       aoln.      M  HCl.  albumin,     water,      lolii.       M  HCl. 

A I  14  H 57.3 

B 5            10                                       1 5             4  . .  6 

C IS            J 5             2  ..  8 

D I5»                        K I5» 

E 15'         ..           L 15' 

F 15^         ..      .     M I5» 

G 15 

Tabls  V. 

Solution.  A.        D.         B.        E.         C.         F.        G.         H.        K.        I.  h.         J.         M. 

^H^ 9.0      9.0      9.3      9.3      9.5      9.5      5-8      6.5      6.5      4.3      4-3      3.7      3.7 

Change  in  ro- 
tation, 3  hrs.  0.6 1*^0.55**  0.36®  0.3  7^0.01®  0.00®  2. 35® 

Change  In  ro- 

tation,  6  hrs 4.58*4.62®  10.3®  10.3®  9.67®  9.69® 

The  amount  of  inversion  in  Solutions  A,  B,  C  and  G,  shown  in  Table  V, 
indicate  an  apparent  retardation  of  the  activity  of  the  invertase  by  the 

^  Sodium  borate  and  sodium  hydroxide. 

*  Phosphate  mixture. 

*  Sodium  citrate  and  hydrochloric  acid. 
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increasing  amounts  of  egg  albumin  in  the  solution.  The  results  from 
D,  E  and  F,  however,  show  that  this  retardation  is  due  to  the  change 
in  hydrogen-ion  concentration  of  the  solutions  caused  by  the  egg  albumin, 
and  that  the  presence  of  the  latter  has  nothing  to  do  with  the  rate  of  in- 
version. The  results  from  H,  I,  J,  K,  L  and  M  show  that  neutralizing 
the  egg  albumin  with  dilute  hydrochloric  add  has  no  effect  outside  of 
changing  the  hydrogen-ion  concentration. 

In  order  to  see  whether  any  different  effect  occiured  when  the  egg 
albumin  was  allowed  to  remain  in  contact  with  the  invertase  for  some  time 
before  it  was  added  to  the  substrate  as  claimed  by  Hedin  in  the  case  of 
rennet,  the  following  experiments  were  undertaken. 

Three  solutions  were  used  for  this  purpose: 

A.  15  cc.  of  a  solution  (prepared  by  beating  together  30  cc.  of  egg 
albumin  and  33  cc.  of  a  o.  i  M  solution  of  hydrochloric  acid  and  then  making 
up  to  100  cc.  with  water)  and  5  cc.  of  an  invertase  solution  were  allowed 
to  stand  for  i  hour  and  then  added  to  80  cc.  of  a  10%  cane-sugar  solution. 

B.  The  same  amounts  of  egg  albumin,  invertase,  and  cane-sugar 
solutions,  all  were  mixed  at  once. 

C.  15  cc.  of  a  solution  containing  enough  of  a  mixture  of  sodium 
citrate  and  hydrochloric  add  to  give  the  same  hydrogen-ion  concentration 
as  that  of  A  and  B,  were  added  to  80  cc.  of  the  cane-sugar  solution  and 
5  cc.  invertase. 

Table  VI. 

Solution.  A.  B.  C. 

^h"*" 4.5  4.5  4.5 

Change  in  rotation  in  2 .5  hrs.  10. 38 **  10 . 34 *  10 . 33  ** 

The  results  show  that  in  the  case  of  invertase  at  least,  it  makes  no 
difference  whether  or  not  the  enzyme  and  the  tgg  albumin  are  allowed 
to  remain  in  contact  for  some  time  before  being  added  to  the  substrate. 

Effect  of  Charcoal  on  the  Activity  of  Invertase. — Eriksson^  also  found 
in  stud3dng  the  influence  of  animal  charcoal  on  the  activity  of  invertase 
that  it  too,  like  serum  and  egg  albumin,  had  an  inhibiting  effect,  which  was 
greater  when  the  charcoal  and  invertase  were  mixed  and  allowed  to  stand 
in  contact  for  some  time  before  being  added  to  the  cane-sugar  solution, 
than  when  all  three,  enzyme,  inhibitor,  and  substrate,  were  mixed  at  once. 

The  experiments  of  Eriksson  were  repeated  and  the  results  obtained 
(Table  VII)  showed  that  in  this  case  also  it  was  only  a  question  of  hydrogen- 
ion  concentration. 

The  values  of  pn"^  for  Solutions  A  and  C,  the  latter  especially,  when 

compared  with  that  of  Solution  E,  show  that  the  presence  of  charcoal 

does  effect  the  hydrogen-ion  concentration  of  the  solution.    When  buffer 

was  added  to  Solution  E  as  in  Solutions  B  and  D,  so  that  pii^  was  of 

^  Loc,  cU, 
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the  same  value  as  that  of  Solutions  A  and  C,  respectively,  then  the  activity 
of  the  invertase  was  the  same  as  can  be  seen  by  comparing  the  values  of 
A  with  B.  and  C  with  D.  The  inhibiting  effect  of  charcoal  must,  therefore, 
be  attributed  to  a  change  in  the  hydrogen-ion  concentration.  The  values 
from  Solutions  F,  G,  H,  and  I  and  their  controls  show  that  the  same 
holds  true  for  charcoal  at  different  concentrations  of  hydrogen  ion  as  long 
as  />h"*"  is  of  the  same  value  as  that  of  the  control  solution.  Several 
different  charcoals  were  used  and  the  results  obtained,  all  agreed  with  those 
found  in  the  case  of  the  above  solutions  and  therefore  have  been  omitted 
in  the  table. 

Table  VII. 
The  solutions  used  contained,  besides  80  cc.  of  10%  cane-sugar  solution  and  10  cc. 
of  an  invertase  solution,  also  the  following : 

Gram  charcoal.        Cc.  buffer  solution.  Cc.  water. 

A» 0.2*  ..  10 

B 10 

C» 0.2»  10 

D 10 

E ..  10 

F* 0.2*  10 

G* 0.2'  10 

H* 0.2*  10 

I* 0.2*  lo 

J 10 

K 10 

L 10 

M 10 

J,  K,  L  and  M  were  controls  for  F,  G,  H  and  I. 
Solutions  F-M,  inclusive,  contained  stronger  invertase. 

Tablb  VIII. 
Solution.     A.        B.        C.        D.        B.        P.         J.  O.  K.  H.  L.        I.         M. 

Ph"^ 6.0      6.0      6.7      6.7      5.9      3.1      3.1         4.1         4.1         4.8        4.8      7.1       7.1 

Change  in  rotation,  in  5  hrs. 

2.5o*2.48**2.o8*2.ii"2.54**9.54*'9.55*' 10.47**  10.48*' 10.57*"  10.56**  6.97'6.95' 

In  measuring  the  amotmt  of  inversion  of  the  cane  sugar  in  the  above 
experiments,  the  bottle  containing  the  reaction  mixtures  was  thoroughly 
shaken  and  a  sample  removed,  treated  with  sodium  carbonate  solution, 
and  then  read  in  the  polariscope.  The  amount  of  cane  sugar  and  invert 
sugar  held  back  by  this  small  amount  of  charcoal  was  not  sufficient  to 
make  any  appreciable  difiFerence  in  the  readings.  When  larger  amounts 
of  charcoal  were  used,  the  adsorption  of  the  sugar  became  noticeable  and 
therefore  the  effect  could  not  be  meastu-ed  satisfactorily. 

^  Finely  powdered  animal  charcoal  of  a  very  good  adsorbing  power. 

*  Finely  powdered  animal  charcoal  ordinarily  used  in  the  organic  laboratory. 

*  The  charcoal  and  invertase  were  mixed  first  and  allowed  to  stand  for  i  hour 
before  adding  the  rest  of  the  solution. 

*  All  parts  of  the  solution  were  mixed  at  once. 
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The  following  experiments  (Table  IX)  will  illustrate  this  point.  Three 
mixtures  of  charcoal,  cane  sugar  and  water  were  prepared  by  allowing 
2,  5  and  lo  g.  of  finely  powdered  animal  charcoal  to  stand  in  contact  with 
loo  cc.  of  cane-sugar  solution  for  i8  hours  with  occasional  shaking. 
Sixty  cc.  portions  of  each  of  these  mixtures  were  added  to  solutions  con- 
sisting of  lo  cc.  of  primary  potassium  phosphate  and  lo  cc.  of  invertase 
solution  and  marked  A,  B  and  C,  corresponding  respectively  to  the  2, 
5  and  10  g.  of  charcoal. 

Tablb  IX. 

Change  in  rotation  after 

,  , . ^ 

Solution.  'n   •  0  hours.  24  houn. 

A 4.9  0.05**  1.63* 

B 5.0  O.IO®  1.40* 

C 5.0  0.24^  1.34* 

The  changes  in  rotation  indicated  in  the  o  hours  column  are  very  likely 
due  to  the  removal  of  some  of  the  cane  sugar  by  the  charcoal  during  the 
18  hours  in  which  they  remained  in  contact  before  the  invertase  was  ' 
added.  The  values  in  the  24  hours  column  seem  to  indicate  that  in  this 
Oase  also  some  sugar  might  have  been  taken  up  by  the  charcoal,  otherwise 
they  ought  to  have  been  practically  the  same.  No  evidence  for  the 
presence  of  invert  sugar  in  any  of  the  above  solutions  after  standing  for 
18  hours  and  before  adding  the  invertase,  could  be  detected  by  means 
of  an  alkaline  copper  solution. 

MichaeUs  and  Ehrenreich^  found  that  invertase  was  adsorbed  by  rela- 
tively large  amounts  of  charcoal,  and  although  the  filtrate  from  the  char- 
coal and  invertase  solution  showed  no  presence  of  invertase,  the  unfiltered 
mixture  was  still  active. 

Results  obtained  in  this  laboratory  confirm  those  of  Michaelis  and  Ehren- 
reich.  It  was  fotmd  also  that  if  small  enough  quantities  of  charcoal 
were  employed,  so  that  the  effect  of  the  charcoal  on  the  concentration  of 
the  sugar  was  very  small,  thereby  permitting  the  measurement  of  the 
amount  of  inversion,  the  activity  of  the  invertase  was  unaffected  by 
the  charcoal. 

The  Effect  of  Aluminium  Hydroxide  on  the  Activity. — Michaelis  and 
Ehrenreich  also  found  invertase  to  be  adsorbed,  at  least  partially,  by 
gelatinous  aluminium  hydroxide.  Welker  and  Marshall^  have  made 
similar  observations  in  the  case  of  other  enzymes.  They  failed,  however, 
to  indicate  the  particular  hydrogen-ion  concentration  of  the  solutions 
employed.  The  question  therefore  arises  as  to  whether  the  hydrogen-ion 
concentration  of  their  solutions  might  not  have  been  responsible  for  some 
of  this  change  in  activity.     In  order  to  settle  this  point,  their  work  was 

*  Biochem.  Z.,  10,  294  (1908). 

*  This  Journal,  35»  82:?  (i9U). 
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repeated.  It  was  found  that  aluminium  hydroxide  does  remove  invertase 
completely  from  its  solution.  If,  however,  the  invertase  is  allowed  to 
act  on  cane  sugar,  in  the  presence  of  aluminium  hydroxide,  just  as  in  the 
case  of  small  amounts  of  charcoal,  it  apparently  has  no  effect  on  the  activity 
of  the  enzyme,  as  will  be  observed  from  the  following  set  of  experiments: 
Twenty  cc.  of  freshly  precipitated  aluminium  hydroxide,  washed  free 
from  chlorides  and  ammonia  and  containing  aluminium  equivalent  to 
0.083  g«  of  aluminium  oxide,  were  mixed  with  20  cc.  of  invertase  solution 
and  filtered. 

A.  Twenty  cc.  of  this  filtrate  were  added  to  25  cc.  of  a  10%  cane-sugar 
solution. 

B.  T^s  solution  consisted  of  10  cc.  of  invertase  solution,  10  cc.  of  the 
above  aluminium  hydroxide  and  25  cc.  of  the  cane-sugar  solution. 

C.  A  control  solution  consisting  of  lo  cc.  of  a  solution  of  phosphates 
necessary  to  give  the  proper  hydrogen-ion  concentration,  10  cc.  of  invertase 
solution  and  25  cc.  of  cane-sugar  solution. 

Tablb  X. 

Change  in  rotation  after 
Solution.  ^B   •  1  hour.  3  hourt.  4  liours. 

A 6.3  0,00*  O.OI*  O.OO* 

B..' 6.3  i.oS*  3.43*  2.83** 

C 6.3  1.07"*  2.40*'  2.80** 

Experimental  Part. 

The  hydrogen-ion  concentrations  were  determined  by  the  electromotive 
force  method  described  by  Pales  and  Nelson,^  except  where  otherwise 
stated.  In  case  there  was  any  possibility  of  a  change  in  the  hydrogen-ion 
concentration  during  the  time  of  inversion,  the  values  of  ^h"^  were  de- 
termined at  the  beginning  and  end  of  the  inversion. 

The  indicator  method  outlined  by  Sdrensen  proved  inapplicable  in 
the  case  of  solutions  containing  colloids  as  serum  and  albumin.  The  values 
for  P11+  obtained  by  means  of  indicators  are  compared  with  those  from 
the  electromotive-force  method  in  Table  XI. 

Tabls  XI. 

Value  of  pj^  by  the  two  methods. 
II.  III. I,  -*  1^ 

«i-Naphthylamino-aso-       Methyl 
Solution  benxene  sulphonate.         orange.  B>  M.  P. 

and  3.5  CC  add 4.7  3-4  3-o 

and  2.5  cc.  add 5.1  3.8  3.4 

and  1.8  cc.  add 5.3  4.4  4.0 

Control  solution 

and  0.8  CC  add 3.0  3.0 

and  0.4  cc  add 3.4  3.4 

and  0.1  oc.  add 4.0  4.0  4.0 

^Loc.cU. 
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Five  cc.  containing  varying-  numbers  of  cc.  of  o.i  M  hydrochloric  acid 
and  the  rest  water,  were  added  to  a  solution  consisting  of  lo  cc.  of  a  25% 
serum,  and  50  cc.  of  a  10%  cane-sugar  solution.  The  control  solution 
differed  from  this  by  having  the  same  volume  of  water  in  place  of  the 
10  cc.  of  serum  solution. 

All  the  inversions  took  place  in  Non-sol  glass  bottles  at  37  ^  unless 
otherwise  stated.    The  solutions  were  always  preserved  with  toluene. 

The  invertase  was  obtained  from  yeast  by  the  method  of  Nelson  and 
Bom.^  The  enzyme  and  substrate  solutions  were  always  warmed  to 
37^  before  mixing.  The  enzyine  activity  was  stopped,  and  mutarotation 
efifect  due  to  the  invert  sugar  was  overcome  by  means  of  sodium  carbonate 
as  recommended  by  Hudson,'  except  in  the  case  of  solutions  containing 
serum  or  egg  albumin.  When  the  latter  were  present,  it  was  not  necessary 
to  add  the  sodium  carbonate,  since  the  reagent  added  to  remove  the  protein 
seemed  to  have  the  same  effect. 

The  serum  and  egg  albumin  in  most  cases  were  removed  from  the 
solutions  before  the  latter  were  examined  in  the  polariscope,  by  a  slight 
modification  of  the  method  suggested  by  Kumagai.'  Ten  cc.  of  the 
solutions  were  introduced  into  a  150  cc.  Erlenmeyer  flask  containing  18  cc 
of  a  10%  soditun  acetate  solution.  Two  cc.  of  a  ferric  chloride  solution 
were  then  added  and  the  mixture  heated  on  the  water  bath  for  six  minutes 
and  filtered  hot.  The  clear  filtrate  was  allowed  to  cool  and  its  rotation 
determined. 

The  serum  used  in  these  experiments  was  prepared  by  centrifu|^g 
fresh,  defibrinated  sheep's  blood. 
N«w  Yom:.  n.  y. 
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A  Text-book  of  Inorganic  Chemistiy.  Edited  by  J.  Nswton  Puknd.  Vol.  VIII. 
The  Halogens  and  Their  Ames.  By  GBonntVY  MARTm  and  E.  A.  Dancastsr. 
Pp.  xviii  +  337.    Philadelphia:  Lippincott,  191 5.    Price,  (3.00. 

In  order  of  publication,  this  is  the  second  volume  of  the  nine  into  which 
this  text-book  is  divided  (for  review  of  Vol.  I,  see  This  Journal,  37, 
1641  (1915)).  In  many  ways,  the  high  standard  of  the  first  volume  is 
maintained.  After  a  concise  introduction,  the  halogens  and  manganese* 
and  their  compounds  with  the  nonmetallic  elements,  axe  described. 
Numerous  references  to  the  literature  are  given.  Manufacturing  processes 
are  discussed  in  detail,  with  figures  of  the  plant  used.  The  familiar  lee* 
ture  experiments  are  also  fully  described,  and  are  illustrated  by  cuts. 
Numerical  data  are  abundant  and  appear  as  a  rule  to  be  judiciously  se- 

1  Tms  JouRNAi,,  36,  393  (1914)- 

•  Ihid.,  30,  1564  (1908). 

»  Biochem.  Z.,  57,  380  (1913)- 
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lected  as  well  as  complete.  In  this  volume,  however,  the  high  standard 
of  accuracy,  completeness,  theoretical  knowledge,  and  sound  chemical 
sense,  attained  in  the  first  volume,  is  by  no  means  maintained.  Thus 
sulfuric  add  is  reduced  by  hydrogen  iodide  to  sulfur  dioxide  instead  of 
to  hydrogen  sulfide,  and  potassium  iodide  performs  the  feat  of  acting  upon 
phosphoric  add  to  give  KaP04.  In  connection  with  the  union  of  hydrogen 
and  iodine,  no  data  are  given,  and  the  valuable  quantitative  work  of 
Bodenstein,  with  its  interesting  condusions  as  to  the  reversal  of  the  sign 
of  the  heat  of  reaction,  is  not  mentioned.  It  is  also  stated  that  iodine 
unites  dii^ectly  with  sulfur,  sdenium  and  tellurium,  although  at  least 
four  investigations  have  shown  that  iodine  and  sulfur  form  neither  com- 
pounds nor  soUd  solutions,  and  only  tellurium  forms  an  iodide.  The  most 
serious  defects  are  in  the  sections  on  chlorine.  The  fact  that  in  the  action 
of  chlorine  on  water  hydrochloric  add  and  h3rpochlorous  add  are  formed 
is  indeed  mentioned,  but  the  extent  of  the  reaction  is  not  described.  On 
the  contrary,  chlorine  bleaches  by  forming  nascent  oxygen  and  light 
liberates  this  oxygen,  but  has  no  effect  on  chlorine  hydrate.  Surely  the 
point  of  view,  that  hypochlorous  add  is  decomposed  by  light,  and  is  not 
present  in  chlorine  hydrate,  if  mentioned,  would  have  deared  up  this 
mystery.  The  authors  even  seem  to  think  that  h3rpochlorous  add  is 
a  myth,  for  they  speak  of  the  solution  of  chlorine  monoxide  as  ''what  is 
known  as  h)rpochlorous  add,"  and  as  something  that  ''must  be  regarded 
as  an  aqueous  solution  of  HCIO."  Naturally,  therefore,  they  do  not  per- 
cdve  that,  in  the  distillation  of  dilute  hypochlorous  add,  the  strongest 
solution  comes  off  first,  because  the  ClaO  is  expdled.  Again,  the  fact 
that  chlorine  monoxide,  when  led  into  hydrochloric  add,  gives  chlorine 
gas,  is  stated  without  the  explanation  that  hypochlorous  add  is  formed 
and  that  the  latter  reacts  vigorously  with  hydrochloric  add  to  give  chlorine. 
Bleaching  powder  is  givto  as  a  mixture  of  two  salts,  instead  of  a  mixed 
salt,'  and  the  various  ways  of  obtaining  hypochlorous  add  from  it,  such 
as  by  adding  half  an  equivalent  of  nitric  add,  or  by  treating  caldum  car- 
bonate with  chlorine  water,  or  by  leading  excess  of  chlorine  into  bleaching 
powder  suspended  in  water,  are  stated  without  explanation,  and  the  two 
last  are  accompanied  by  uninstructive  equations,  in  which  chlorine  instead 
of  the  adds  is  the  active  substance.  Finally  the  fact  that  a  given 
weight  of  chlorine  in  the  form  of  h3rpochlorous  acid  has  twice  as  much 
bleaching  power  (sic.  capadty  is  intended)  as  the  same  weight  of  chlorine 
in  bleaching  powder  is  "explained"  by  equations  which  avoid  the  real 
explanation.  In  a  descriptive  reference  book,  bare  facts  may  be  given, 
but  this  work  daims  to  be  a  text-book,  and  a  text-book  must  be  coherent 
and  rationalized.  The  remaining  seven  volumes  are  all  by  different  au- 
thors, so  that  it  is  to  be  hoped  that,  in  quaUty,  these  will  resemble  Volume  I 
rather  than  Volume  VIII.  Albxandbr  SMtrn. 
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TJeber  das  periodische  System  der  chemischen  BUmente.    By  Alois  Bilscki.    Buch- 
holz  &  Diebd,  Buchdruckerei  J.  Feitzinger,  Tropi>au,  1915. 

This  is  a  brief  treatise  of  2 1  pages  concerning  an  always  interesting  topic. 
The  author  points  out  the  lacks  in  the  tabular  presentations  of  the  periodic 
system  and  prefers  the  well-known  Crookes  double  helix,  modifying  this 
curve  somewhat.  He  finds  that  a  number  of  elements  have  atomic  weights 
which  are  approximately  whole  multiples  of  the  number  1.86  (which  he 
calculates  as  half  the  "theoretical  atomic  weight"  of  helium,  based  on  the 
atomic  weight  of  xenon  and  the  losses  by  emanation  of  radioactive  ele- 
ments), and  he  indicates  other  approximately  constant  differences  in 
other  groups  of  elements.  At  the  end  is  an  appendix  presenting  useful 
tables  and  plates  depicting  some  of  the  properties  of  the  elements  recorded 
and  plotted  in  relation  to  their  atomic  weights.  He  is  apparentiy  un-. 
familiar  with  some  of  the  earlier  work  of  others,^  but  considering  the 
enormous  amount  which  has  been  written  on  this  subject,  this  is  not  sur- 
prising. T.  W.  Richards. 

Handtmch  der  Mineralchemie.      Bd.  II,  8,    Bogen  (21-30).     By  Dobltbr,  et  al. 
Dresden  and  Leipsic:  Theodor  Steinkopff.    Price,  M.  650. 

A  treatment  of  the  alkali  alumino-silicates,  the  most  important  of 
which  are  the  alkali  members  of  the  feldspar  and  mica  groups.  Important 
as  the  micas  are,  the  chemical  knowledge  of  them  is  tremendously  hampered 
by  their  complexity,  so  that,  while  no  littie  labor  has  been  expended  in 
the  study  of  them,  the  data  on  their  syntheses  and  alterations  are  often 
unintelligible.  Without  any  guiding  hypothesis  which  may  serve,  even 
temporarily,  to  unify  the  material,  it  seems  perfectiy  clear  to  the  reviewer 
that  the  only  soimd  method  an  editor  can  follow  is  to  make  the  text 
concise  and  append  a  complete  bibliography.  But  here,  and  quite  fre- 
quentiy  in  other  portions  of  this  book,  difPuseness  in  writing  and  loose- 
ness in  construction  are  the  rule.  The  reviewer  confesses  to  repeated 
efforts  to  extract  the  wheat  from  the  chaff,  but  even  one  deeply  interested 
in  the  subject  rarely  reads  one  of  these  volumes  without  a  feeling  of  aim- 
less floundering  in  a  hopeless  jungle.  E.  T.  Allbn. 

Blectrischs  Spectroanalyse  Chsmischer  Atome.    By  J.  Stark.    I/eipzig:   S.  Hirzd. 
Price,  M.  6. 

The  discovery  was  made  by  Stark,  and  independentiy  by  Lo  Surdo 
that  the  hydrogen  lines  broke  up  into  groups  when  the  glowing  gas  was 
subjected  to  the  powerful  electrical  field  of  a  specially  designed  vacuum 
tube  in  a  manner  analogous  to  the  spUtting  up  of  lines  in  a  magnetic 
field  (Zeeman  effect).  The  effect  has  been  found  for  only  a  very  few 
elements  at  the  present  time,  however  Prof.  Stark's  book  gives  a  history  of 
the  discovery  and  a  very  complete  account  of  such  observations  as  have 
1  "The  Faraday  I^ecture  of  1911,"  /.  Chem,  Soc.,  99,  1214  (1911),  etc 
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been  made  up  to  the  present  time.  It  is,  in  brief,  a  comprehensive 
monograph  on  the  Stark-Lo  Surdo  effect,  and  has  Uttle  or  nothing  to  do 
with  chemistry.  R.  W.  Wood. 

A  Handbook  of  Colloid  Chemistry.    By  Dr.  Wolfgang  Ostwald.    English  transla- 
tion  from  the  third  Gennan  edition  by  Dr.  Martin  H.  Fischer,  assisted  by  Dr. 
Ralph  E.  Oesper  and  Dr.  Louis  Bennan.     Philadelphia:  P.  Blaldston's  Son  &  Co. , 
275  pp.    Price,  I3.00  net. 

This  work  of  the  younger  Ostwald  was  the  most  complete  work  on  col- 
loids we  had  yet  seen.  It  dealt  with  the  subject  ia  a  typically  German 
scientific  manner.  The  whole  field  was  divided  into  many  parts  and  each 
part  was  thoroughly  considered  by  itself. 

The  translation  is  a  good  one.  After  a  general  description  of  the  col- 
loid state,  there  follow  chapters  on  the  relation  between  the  physical 
state  and  other  properties,  on  the  energetics  problems,  on  the  concept  of 
colloid  chemistry,  and  there  are  two  very  complete  chapters  on  mechanical 
or  physical  properties  of  colloid  systems,  such  as  osmotic  effects,  Brownian 
movement,  diffusion,  electric  migration,  dialysis*  etc.  Probably  the 
best  feature  of  this  work,  compared  with  others  on  the  subject*  lies  in  the 
introduction  of  the  energy  concepts  to  the  colloid  state,  particularly  with 
reference  to  surface-tension  effects. 

The  translatioa  will  doubtless  bring  the  material  so  thoroughly  o^ected 
and  digested  by  Ostwald  within  the  ken  of  American  investigators  in  widely 
different  parts  ci  natural  science.  The  work,  as  written,  does  not  appear 
the  particular  narrow  province  ol  the  chemist,  but  belongs  obviously  to 
the  physicist,  biologist  and  scientist  in  general.  It  is  only  to  be  regretted 
that  so  long  a  delay  was  necessary  for  an  English  translation — seven  years. 
It  is  a  reflection  on  us  Americans  that  we  do  not  show  more  ready  apprecia- 
tion of  foreign  work,  but  we  owe  the  translators  a  debt  of  gratitude  that 
we  now  have  this  recognized  text-book  on  the  subject. 

W.  R.  Whitney. 

Ihe  Rare  Sartiit,  Their  Occurreiice,  Chemistry  and  Technology.    By  S.  I.  Lbvy,  B.A., 
B.Sc.,  A.I.C.    Longmans,  Green  &  Co.,  1915.    Pp.  342,  v^xiv.    Price,  Ss-ob  net. 

"The  present  work  is  intended  to  give  a  general  but  fairly  comprehensive 
account  of  the  rare  earth  group.  In  accordance  with  general  usage, 
the  elements  zirconium  and  thorium  have  been  included,  though  these 
are  now  recognized  as  falling  outside  the  limits  of  the  rare  earth  group 
proper."  Titanium  is  also  included,  and  substantial  reasons  for  such 
inclusion  are  given. 

With  some  judgment  the  work  has  been  divided  into  three  parts  (see 
below),  but  in  view,  "however,  of  the  occurrence  of  considerable  quantity 
of  monazite  within  the  British  Empire,  ♦  ♦  *  *  *  stress  has  been  laid 
on  the  technical  aspect,  ♦  *  *  especially  developed  as  regards  the  pro- 
duction of  monazite  and  the  incandescent  gas  mantle  industry  *  *  *  ." 
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The  preface  indicates  some  special  pleading.  This,  however,  is  not  to 
be  found  fault  with,  especially  if  it  promotes  Sir  Boverton  Redwoods' 
ante  bellum  "Wake  Up  England"  idea,  for  in  spite  of  the  brilliant  indi- 
vidual investigations  on  the  ''submerged  third"  by  the  distinguished 
British  savants,  the  Empire  has  shown  in  reflected  light  as  far  as  the  in- 
.  dustrial  development  of  the  rare  earths  is  concerned. 

For  a  "hurry-up  job,"  the  work  has  been  pretty  weU  done,  but  of  course 
such  carries  with  it  certain  blemishes  (pp.  221  and  243).  Temperature 
factors  have  been  ignored  in  places  (p.  252)  and  lack  of  knowledge  of 
original  pubUcation  is  shown  in  some  instances  (p.  253,  metallic  thorium). 

The  three  parts  are:  (i)  occurrence,  which  is  concerned  with  the  nature 
of  the  minerals  and  their  mode  of  occurrence;  (2)  the  chemistry  of  the 
elements,  wherein  the  general  properties  and  methods  of  separation  of  the 
different  groups  are  considered;  (3)  technology,  which  takes  up  the  in- 
candescent mantle  ijidustry  involving  the  treatment  of  monazite,  the  manu- 
facture of  mantles  from  cotton  and  ramie  and  artificial  silk,  its  produc- 
tion and  use  in  the  mantle  industry.  The  work  ends  with  a  consideration 
of  the  other  technological  uses  of  the  cerium  and  jrttrium  elements,  zir- 
conium and  thorium,  with  the  industrial  applications  of  titanium  and  its 
compounds. 

A  short  introduction  by  the  renowned  Sir  William  Crookes  gives  the 
book  a  stamp  of  authority.  It  is  certainly  a  dear  exposition  of  the  ''Rare 
Earths"  in  English,  if  one  keeps  in  mind  the  reservation  animadverted. 
One  coldd  not  but  wish  that  it  had  partaken  somewhat  less  of  some  foreign 
characteristics  of  certain  European  nations  in  neglecting  work  done  in 
America. 

The  point  in  nomenclature,  re  titanous  and  titanic  compounds,  referred 
to  on  p.  226  is  well  made  and  prompts  the  reviewer  to  call  attention  to 
doing  away  entirely  with  the  tertns  -ous  and  -ic  in  all  chemical  literature. 
The  use  of  such  terms  is  effete.  Why  not  say  titanium  dichloride,  tri- 
chloride, tetrachloride?    Iron  dichloride  and  iron  trichloride? 

Every  library  of  chemistry  should  have  a  copy  of  this  book. 

Chas.  Baskerviu^. 

The  Rare  Earth  Industry.  By  Sydh^y  J.  Jornstonb,  Senior  Assistant,  Scientific 
and  Technical  Department,  Imperial  Institute,  London.  Royal  Octavo  XII. 
136   pp.    42    illustrations.    New   York:   Appleton   &   Company.    Price,  J3.00 

(7s,  6d,  net). 

This  interesting  book  is  the  second  of  a  series  of  six  Manuals  of  Chemical 
Technology  issued  by  the  Appletons  and  edited  by  Geoffrey  Martin. 
The  object  of  these  Manuals,  as  the  editor  expresses  it,  is  "to  give  concise 
but  sufficient  information  concerning  the  manufacture  and  utilization  of 
certain  chemical  products,  whose  exploitation  has  been  hitherto  but  little 
developed  in  this  country"  (England).     Eight  chapters  cover  the  following 
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subjects:  The  Thorium  and  Cerium  Industry,  Titanium,  Zirconium, 
Tantalum  and  Niobium,  Tungsten,  The  Incandescent  Glow  L#mp  In- 
dustry, Uraniiun  and  Vanadium;  while  a  ninth  chapter  by  Alexander  S. 
Russell  upon  the  Industry  of  Radioactive  Substances  completes  the  volume. 

The  author  has  succeeded  in  his  purpose  of  making  the  book  to  be 
"essentially  of  a  practical  nattu-e,"  and  has  wisely  confined  himself  to  the 
industrial  applications  of  the  Rare  Earths,  and  has  only  dealt  with  the 
pure  chemistry  of  these  substances  to  a  sufficient  extent  to  insure  a  proper 
understanding  of  the  nature  and  properties  of  the  materials  dealt  with. 
The  explanation  for  including  these  various  elements  under  the  head 
of  ''Rare  Earths"  is  that  it  is  almost  impossible  to  discuss  their  utilization 
in  a  satisfactory  manner  without  including  some  account  of  certain  other 
metals,  which  are  even  now  technically  related,  and  the  reader  will  be 
in  hearty  sympathy  with  this  dasscfication.  Each  chapter  contains  a 
very  satisfactory  bibliography  which  shows  the  extensive  literary  research 
of  the  author,  together  with  a  valuable  classified  list  of  the  English  patents 
upon  each  subject. 

The  chapters  on  the  Thorium  and  Cerium  Industry,  and  Timgsten  and 
the  Incandescent  Electric  Lamp  Industry  are  particulariy  valuable  and 
extremely  well  written.  They  deal  with  these  respective  subjects  quite 
comprehensively  from  the  preparation  of  the  ore  to  the  finished  product; 
and  while  the  description  of  the  mantel-making  industry  is  decidedly 
colored  with  the  English  point  of  view  and  practice,  it  is  nevertheless 
extremely  interesting.  Both  these  chapters  give  detailed  costs  of  manu- 
facture, which  add  materially  to  their  value.  The  42  illustrations  are  all 
found  in  these  chapters  and  they  are  extremely  well  chosen,  desaibing 
principally  apparatus  and  manufacttuing  processes.  The  chapter  on 
Radioactive  Substances  treats  this  subject  in  a  very  complete  manner 
— ^both  historically  and  scientifically,  as  well  as  technically.  This  chapter 
is  from  the  pen  of  Mr.  Alexander  A.  Russell,  and  very  sqipropriatdy  closes 
this  interesting  and  practical  manual.  H.  S.  Miner. 

Air,  Water,  and  Food,  from  a  Sanitary  Standpoint.  By  Alprbus  O.  Woodbcan 
AKD  Jom^  P.  Norton.  Fourth  edition,  revised  and  rewritten.  New  York: 
John  Wiley  &  Sons,  Inc.;  London:  Chapman  &  Hall,  Irimited,  19 14.  348  pp. 
17  illtis.     Price,  $2.00. 

Since  the  third  edition  of  this  work,  one  of  the  authors,  Mrs.  EUen  H. 
Richards,  has  died  and  a  change  of  authorship  is  noted  in  the  fourth 
edition.  The  book  has  been  thoroughly  revised  and  brought  up-to-date, 
many  parts  of  it  being  entirely  rewritten  to  include  the  results  of  recent 
investigations  and  to  present  the  point  of  view  regarding  some  phases  of 
the  subject  which  has  been  brought  about  since  the  earlier  editions. 

The  chapter  on  air  and  that  on  ventilation  in  the  previous  edition  have 
been  combined  in  this  edition  into  one  chapter  entitled  **Air  and  Health," 
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and  the  subject  matter  has  been  entirely  rewrittoi  to  mdude  the  more 
recent  contributions  to  this  important  subject.  In  the  chapter  on  anal3rt- 
ical  methods  for  air,  more  emphasis  has  been  laid  upon  the  determination 
of  humidity  and  dust,  and  the  descriptions  of  some  of  the  older  methods 
which  have  largely  fallen  into  disuse  have  been  omitted. 

The  chapter  on  the  relation  of  water  to  health  has  been  entirely  re- 
written and  brought  up-to-date,  especially  with  reference  to  the  bacterio- 
logical aspects  of  this  question.  The  analytical  methods  for  water  have 
been  revised  and  some  modifications  and  improvements  made;  a  some- 
what more  logical  order  has  been  followed  in  describing  the  different 
methods.  More  detailed  explanations  are  given  of  some  of  the  reactions 
involved.  Short  paragraphs  on  the  bacteriological  examination  of  water 
and  sewage  have  been  added,  as  have  descriptions  of  the  methods  for 
determination  of  sulfates  and  putresdbility. 

Under  the  analytical  methods  for  food,  the  subject  matter  relating  to 
milk  has  been  entirely  rewritten.  New  material  has  been  added  on  the 
variation  in  composition  of  milk,  some  of  the  anal3rtical  methods  have 
been  omitted  and  others  have  been  greatly  modified.  Comparatively 
little  change  has  been  made  in  the  anal3rtical  methods  for  other  foods» 
but  in  some  instances  new  methods  have  been  added  and  slight  modifica- 
tions of  others  have  been  made. 

Some  changes  in  the  arrangement  of  the  tables  have  been  made.  The 
bibliography  also  has  been  extended  and  brought  up-to-date. 

H.  L.  Lang. 

Jounud  of  th«  Assodation  of  Offlcial  Agricultund  ChemittB.  Published  Quarterly 
for  the  Associatioii  by  the  Williams  and  Willdns  Company,  Baltimore.  Five 
dollars  per  amium  for  non-members. 

This  journal,  the  first  number  of  which  has  recently  appeared,  fills  a 
place  of  importance  in  theliterature  of  agricultural  chemistry;  the  need 
for  it  has  been  felt  for  many  years.  It  offers  a  proper  medium  for  the 
publication  of  a  large  amount  of  matter  which  could  not  wdl  be  given 
space  in  any  one  of  the  existing  journals^  but  which  is  of  the  highest 
interest  and  importance  to  chemists  connected  with  experiment  stations 
or  food  control  laboratories. 

Official  methods  of  analysis,  revised  from  year  to  year,  find  a  place 
here  as  will  also  the  reports  of  the  proceedings  of  the  annual  convention 
of  the  Association  of  Official  Agricultural  Chemists.  There  are  also  re- 
ports from  other  official  laboratories  and  it  is  probable  that  cities  as  well 
as  the  states  will  find  this  the  most  convenient  organ  for  the  publication 
of  work  relating  to  municipal  control. 

The  journal  is  well  printed  on  heavy  paper;  the  numbers  which  are  out 
make  a  good  impression.  J.  H.  Long. 
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THE  FREE  ENERGY  OF  HYDROCHLORIC  ACID  IN  AQITEOUS 

SOLUTION. 

V 

By  Jammb  H.  Bixn. 
ReoeiTCd  Pcbrutfy  1,  1916. 
CoNTHMTs. — I.  Purpoie  and  Oatline  of  the  Investigation.  2.  Review  of  Previoiis 
Investigations.  3.  Description  of  the  Experiments:  (a)  Preparation  of  the  Sub- 
stances and  Solutions;  (fr)  Description  of  the  Cell;  (c)  Method  of  Setting  up  the  Cell; 
{d)  Description  of  the  Measurements.  4.  The  Experimental  Data.  5.  Decrease  in  Free 
Energy  and  in  Heat  Content  Attending  the  Cell  Reaction.  6.  Decrease  in  Free  Energy 
and  in  Heat  Content  Attending  the  Transfer  of  Hydrochloric  Add  from  Any  Concentnip 
tion  to  0.1000  Molal.  7.  Relative  Activities  of  the  Ions  of  the  Add  at  Various  Con- 
centrations. 8.  Combination  of  the  Free  Energy  Values  with  those  Derivable  from 
other  Electromotive-Force  Measurements.  9.  Discussion  of  the  Activity  Coeffidents 
of  Hydrodiloric  Add  and  Potassium  Chloride.     10.  Summary. 

z.  Purpose  and  OufUne  of  the  Investigation. 

The  fact  that  the  laws  of  perfect  solutions,  which  are  conformed  to 
by  un-ionized  or  slightly  ionized  substances  in  dilute  aqueous  solutions, 
are  subject  to  large  deviations  in  the  case  of  largely  ionized  substances 
(salts,  strong  adds  and  bases),  even  at  small  concentrations,  makes  it 
necessary,  in  the  absence  of  any  theoretical  explanation  of  the  deviations, 
to  treat  dilute  solutions  of  these  substances  like  concentrated  solutions 
of  other  substances,  namely,  to  determine  experimentally  the  behavior 
of  the  separate  substances,  with  the  hope  that  this  empirical  study  may 
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then  lead  to  generalizations.  Now  the  most  important  characteristic 
of  ionizing  substances  is  the  chemical  activity  which  results  from  their 
ionization,  or  more  specifically  the  (mass  action)  effect  which  their  ions 
exercise  in  determining  chemical  equilibria.  This  effect  in  the  case  of 
theoretically  perfect  solutes  is  proportional  to  the  concentration  of  the 
ions,  but  in  the  case  of  deviating  solutes  there  mtist  be  substituted  for 
it  a  new  quantity  which  may  be  regarded  as  the  "effective  ion  concentra- 
tion" and  which  has  been  appropriately  called  by  Lewis^  the  activity  of 
the  ions.  This  quantity  has  been  shown  by  Lewis  to  be  thermodynnmically 
related  to  various  other  properties  of  solutions,  thereby  on  the  one  hand 
increasing  its  practical  significance  and  on  the  other  affording  various 
means  of  evaluating  it. 

The  most  general  of  these  thermodynamic  relations,  one,  indeed,  which 
may  well  be  regarded  as  the  best  practical  definition  of  activity  is  that 
afforded  by  the  equation  Fi  —  Fi  =  i?  T  log(ai/aj),  in  which  R  is  the 
perfect-gas  constant  and  Fi  —  Ft  represents  the  decrease  in  the  free 
energy  of  the  S3rstem  attending  the  transfer  at  the  absolute  temperature 
T  of  one  mol  of  any  substance  (for  example,  of  an  ion)  from  a  solution  of 
any  concentration  in  which  its  activity  is  Oi  to  another  solution  of  any 
concentration  in  which  its  activity  is  Oj;  the  free-energy  decrease,  here- 
after denoted  by  — AF,  being  defined  in  general  to  be  equal  to  the  maximum 
work  W  producible  by  the  change  in  the  state  of  the  S3rstem  under  con- 
sideration, diminished  by  the  attendant  increase  in  the  product  of  its 
volume  and  pressure  (that  is,  — AF  =  W  —  (ptth  —  piVi)). 

The  most  direct  way  of  determining  the  free-energy  decrease  attending 
the  transfer  of  ions  from  one  concentration  to  another,  and  thereby  their 
relative  activities,  is  the  measurement  of  the  electromotive  force  of  cells 
in  which  such  a  transfer  takes  place;  and  it  is  with  such  a  study  of  the  ions 
of  hydrochloric  acid  that  this  investigation  deals.  Namely,  measure- 
ments have  been  made  of  the  electromotive  force  at  i8,  25,  and  35^  of 
cells  of  the  type,  Hi  (gas),  HCl  (at  any  concentration  c),  HgiCl*  (solid)  + 
Hg.    The  chJEUige  in  state  when  one  f araday  passes  through  such  a  cell  is 

V2H2  (at  p)  +  V2Hg2Cl2  (soUd)  =  Hg  +  H+  CI-  (at  c); 
and  the  product  of  the  electromotive  force  into  the  value  (f)  of  one 
faraday  in  coulombs  is  equal  to  the  free-energy  decrease  in  joules  which 
attends  this  change  in  state.  The  changes  in  state  in  two  cells  in  which 
the  concentrations  are  c%  and  Ci  differ  only  in  the  respect  that  the  hydro- 
chloric add  is  produced  at  these  different  concentrations,  and  the  differ- 
ence (-Ej  —  £1)  in  their  electromotive  forces  multipUed  by  F  therefore 
equals  the  free-energy  decrease  ( — AF)  attending  the  transfer  of  i  HCl 

^  In  regard  to  the  concept  of  activity  see  G.  N.  Lewis,  Proc»  Am.  Acad,,  37,  49 
(1901);  43, 259  (1907),  and  Z.  physik,  Chem.,  38,  205  (1901);  61, 129  (1907). 
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from  a  solution  where  its  conoentratioii  is  ci  to  a  solution  where  its  con- 
centration is  ct. 

Prom  the  free-energy  decrease  attending  the  transfer  of  i  HCl  is  then 
calculated  the  ratio  ai^ai^/a%^a%^  of  the  products  of  the  activities  of 
the  two  ions  of  the  add  at  the  two  concentrations  by  means  of  the  equa* 

tion  — ^AF  =  i?  r  log    ^^  ^^ ,  which  is  based  on  the  general  definition 

of  activity.  The  simplifying  assumption  that  the  two  ions  have  equal 
activities  in  the  same  solution  (that  is,  that  ai^  =  ai^  and  a^  «  oj^)  i9 
tiien  made  provisionally;  and  tiie  activities  so  calculated  are  compared 
with  the  ion  concentrations  given  by  the  conductance  ratio  with  a  view 
of  throwing  light  on  the  deviation  of  the  activity  of  these  ions  from  the 
vcm  concentrations  commonly  assumed. 

This  research  has  been  carried  on  with  tiie  cooperation  of  Professor 
A.  A.  Noyes  and  with  the  aid  of  the  grant  made  to  him  by  the  Carnegie 
Institution  of  Washington;  The  preUminary  experiments  were  made 
jointly  with  Dr.  Louis  Wdsberg  and  the  final  measurements  with  Mr. 
F!rank  W.  Hall.  For  all  this  assistance  I  wish  to  express  my  great  in- 
debtedness. 

2.  Review  of  Previous  Investigations. 

Tolman  and  Ferguson^  have  already  made  measurements  with  hydrogen- 
calomel  cells  of  the  kind  here  described  at  i8^  and  at  HCl  concentraticms 
0.1,  0.02,  o.oi,  and  0.002  AT.  It  seemed,  neverthdess,  desirable 
to  take  up  these  measurements  anew  in  the  hope  of  securing  more  accurate 
results  and  for  the  sake  of  extending  the  measurements  to  higher  con- 
centrations and  other  temperatures.  Jahn*  has  also  measured  at  i8^, 
apparently  with  great  accuracy,  the  dectromotive  force  of  concentration 
cells  of  the  type  Ag  +  AgCl,  HCl(ci),  HCl(c2),.AgCl  +  Ag  with  the  con- 
centrations varying  from  0.033  to  0.00167.  From  these  dectromotive 
forces  can  also  be  calculated  with  the  aid  of  the  transference  numbers  of  the 
ions  the  free  energy  attending  the  transfer  of  i  HCl  from  one  solution  to 
another. 

Dolezalek'  has  measured  the  dectromotive  force  at  30**  of  hydrogen^ 
chlorine  cells  with  concentrated  hydrochloric  add  as  dectrolyte,  thus 
determining  directly  the  free  energy  of  hydrochloric  add  in  solutions 
S  N  to  12  N,  He  has  also  determined  the  partial  vapor  pressm-e  at  30** 
of  hydrochloric  add  in  these  concentrated  solutions.  Gahl^  has  also  made 
similar  vapor-pressure  measurements  at  25  ^. 

Other  accurate  electromotive  measurements  from  which  the  free  energy 
1  This  Journal,  34,  232-246  (1912). 
»  Z.  physik.  Chem.,  33,  545-576  (1900). 
»/W(i.,26,334(i898). 
«JWd.,33,  178  (1900). 
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of  transfer  of  tinivalent  electrolytes  can  be  derived  are  those  of  Jahn 
made  with  potassitim  chloride  and  sodium  chloride  in  the  same  way  as 
with  hydrochloric  add,  and  those  of  Maclxmes  and  Parker.^  The  last- 
named  investigators  measured  at  25^  concentration  cells  with  silver- 
silverchloride  electrodes  and  potassium  chloride  as  electrolyte  at  con- 
centrations 0.5  to  o.ooi  AT,  and  also  cells  of  the  type  Ag  +  AgCl,  KCl(ci), 
KHg„,  KCl(c2),  AgCl  +  Ag,  for  concentrations  between  0.5-0.005  N, 

Recently  S.  J.  Bates*  has  pubUshed  a  study  of  the  most  accurate  freezing- 
point  data  available,  from  the  results  of  which  the  free  energy  changes 
attending  changes  in  concentration  of  largely  ionized  substances  can  be 
readily  derived. 

The  results  of  these  investigations  will  be  considered  later  in  connection 
with  the  new  ones  to  be  here  presented. 

3*  Description  of  the  Experiments* 
(a)  Preparation  of  the  Substances  and  Solutions.-— The  mercury  for 
use  ill  the  cells  was  purified  by  first  dectrolyzing  it  as  the  anode  in  a  2% 
solution  of  nitric  acid,  stirring  both  the  mercury  and  the  solution  well, 
and  using  a  current-density  of  0.005  ampere  per  square  decimeter,  in  the 
manner  recommended  by  Wolff  and  Waters.'  Electrolysis  was  continued 
for  thirty  hours,  but  six  hours  before  its  completion  the  mercury  had 
ceased  to  tail.  After  this  process  the  mercury  was  dried  and  twice  dis- 
tilled at  a  pressure  of  30  mm.  in  a  current  of  air.  At  the  end  of  the  second 
distillation  no  visible  residue  was  left  in  the  distilling  flask.  The  mercury 
thus  prepared  preserved  a  mirror  surface  indefinitely. 

The  calomel  first  used  in  making  the  calomel  electrodes  was  Kahl- 
baum's  best  product;  but  it  did  not  give  reproducible  results.  Calomel 
prepared  by  precipitation  from  a  merctu'ous  nitrate  solution  made  by 
dissolving  pure  mercury  in  pture  nitric  acid  was  then  tried.  This  also 
proved  unsatisfactory,  although  great  care  was  taken  in  its  preparation. 
Finally,  satisfactory  calomel  was  secured  by  an  electrolytic  process 
analogous  to  that  suggested  by  Wolff  and  Waters^  for  the  preparation  of 
mercurous  sulfate  for  standard  Weston  cells.  Pure  mercury,  placed  in  a 
large  dean  beaker,  was  covered  with  pure  i  N  hydrochloric  add.  Both 
the  add  and  mercury  were  kept  well  stirred  by  a  glass  stirrer.  The 
mercury  was  made  the  anode;  and  the  cathode  consisted  of  a  piece  of  dean 
platinum  foil  contained  in  another  beaker  filled  with  hydrochloric  add 
and  connected  with  the  first  beaker  by  a  siphon  tube.  On  passage  of  the 
current  the  merciuy  stuiace  became  covered  with  a  thin  film  of  calomd; 
and,  as  this  was  swept  away  by  the  stirrer,  it  was  re-formed  continually. 

»  Tms  JotJRNAi,,  37, 1445-1461  (1915)- 

« /Wd.,  37i  1423-1445  (1915). 

*  B«U,  Bur,  Standards,  3,  625  (1907). 

*  Ibid.,  3,  631  (1907). 
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Variotis  rates  of  stirring  and  various  current  densities  ranging  from  2 
amp.  to  0.2  amp.  per  sq.  dm.  were  used,  without  affecting  the  electro- 
motive properties  of  the  product.  The  product  was  always  of  a  moderately 
dark  gray  color,  due  to  the  presence  of  a  large  amotmt  of  finely  divided 
mercury  in  the  form  of  globules  of  diameter  0.3  mm.  and  less.  Under  the 
microscope,  however,  the  calomel  particles  were  visible  as  a  perfectly 
white,  amorphous,  flocculent  substance.  Stirring  was  always  continued 
for  four  hours  after  the  electrol3rsis  was  terminated,  in  order  to  enable  the 
precipitated  calomel  to  come  into  equilibritun  with  the  solution.  The 
calomel  prepared  in  this  manner  was  transferred  to  a  dean  bottle  and 
preserved  under  the  mother  liquor  of  the  electrolysis.  When  tested  for 
mercuric  chloride  it  gave  no  reaction  for  it. 

All  water  used  in  making  up  the  solutions  had  a  specific  conductance 
less  than  lo"*  reciprocal  ohms.  It  was  preserved  in  resistance  glass 
bottles. 

Hydrochloric  add  was  prepared  by  redistilling  the  best  commerdal 
add,  retaining  only  the  middle  portion.  The  constant  boiling  add  thus 
secured  was  (hluted  with  conductivity  water  in  resistance-glass  bottles  to 
approximatdy  2  N,  and  analysed  by  predpitating  it  with  silver  nitrate 
and  weighing  the  silver  chloride.  Solutions  of  less  strength  were  pre- 
pared by  diluting  a  known  wdght  of  this  add  with  a  known  wdght  of 
water. 

Hydrogen  for  the  hydrogen  dec- 
trode  was  prepared  by  the  dectrol- 
ysis  of  sulfuric  add  sdiutions ;  it  was 
washed  before  being  admitted  to  the 
cell  by  passing  it  through  a  solution 
of  potassium  bichromate  in  strong 
sulfuric  add,  alkaline  pyrogallate 
solution,  and  a  hydrochloric  add 
solution  of  the  same  temperature 
and  concentration  as  that  in  the  cell. 
In  the  preliminary  work  the  hydro- 
gen was  also  passed  through  a  tube 
containing  a  platinum  spiral  at  a 
dull  red  heat;  but  this  precaution 
was  found  to  be  unnecessary. 

(b)  Description  of  the  Cell.— The 
cell  consisted,  as  shown  in  the  figure, 
of  two  half  cells  containing  the  hy- 
drogen and  calomd  dectrodes,  re- 
spectivdy.  These  half  cells  are 
shown  in  Figs,  i  and  2.  Fig.  i.  Fig.  2. 
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The  hydrogen  half  cell  contained  sometimes  two  or  four  platinum 
electrodes  and  at  other  times  only  a  single  one.  The  electrodes  were 
completely  covered  by  the  solution;  and  connection  was  made  to  them 
through  platinum  wires  leading  to  mercury  cups  outside  the  cell.  The 
portion  of  these  wires  within  the  cups  was  well  amalgamated  by  elec- 
trolysis in  a  mercurouis  nitrate  solution.  The  platinum  electrodes  were  of 
thin  foil  and  had  a  surface  of  15  sq.  cm.  They  were  cleaned,  before  the 
cell  was  made  up,  by  fusion  with  potassium  acid  sulfate,  followed  by  care- 
ful washing  in  boiling  water.  After  introduction  into  the  cell  they  were 
heavily  coated  with  platinum  black. 

Hydrogen  was  bubbled  into  the  cell  through  a  small  capillary  opening 
designed  as  shown  in  the  figure,  so  as  to  give  a  large  number  of  small 
bubbles.  It  escaped  through  an  exit  tube  at  the  top  of  the  cell.  This 
exit  tube  was  covered  with  a  cap  ending  in  a  capillary  bend  into  a  hook. 
The  tube  by  means  of  which  liquid  connection  is  estabUshed  with  the 
calomel  cells  also  has  a  hook  at  its  lower  end,  to  prevent  gas  bubbles  from 
entering  it  and  interrupting  the  column  of  liquid. 

The  platinization  of  the  platinum  foil  is  of  importance.  Clean  foil 
must  be  employed,  and  the  platinizing  solution  should  consist  of  pure 
chloroplatinic  add  (containing  1%  Pt).  The  addition  of  lead  to  secure 
a  better  coating  of  platinum  black  is  objectionable.  To  deposit  the 
coating  a  small  auxiUary  electrode  of  platinum  foil  is  introduced  into  the 
cell  through  the  hydrogen  exit  tube,  and  a  current  sufficient  to  Uberate 
gas  freely  at  both  electrodes  is  passed.  This  current  is  commutated  at 
intervals  of  five  minutes  for  two  hours  or  more,  or  until  the  coating  is  so 
thick  that  shaking  causes  some  of  it  to  fall  off,  after  which  the  auxiliary 
electrode  is  removed,  the  platinizing  solution  poured  off,  and  the  coated 
electrode  washed  with  many  changes  of  conductivity  water.  The  cell 
is  then  twice  allowed  to  stand  overnight  full  of  conductivity  water,  to 
remove  all  the  platinizing  solution  from  the  coating. 

Platimun  electrodes  prepared  in  this  manner  are  reproducible  with  the 
greatest  certainty  to  less  than  o.oi  millivolt;  and  out  of  eight  or  ten 
electrodes  made  up  successively,  one  is  rarely  found  which  differs  from 
any  of  the  rest  by  this  amount,  provided  the  precautions  given  above 
are  observed.  The  essential  points  in  securing  reproducibility  and  con- 
stancy are  that  the  electrode  should  be  completely  immersed  in  the  hydro- 
chloric add  solution,  the  coating  of  platimmi  blads:  should  be  thick  and 
black,  the  platinum  foil  should  be  initially  dean,  no  lead  should  be  used 
in  the  platinizing  solution,  the  platinizing  salts  should  be  completdy 
removed  from  the  dectrode  after  platinizing,  and  suffident  hydrogen 
should  be  fed  to  the  dectrode  to  insure  saturation  with  the  gas. 

The  hydrogen  dectrode  assumes  its  equilibrium  value  within  three  or 
four  hours  after  the  passage  of  hydrogen  is  conunenced;  it  functions  as  an 
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oxygen  electrode  tintil  the  oxygen  initially  present  upon  it  is  displaced 
by  the  hydrogen.  If  the  bubbling  of  hydrogen  through  the  solution  is 
reasonably  continuous  (a  few  bubbles  every  few  seconds)  and  if  the  coat- 
ing of  platinum  blade  is  sufficiently  thick,  no  variation  whatsoever  in  the 
electromotive  force  of  the  electrode  can  be  observed  even  with  a  very 
sensitive  potentiometer.  The  electrode  is  quiddy  responsive  to  changes' 
in  barometric  pressure;  and  it  is  possible  to  detect  readily  a  change  of 
one  millimeter  in  the  barometric  height  by  observing  the  dectromotive 
force  of  the  hydrogen  dectrode.  To  test  quantitativdy  the  response 
of  the  hydrogen  electrode  to  changes  in  hydrogen  pressure,  the  hydrogen 
in  one  cell  containing  approximatdy  o.i  normal  add  at  25^  was  subjected 
to  a  pressure  of  38.5  cm.  of  mercury  in  excess  of  the  atmospheric  pressure* 
and  the  diange  of  dectromotive  force  observed.  The  figures  given  in 
Table  I  were  obtained. 

TaBLS  I. — ^RBSPONSS  0»  THB  HtDKOOBN  EL8CTROD9  TO  ChANOBS  IN  FRSSStTKB. 


Elapsed  time. 
Hr.          MIn 

Barometer. 
Cm.  Hg. 

Bkcew 
preMttre. 
Cm.  Hf. 

BlectromotiTe 
force. 
Volt. 

0 

0.0 

0.40069 

16 

0.0 

0.40074 

I 

37 

0.0 

0.40081 

2 

5 

76.90 
Excess  pressure 

0.0 
then  applied. 

0.40081 

2 

20 

76.90 

38.5 

0.405 

2 

28 

76.90 

38.5 

0.4058 

2 

32 

76.90 

38.5 

0.40602 

2 

41 

76.90 

38.5 

0.40613 

56 

76.90 

38.5 

0.40625 

18 

38.5 

0.40622 

29 

76.85 

38.5 

0.40618 

56 

76.85 

38.5 

0.40616 

35 

76.8s 

38.5 

0.40623 

55 

76.77 
Excess  pressure 

38.5 
then  removed. 

0.40623 

7 

76.77 

0.0 

0.40105 

7 

76.77 

0.0 

0.40097 

21 

76.77 

0.0 

0.40085 

29 

76.77 

0.0 

0.40085 

39 

76.77 

0.0 

0.40085 

45 

76.72 

0.0 

0.40087 

It  will  be  seen  from  this  table  that,  before  the  pressure  was  applied, 
the  electromotive  force  was  constant  at  0.40081  volt,  that  it  rose  to  an 
approximately  stationary  value  of  0.40623  volt  in  an  hour  or  so  after  the 
excess  pressure  was  applied,  and  that  within  an  hour  after  the  excess 
pressure  was  removed  the  electromotive  force  fell  to  a  stationary  value  of 
0.40085  volt.    If  this  latter  value  is  corrected  for  the  change  in  barometric 


Digitized  by 


Google 


744  JAMES  H.   mXJS. 

pressure  from  76.90  to  76.72  cm.  retQcmbering  that  i  cm.  increase  in  the 
pressure  corresponds  for  small  pressing  changes  to  an  increase  of  0.00017 
volt  in  the  electromotive  force,  it  is  found  that,  had  the  barometer  not 
changed,  the  final  value  would  have  been  0.40090  volt.  Although  this 
value  differs  by  0.00009  volt  from  the  initial  value,  the  agreement  is 
fairly  satisfactory  considering  that  these  measurements  were  made  in 
the  early  stages  of  the  work,  when  neither  the  hydrogen  nor  the  calomel 
electrode  had  been  gotten  well  under  contrcd.  The  mean  of  the  two 
values  is  0.40086  volt,  and  the  rise  in  electromotive  force  to  0.40623  thus 
means  a  rise  of  0.00537  volt.  If  the  rise  to  be  expected  is  calculated  by 
means  of  the  formula  Et  —  £1  =  (i?  T/2V)  log  (pt/pi),  remembering  to 
subtract  from  the  recorded  values  of  the  pressures  the  pressure  of  aqueous 
vapor  at  25®,  the  figure  0.00536  volt  is  obtained.  There  is  thus  good 
evidence  that  the  hydrogen  electrode  acts  in  a  reversible  manner;  and  the 
data  given  above  show  that  it  responds  quickly  both  to  increase  and  to 
decrease  of  the  hydrogen  pressure. 

After  passage  of  hydrogen  for  thirty-six  horn's  to  thoroughly  saturate 
the  solution  and  electrode,  several  hydrogen  half  cells  were  sealed  by 
drawing  down  the  entrance  and  exit  tubes  for  the  hydrogen  with  a  hand 
blast  lamp.  These  cells  maintained  their  electromotive  force  constant 
within  one  millivolt  for  about  a  week,  but  showed  that,  for  an  accuracy 
of  o.i  millivolt  or  better,  it  is  essential  to  have  a  continual  supply  of 
hydrogen  pass  through  the  solution,  thus  making  it  impracticable  to 
construct  a  standard  cell  with  a  hydrogen  electrode. 

It  should  also  be  mentioned  that,  if  the  entrance  of  mercury  ions  from 
the  calomel  electrode  into  the  hydrogen  half  cell  is  prevented,  the  coating 
of  platinum  black  apparently  retains  its  effectiveness  indefinitely.  In 
the  present  work  electrodes  were  used  for  a  period  of  six  months  without 
showing  any  need  of  replatinization.  On  the  other  hand,  if  the  hydrogen 
and  calomel  electrodes  are  not  effectively  separated,  as  they  were  not  in 
the  first  stages  of  this  work,  nor  in  the  work  of  Tolman  and  Ferguson 
previously  referred  to,  the  coating  of  platinum  black  becomes  gray  from 
deposited  mercury  within  a  few  days,  and  cells  containing  such  electrodes 
give  results  which  may  be  low  by  o.i  millivolt  or  more. 

The  type  of  calomel  half  cell  employed  is  shown  in  Fig.  2  on  page 
741.  It  dispenses  with  the  use  of  a  platinum  leading-in  wire 
sealed  through  the  glass,  a  mercury  column  taking  its  place.  This  is  a 
distinct  advantage;  for  such  wires,  even  if  well  amalgamated  originally, 
appear  to  become  coated  with  a  crust  of  solid  matter  if  allowed  to  come  into 
contact  with  the  calomel,  and  they  ultimately  fail  to  make  good  contact 
with  the  mercury  button  in  the  bottom  of  the  cell.  Connection  with  the 
mercury  column  of  my  cells  was  made  with  an  amalgamated  platinum 
wire,  it  is  true,  but  in  such  a  way  that  no  calomel  could  touch  the  wire. 
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Because  of  the  lesser  degree  of  reproducibility  of  the  calomel  electrodes 
four  distinct  calomel  half  cells  were  always  made  up.  These  were  con- 
nected with  one  another  by  a  horizontal  tube  indicated  by  the  circle  B 
in  the  figure. 

Before  charging  the  cell  the  calomel  was  shaken  for  two  days  or  more 
with  successive  portions  of  hydrochloric  add  of  the  concentration  to  be 
used,  to  bring  it  into  equilibrium  with  the  add.  The  cell  was  then 
charged  with  the  proper  amount  of  this  calomd  and  with  the  add  with 
which  it  had  been  shaken,  the  stopcocks  were  dosed,  the  tube  subse- 
quently to  be  sealed  to  the  tube  coming  from  the  hydrogen  cell  was  dosed 
with  a  glass  plug  and  rubber  connector,  and  the  whole  cell  was*  rotated 
end-over*end  for  at  least  three  hours  to  ensure  perfect  equilibration. 
This  is  essential,  and  it  should  be  emphasized  that,  in  order  to  secure 
reprodudble  dectrodes,  one  must  not  allow  any  hydrochloric  add  which 
has  not  been  saturated  with  calomd  in  the  manner  just  described  to  enter 
the  cell. 

Calomd  dectrodes  prepared  with  these  precautions  assume  (except 
when  the  add  is  more  dilute  than  0.03  N)  their  true  potential  within 
thirty  minutes  after  coming  to  the  temperature  of  the  thermostat  in 
which  they  are  placed,  and  then  remain  constant.  But,  unless  the  pre- 
cautions are  observed,  the  cells  do  not  come  to  a  steady  value  even  after 
several  days,  and  they  show  small  capridous  variations  from  second  to 
second,  which  are  greatly  magnified  by  shakmg  the  cell.  Blectrodes 
correctly  prepared  are  reprodudble  to  within  0.04  to  0.05  millivolt,  and 
do  not  change  their  value  on  shaking,  while  dectrodes  prepared  without 
thorough  equilibration  may  be  expected  to  vary  from  one  another  by  a 
whole  millivolt,  and  to  change  their  value  on  shaking  even  after  they 
appear  to  have  come  to  a  steady  value.  Indeed,  the  constancy  of  an 
undisturbed  calomd  dectrode  is  no  indication  whatsoever  of  the  satis- 
factory performance  of  the  dectrode;  for,  even  when  an  dectrode  has  not 
been  rotated,  it  settles  down  to  a  steady  value  in  the  course  of  a  few  days, 
although  this  value  may  be  as  much  as  a  millivolt  (or  even  ten  mUli- 
volts)  removed  from  the  correct  value.  It  should  be  assumed  that  the 
dectrode  is  acting  satisfactorily  only  when  a  number  of  dectrodes  prepared 
simultaneously  or  at  different  times  give  substantially  the  same  dectro- 
motive  force,  when  these  dectrodes  are  steady  in  their  values  and  not 
sensitive  to  shaking,  when  they  show  no  tendency  to  polarize  in  ordinary 
use  with  a  potentiometer,  and  when  they  exhibit  no  temperature 
hysteresis.  All  the  dectrodes  used  in  the  present  investigation  fulfilled 
these  conditions. 

It  may  be  inddentally  mentioned  that  the  common  practice  of  bringing 
dectrodes  into  agreement  by  allowing  them  to  stand  connected  together 
in  the  same  solution  does  not  afford  evidence  that  the  dectrodes  have 
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become  really  identical;  for  by  this  treatment  inherent  di£Ferences  in  the 
electrodes  may  have  been  merely  temporarily  compensated  by  con- 
centration changes  automatically  produced  in  the  porous  material  upon 
their  surfaces. 

The  complete  hydrogen-calomel  cell  possessed  nearly  the  steadiness 
of  a  cadmium  standard  cell.  No  variation  in  its  electromotive  force 
from  instant  to  instant  cotdd  be  observed  with  a  potentiometer  reading 
to  o.oi  millivolt,  and  the  variations  observed  in  the  course  of  several 
days  almost  always  agreed  with  those  predictable  from  the  changes  in  the 
barometric  pressure  and  the  slight  temperature  changes  in  the  thermo- 
stat. The  following  set  of  values  (corrected  for  barometric  changes) 
indicates  the  constancy  of  the  cell,  and  shows  its  entire  freedom  from 
temperature  hysteresis.  The  add  used  in  these  measurements  contained 
1.9278  mols  HCl  per  1000  g.  water. 

Table  II. — Rbsponsb  op  the  Cells  to  Changes  in  Temferatuse. 


Elapsed  Ume. 
Hr.         Mln. 

Temperature. 

Corrected 

E.M.F. 

Volt. 

Elapsed  time. 
Hr.         Min. 

Corrected 
B.  M.  F. 

Volt. 

0 

3500* 

0.23302 

3 

50 

iS.oo* 

0.23767 

40 

35.00« 

0.23304 

4 

30 

18.00** 

0.33769 

I            50 

25.00* 

O.2358S 

10 

30 

25.00* 

0.23586 

2            30 

25.00** 

0.23590 

14 

0 

25.00* 

0.23588 

It  will  be  noticed  that  this  cell,  which  is  a  typical  one,  gave  the  same 
value  at  25"*,  whether  this  temperattve  was  approached  from  35**  or  from 
18^;  and  it  may  be  stated  in  addition  that  the  electromotive  force  of  the 
cell  appears  to  follow  within  a  few  minutes  any  temperature  change. 

The  fact  that  the  cells  gave  electromotive  forces  constant  for  days, 
indicates  that  the  continued  passage  of  hydrogen  through  the  hydrogen 
half  cell  was  accompanied  by  no  progressive  change  in  the  concentration 
of  the  add  due  to  removal  of  water  vapor. 

It  should  be  observed  that  the  cells  are  satisfactory  only  with  fairly 
concentrated  acid.  With  add  of  lower  concentration  than  0.03  N  the 
calomd  dectrode  is  for  some  reason  not  at  all  reUable.  This  may  be  due 
to  some  change  in  the  solid  phase,  such  as  the  formation  of  a  basic  chloride 
or  of  a  subchloride  producing  a  solid  solution  with  the  original  calomd 
At  any  rate,  something  happens  at  low  concentrations  which  affects  the 
meastu-ements  noticeably  even  at  0.03  N,  and  which  produces  so  pro- 
nounced an  error  at  o.oi  and  at  0.003  iV  as  to  render  the  measurements 
at  those  concentrations  valudess. 

The  meastu^d  dectromotive  forces  of  the  cells  containing  the  add  at 

the  highest  concentration  (4.484  molal)  might  be  sUghtly  in  error,  owing 

to  the  solubility  of  calomd  in  add  of  this  strength.    The  data  determined 

by  Richards  and  Archibald^  show,  however,  that  a  4.484  molal  HQ 

*  Z.  physik.  Chsm.»  40,  391  (1902). 
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sattirated  with  calomel  is  only  0.0016  molal  in  HgCh.  The  molal  ratio 
HgCla  :  HCl  is  therefore  only  0.035%,  thus  altogether  too  small  to  pro- 
duce through  complex  formation  or  otherwise  an  appreciable  change  in  the 
concentration  or  activity  of  the  hydrochlcnic  add. 

(c)  Method  of  Settfaig  Up  the  Cell. — The  technique  of  preparing  a 
hydrogen-calomel  cell  is  somewhat  complicated.  The  two  separate  half 
cells  are  first  cleaned  with  an  add  bichromate  solution,  and  then 
thoroughly  washed  with  conductivity  water.  The  hydrogen  half  cell 
is  then  rinsed  out  several  times  with  add  of  the  concentration  to  be  used, 
allowing  it  to  stand  full  of  add  for  some  time  between  the  rinsings.  The 
calomd  cells  are  then  completdy  dried  by  passing  through  them  a  current 
of  air  filtered  through  cotton  wool.  Their  stopcocks  are  freed  from 
grease,  and  they  are  smeared  anew  with  a  small  quantity  of  fresh  grease. 
The  small  vertical  side  tubes  of  the  four  calomd  half  cells  are  then  filled 
with  pure  mercury,  as  are  also  the  bores  of  the  f otu-  small  stopcocks  at  the 
bottom  of  the  cells.  These  stopcocks  are  then  dosed,  and  the  tops  of  the 
side  tubes  are  sealed  off  dose  to  the  top  of  the  mercury  coliunns  with  a 
hand  blast-lamp.  The  tube  leading  to  the  hydrogen  cell  is  dosed  by  a 
glass  plug  hdd  on  by  a  short  rubber  connector.  The  air  pressure  in  the 
cells  is  sUghtly  reduced  with  a  water  pump,  and  add  of  the  proper  con- 
centration wluch  has  been  equilibrated  with  calomd  is  allowed  to[^flow  in. 
The  cell  is  shaken  and  then  the  add  is  sudced  out,  this  process  being 
twice  repeated.  Finally,  equilibrated  calomd  is  introduced  by  the  aid 
of  the  water  pump,  and  enough  equilibrated  add  to  fill  the  cell  com- 
pletely is  allowed  to  flow  in.  The  amotmt  of  calomel  used  is  apparently 
immaterial  provided  it  is  suffident  to  cover  the  mercury  button  later 
introduced. 

The  calomd  half  cdls  thus  prepared  are  slowly  rotated  end-over-end 
for  four  hours  or  more,  then  shaken  and  tilted  so  as  to  distribute  the 
calomd  equally  among  the  four  separate  cells.  The  sealed-off  ends  of  the 
side  tubes  containing  the  mercury  are  then  cracked  off,  and  the  stopcocks 
at  the  bottom  of  the  cells  are  opened  so  as  to  allow  the  merciuy  to  flow 
slowly  into  the  bottom  of  each  cell  and  form  the  mercury  electrode. 

The  calomd  half  cells  are  now  placed  in  the  thermostat  and  tested  for 
agreement  with  one  another.  If  the  process  has  been  successful,  as  after 
practice  it  almost  invariably  is,  the  maximmn  variation  between  any  two 
cells  will  not  be  greater  than  0.05  millivolt,  although  occasionally  with 
the  less  concentrated  adds  variations  of  o.io  millivolt  may  be  observed. 
If  the  calomd  half  cells  prove  satisfactory,  they  are  sealed  to  the  hy- 
drogen half  cell  with  a  hand  blast  lamp,  the  two  connection  tubes  having 
first  been  dried  out  with  filter  paper.  Gentle  suction  is  now  applied 
at  the  top  of  the  calomd  half  cells,  enough  liquid  to  fill  the  connection 
tube  is  drawn  over  from  the  hydrogen  cell,  and  the  stopcock  at  the  top 
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is  closed.  The  liquid  boundary  is  fanned  at  the  point  where  the  con- 
nection tube  joins  the  vertical  tube  leading  from  the  top  of  the  group  of 
calomel  cells,  and  when  formed  in  the  way  described  there  is  no  intro- 
duction of  add  from  the  hydrogen  cell  into  the  calomel  cell  nor  the  reverse. 
After  the  Uquid  junction  has  been  formed,  the  cells  are  replaced  in  the 
thermostat,  and  hydrogen  is  started  bubbling  through  the  hydrogen 
half  cell.    In  five  or  six  hoturs  measurements  may  be  commenced. 

(d)  Description  of  the  Measurements. — ^The  temperature  variations 
of  the  thermostat  seldom  exceeded  o.oi  ^.  The  temperature  was  measured 
to  o.oi^  on  two  Baudin  thermometers  (Nos.  16344  ^^^  16862),  which  had 
been  calibrated  at  the  Bureau  of  Standards.  Their  ice  points  were  re- 
determined during  the  course  of  this  investigation,  and  found  to  agree 
within  o.oi  ^  with  those  determined  at  the  time  of  the  calibration. 

The  apparatus  for  the  measurement  of  the  electromotive  force  consisted 
of  a  Leeds  and  Northrup  potentiometer  (instrument  No.  9043)  which 
has  been  recently  overhauled  and  put  into  good  condition  by  the  makers. 
A  Weston  standard  cell  (No.  1103)  ^^  used,  which  was  calibrated  at  the 
Bureau  of  Standards  during  the  course  of  the  work.  It  was  kept  in  a 
box  lined  with  heavy  felt  to  prevent  sudden  changes  of  temperature.  A 
correction  for  thermoelectric  forces  in  the  galvanometer  circuit  and  in  the 
potentiometer  was  always  made,  but  it  amounted  at  most  to  +0.00002 
volt.  The  potentiometer  settings  were  made  with  an  accuracy  of  o.ooooi 
volt. 

After  setting  up  the  cell  in  the  manner  previously  described  and  allowing 
hydrogen  to  bubble  through  it  for  six  hotu^,  the  potentiometer  current 
was  roughly  adjusted  by  the  aid  of  an  auxiliary  sub- standard  cell;  and 
then  the  electromotive  force  of  each  calomel  half  cell  against  the  hydrogen 
half  cell  was  measured.  Immediately  after  this  the  electromotive  force  of 
the  standard  cell  was  measured,  giving  a  calibration  of  the  potentiometer 
scale  more  accurate  than  if  the  attempt  were  made  to  adjust  the  scale  to 
read  directly  in  the  usual  manner.  The  temperature  of  the  thermostat 
was  then  measured  on  the  Baudin  thermometers,  and  the  barometer 
reading  was  taken.  The  cell  was  then  allowed  to  remain  one  hour  or 
more  at  the  same  temperature,  and  the  measurements  were  repeated. 
If  the  electromotive  forces  measured  at  these  two  times  checked  within 
0.00002  volt  after  allowance  had  been  made  for  the  change  in  the  baro- 
metric pressure,  the  cell  was  brought  to  the  next  temperature  at  which 
it  was  to  be  measured,  and  the  same  procedtu^  was  repeated.  If  a  check 
within  0.00002  volt  was  not  obtained  (which  happened  only  once  during 
the  course  of  the  measurements),  the  cell  was  allowed  to  stand  for  another 
hour  without  changing  its  temperature,  and  the  measurements  were  re- 
peated.    Preliminary  work  on  the  cells  gave  satisfactory  evidence  that,  if 
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cdls  kqpt  the  same  value  for  one  hour,  they  would  in  aU  likelihood  ^retain 
it  for  days. 

After  the  measurements  at  the  three  temperatures  (i8,  25,  and  35®) 
were  made,  the  cell  was  emptied,  cleaned,  and  refilled  for  measurements 
with  another  concentration  of  acid. 

4.  The  Experimental  Data. 

To  reduce  the  observations  to  standard  conditions,  the  following 
corrections  were  applied  in  the  order  given: 

(i)  The  ice  points  of  the  Baudin  thermometers  having  been  rede- 
termined and  found  to  lie  within  0.0 1^  of  the  values  obtained  by  the 
Bureau  of  Standards,  the  corrections  determined  by  the  Bureau  were 
applied  to  the  thermometer  readings. 

(2)  The  barometer  readings  were  corrected  for  an  instrumental  error 
of  +0.7  mm.  and  for  the  temperature  of  the  mercury  and  scale  with  the 
aid  of  the  table  given  in  Landolt-Bomstein  Tabellen;  also  for  the  varia- 
tion of  gravity  due  to  the  fact  that  the  latitude  of  Boston  is  not  45  °> 
but  42**  21'. 

(3)  The  actual  hydrogen  pressure  at  the  platinum  electrode  of  the 
cell  was  obtained  by  subtracting  from  the  corrected  barometer  reading 
the  pressure  of  water  vapor  above  the  hydrochloric  acid  at  the  different 
temperattu-es  of  measurement;  and  then  adding  to  this  figure  the  mercury 
equivalent  (0.33  mm.)  of  the  column  of  liquid  in  the  cell,  measured  from 
the  middle  of  the  platinum  electrode  to  the  upper  surface  pf  the  liquid. 

(4)  The  observed  electromotive  forces  were  treated  as  follows:  (a) 
The  mean  of  the  values  for  the  four  cells  was  computed,  and  this  mean 
was  then  corrected  in  the  following  manner  for  the  error  caused  by  the 
fact  that  the  potentiometer  was  not  accurately  adjusted  to  be  direct 
reading:  From  the  value  of  its  scale  obtained  each  time  by  measuring 
the  electromotive  force  of  the  standard  cell,  corrected  electromotive 
forces  of  the  hydrogen-calomel  cell  were  computed  by  multiplying  the  ob- 
served electromotive  force  of  that  cell  by  the  true  electromotive  force 
of  the  standard  cell  and  dividing  by  the  observed  electromotive  force 
of  the  latter.  The  standard  cell  (Weston  No.  1103)  was  certified  by  the 
Bureau  of  Standards  to  have  the  value  i. 01 855  international  volts,  (b) 
This  corrected  electromotive  force  was  further  corrected  by  adding 
-f  0.00002  volt  for  the  thermoelectric  effects  in  the  potentiometer,  {c) 
The  value  thus  obtained  was  corrected  to  what  it  would  have  been,  had 
the  hydrogen  pressure  in  the  cell  been  exactly  one  atmosphere  (760  mm. 
mercury  at  zero  degrees,  sea-level,  and  45°  north  latitude).  This  correc- 
tion was  made  by  the  logarithmic  formula  correlating  electrode  potential 
and  gas  pressure:  it  amounted  to  — 0.00000057  T  per  centimeter  of 
mercury  above  76  cm.  (d)  From  the  values  so  obtained  the  temperature 
coefficient  of  each  cell  was  computed  for  different  temperatures,  and 
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corrections  were  made  for  the  slight  variations  of  the  thermostat  tem- 
peratures from  i8,  25,  and  35  ^ 

The  densities  at  25^  of  the  solutions  were  carefully  determined,  thus 
enabling  the  acid  content  to  be  expressed  also  in  mols  per  liter  of  the 
solution  at  25®.  The  values  found  (referred  to  water  at  4**)  are  as  fol- 
lows: 

Tabls  III. — ^Dbnsitibs  of  Hydrochloric  Acm  Solutions  at  25*. 

Mols  HCl  per  Mols  HCl  per     Mols  HO  per 

1000  g.  water.  Density.    1000  cc.  soltttion.  1000  g.  water.         Deiuity. 

4.484  1.0654  4- 1044  0.5095  1.0059 

1.9278  I. 0291  1.8535  0.3376  I. 0031 

I. 0381  I. 0149  I. 0159  0.10040  O.99S9 

0.7714  I. 0105  0.7587  0.03332  0.9972 

The  observed  electromotive  forces  are  presented  in  Table  IV,  The 
first  column  gives  the  temperature,  and  the  second  the  pressure  of  the 
hydrogen  obtained  as  described  in  Paragraph  (3)  above.  The  third  column 
gives  the  time  which  elapsed  after  the  first  measurement  was  made. 
The  remaining  columns  give  the  observed  electromotive  forces  of  the 
standard  cell  and  of  the  four  cells  formed  by  combining  the  hydrogen 
half  cell  with  each  of  the  four  calomel  half  cells.  The  add  concentrations 
are  given  in  mols  HCl  per  1000  g.  water,  the  weights  being  corrected  for 
air  buoyancy. 

TaBLB  IV.— TbB  ObSBRVSD  ELECTROMOTIVB  FORC8S  OF  THS  SBPARAT8  CSLLS. 

Observed  electromotive  forces. 


Mots  Ha  per 
1000  cc.  soltttion. 

0.50345 
0.3346 
0.09999 
0.03324 


ture.       pressure.            time.     Std.  cell. 

Cell  I. 

Celin. 

ceum. 

CeUIV. 

Add  content:  4.484  mols  HCl  per  1000  g. 

water. 

24.96 

74.95 

0 

1. 0192  7 

0.15494 

0.15494 

0.15494 

0.15494 

24.96 

74.86 

3:20 

I. 01927 

0.15497 

0.15497 

0.15497 

0.15497 

35.02 

73.14 

5:08 

1 .01926 

0.15085 

0.15083 

0.15080 

0.15077 

35.03 

73.14 

6:05 

1. 01926 

0.15084 

0.15083 

0.15081 

0.15078 

17.81 

75.62 

7:35 

1 .01927 

0.15763 

0.15762 

0.15763 

0.15766 

18.31 

75.74 

9:50 

1 .01927 

O.15751 

0.15752 

0.15751 

0.15756 

kdd  content:  1.9278  mols  HCl 

per  1000  g. 

water. 

35.02 

71.85 

0 

I. 0193 I 

0.23250 

0.23242 

0.23243 

0.23244 

35.00 

71.85 

0:40 

I. 01928 

0.23251 

0.23244 

0.23243 

0.23246 

25.01 

73.62 

1:50 

I. 01929 

0.23566 

0.23559 

0.23562 

0.23564 

25.00 

73.62 

2:30 

I .01929 

0.23567 

0.23562 

0.23563 

0.23566 

17.99 

74.43 

3:50 

1 .01926 

0.23758 

0.23753 

0.23754 

0.23757 

18.00 

74.43 

4.30 

I. 01928 

0.23761 

0.23755 

0.23756 

0.23759 

25.00 

73.90 

10:30 

I .01933 

0.23569 

0.23564 

0.23565 

0.23568 

25.01 

73.81 

13:55 

1 .01930 

0.23569 

0.23564 

0.23565 

0.23568 

Add  content:  1.0381  mols  HCl 

per  1000  g. 

water. 

17.93 

74.87 

0 

I. 02 156 

0.27984 

0.27982 

0.27978 

0.27982 

25.01 

74.04 

1:50 

I .01930 

0.27794 

0.27789 

0.27786 

0.27788 

25.01 

7405 

2:40 

I. 01940 

0.27793 

0.27791 

0.27789 

0.27793 

35.00 

72.21 

3:25 

1.01921 

0.27552 

0.27546 

0.27546 

0.27551 

35.00 

72.21 

4:00 

I. 01928 

0.27549 

0.27545 

0.27544 

c. 27548 

[ 
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Tempera- 
ture. 


24.98 
24.99 
35.00 
3500 
z8.00 
18.01 

18.00 
18.00 
24.96 
24.96 
35.00 
34.99 

25.02 
25.02 
35.02 
35.01 
17.87 
17.89 
17.89 

25.00 
17.86 

17.95 
18.05 
35.00 
35.15 

25.04 
25.10 
35.00 
35.02 
17.81 
17.91 

18.03 
18.06 
24.99 

24.99 
35.02 
35.02 

25.00 
35  00 
35.00 


droffen 


Tabes  IV  (conUnued). 

Observed  electromotive  forces. 

Elapsed    * 

time.    8td.  cell. 


Cell  I.  Cell  IL  CeU  III. 

Add  content:  0.77137  mol  HCl  per  1000  g.  water. 


74.68 
74.63 
72.71 
72.44 
75." 
75.09 

75.08 

74.94 
74.06 
74.02 
72.16 
72.20 

73.87 
74.23 
72.16 
.72.19 
74.85 
74.82 
74.82 

74.56 
75.42 
75.42 
75.42 
72.48 
72.48 


o  1.01919  0.29573  0.29561  0.29564 

2:10  I. 01926  0.29572  0.29561  0.29564 

4:55  I. 01 929  0.29373  0.29369  0.29367 

7:30  I. 01924  0.29373  0.29366  0.29359 

9:30  I. 01922  0.29663  0.29657  0.29654 

10:35  1. 01950  0.29672  0.29666  0.29663 

Add  content:  0.50948  mol  HCl  per  1000  g.  water. 


o 
1:30 
4:55 
6:15 
7:30 
8:30 


I. 01928 
I. 01926 

1. 01928 

1. 01929 
I. 01929 
I .01929 


0.31921 
0.31921 

0.31857 
0.31858 
0.31726 
0.31727 


0.31914 
0.31913 
0.31850 
0.31851 
0.31722 
0.31721 


0.31907 
0.31907 
0.31846 
0.31847 
0.31713 
0.31712 


Add  content:  0.33757  mol  HCl  per  1000  g.  water. 

0x930   0.33827   0.33831   0.33832 


o 
1:00 
1:35 
2:55 
4:00 

4:35 
5 '.OS 


I. 01932 
I. 0193 I 

1 .01929 

1. 01 930 
1 .01927 
1. 01929 


0.33830 
0.33753 
0.33752 
0.33837 
0.33848 
0.33850 


0.33833 
0.33756 
0.33754 
0.33840 
0.33849 
0.33851 


0.33834 
0.33753 
0.33752 
0.33844 
0.33853 
0.33853 


Add  content:  0.10040  mol  HCl  per  1000  g.  water. 


o 
8:00 
8:26 
8:52 

19:45 
20:25 


.0x995 
.01925 
.01928 
.0x928 
.01961 
.01934 


0.39917 
0.39781 
0.39783 
0.39787 
0.39982 
0.39981 


0.39919 
0.39782 

0.39787 
0.39789 
0.39990 
0.39984 


0.39912 
0.39774 
0.39777 
0.39777 
0.39984 
0.39979 


Add  content:  0.0333x5  mol  HCl  per  xooo  g.  water. 

74.25             o      X. 0x972      0.45265      0.45287  0.45283 

74.17        1:00      1.0x930      0.45248      0.45270  0.45266 

72.36        2:50      X.  01927      0.45507      0.45527  0.45520 

72.44        4:xo      I. 01929      0.455x6      0.45535  0.45528 

75.19        7:xo      1.0x930      0.45018      0.45036  0.45036 

75.23  8:xo       X. 0x926      0.4502X       0.45038  0.45038 
Add  content:  o.oioox  mol  HCl  per  1000  g.  water. 

75.10              o       1.0x930      0.52732      0.52731  0.52709 

75.21         1:05       1.0x928      0.52743      0.52742  0.52717 

74.48        3:45       i.oio38      0.53x73      0.53x82  0.53x45 

74.47        9.15       1.0x933      0.53034      0.53034  0.52985 

72.60       12:25       1.0x933      0.53671       0.53681  0.5362X 

72.58       X3:30       X. 0x927       0.53664      0.53672  0.53613 

Add  content:  0.00333  mol  HCl  per  xooo  g.  water. 

74.24  o  I. 01932  0.80798  0.81x48  0.79777 
72.40  1:30  1.0x935  0.8x592  0.8x594  0.80585 
72.40        2:25       I.OX93X       0.8x596      0.816x7  0.80577 


CelllV. 

0.29570 
0.29568 
0.29369 
0.29366 
0.29662 
0.29669 

0.31917 
0.31918 
0.31853 

0.31855 
0.3x718 

0.31719 

0.33831 
0.33832 
0.33752 
0.33751 
0.33842 
0.33851 
0.33852 

0.399" 
0.39775 
0.39778 
0.39780 
0.39986 
o.39S)8o 

0.45283 
0.45267 
0.45522 
0.45530 
0.45038 
0.45040 

0.52742 
0.52756 
0.53242 
0.53080 
0.53746 
0.53741 

0.79982 

0.80439 
0.80398 


Digitized  by 


Google 


752 


JASCES  H.   BLI.IS. 


In  Table  V  are  summarized  the  final  values  of  the  electromotive  force 
of  the  hydrogen-calomel  cell  for  a  hydrogen  pressure  of  exactly  one  atmos- 
phere, for  temperatures  of  exactly  i8,  25,  or  35 ^  and  at  the  indicated 
concentrations  of  hydrochloric  add.  The  values  here  given  are  the 
means  for  the  fotu-  cells,  the  last  made  measurements  being  used  in  each 
case,  and  these  being  corrected  as  described  at  the  beginning  of  this 
section.  In  this  table  and  in  the  following  ones  values  at  small  con- 
centrations which  are  seriously  affected  by  the  unreUability  of  the  calomel 
electrode  referred  to  above  (at  the  end  of  Section  3(6))  are  enclosed  within 
parentheses. 

Tablb  V. — Summary  of  thb  Blbctromotivb  Porcbs  op  ths  C8U<s  and  thbir 
Tbmpbraturb  Cobfpicibnts. 

Electromotive  force. 


Mols  Ha  in 
000  g.  water. 

At  18*. 

At  25*. 

At  33*. 

10«a». 

IWfc. 

4.484 

0.15759 

0.15506 

0.15 124 

-2384 

-7.8a 

1.9278 

0.23769 

0.23589 

0.23304 

— 1137 

-7.06 

I. 0381 

0.27919 

0.27802 

0.27595 

-^3 

-8.a3 

0.77137 

0.29654 

0.29571 

0.2941 I 

-460 

—  g.ao 

0.50948 

O.31912 

0.31865 

0.31765 

—253 

—  6.00 

0. 33757 

0.33845 

0.33836 

0.33794 

—75 

-4.96 

0.10040 

0.39764 

0.39884 

0.40013 

+386 

-6.47 

0.03332 

0.45020 

0.45258 

0.45557 

+715 

—  5.47 

O.OIOOI 

(0.5271) 

(0.5302) 

(0.5369) 

(+1010) 

(+36.10) 

0.003333 

(0.8040) 

(0.8105) 

Prom  these  values  of  the  electromotive  force  there  have  been  derived 
equations  expressing  it  as  a  temperature  function  for  each  concentration 
of  add.    These  equations  are  of  the  form 

E^^  Eu  [1  +  au(t  — 25)  +  fit,  {t  —  25)«]. 

The  values  of  lo*  a»  and  lo*  ^  are  given  in  the  last  two  columns  of 
Table  V.  These  values  of  a  give  a  good  curve  when  plotted  against 
the  logarithm  of  the  concentration,  and  are  probably  reliable;  but  the 
values  of  fi  exhibit  only  faint  traces  of  regularity,  owing  to  the  fact  that 
they  are  too  small  to  be  accurately  determined. 

5.  Decrease  in  Free  Energy^and  in  Heat  Content  Attending  the 

Cell  Reaction. 

Since  on  the  passage  of  two  faradays  through  the  cell  the  change  in 
state  H2  (i  atm.)  +  HgjCl,  (solid)  =  2Hg  (Uquid)  +  2  HCl  (at  c)  takes 
place,  the  free-energy  decrease  accompanying  this  reaction  at  any  tem- 
perature and  concentration  is  obtained  by  mtdtiplying  the  corresponding 
electromotive  force  by  2  X  96500. 

If  the  free-energy  decrease  at  any  of  these  concentrations  is  expressed 
by  a  temperature  function  of  the  same  form  as  that  used  for  electro- 
motive force,  the  temperature  coefficients  ass  and  fin  will  have  the  same 
values  as  they  had  in  the  electromotive  force  function. 
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Moreover,  the  decrease  of  heat  content  attending  the  change  in  state 
at  25^  may  be  calculated  from  a»,  the  temperature  coefficient  of  the 
dectromotive  force,  by  the  aid  of  the  fundamental  thermod3mamic 
equation  d/dT  ( — AF/T)  =  AH/T^.  On  substituting  in  this  equation 
the  expression  for  — AF  as  a  temperature  function  for  any  given  con- 
centration, performing  the  indicated  differentiation,  and  rearranging  the 
terms,  there  is  obtained 

— AHu  «=  — AFu  (i  —  298  ou). 

Table  VI  contains  the  so  calculated  values  of  the  free-energy  decrease 
and  also  of  the  heat-content  decrease  in  joules. 

Table  VI. — Dbcrsass  in  Frbe  Energy  and  m  Heat  Content  Attending  Tmt  Csu. 

Reaction. 

Pree  energy  decreue. 


IsHClper 
)0  g.  HtO. 

At  IS^. 

At  25  •. 

At  3S» 

Heat  decreste. 
at  25«. 

4.484 

30415 

29927 

29190 

51187 

1.9278 

45874 

45527 

44977 

60952 

I .0381 

53884 

53657 

53257 

64260 

0.7714 

57232 

57072 

56762 

64896 

0.5095 

61590 

61500 

61307 

66137 

0.3376 

65322 

65303 

65222 

66766 

0.10040 

76745 

76977 

77224 

68124 

0.03332 

86888 

87348 

87925 

68734 

O.OIOOI 

(101740) 

(102330) 

(103630) 

(71530) 

0.00333 

(155170) 

(156430) 

The  value  of  AH  at  25^  and  o.i  molal  HCl  calculated  from  the  electro- 
motive forces  may  be  compared  with  that  derived  directly  from  thermo- 
chemical  measurements.  The  heat  of  formation  of  i  H^Cls  is  62,600 
cal.  (NemstO,  62,640  cal.  (VaretO,  65,210  cal.  (Thomsen^),  62,900 
(Koref*),  63,675  cal.  (Wolff*),  and  62,650  (PoUitzer^),  the  mean  of  these 
values,  omitting  Thomsen's,  being  62,890  cal.  The  heat  of  formation  of 
I  HCl  (gaseous)  is  22,000  cal.  according  to  Thomsen  and  Berthelot. 
The  heat  of  solution  of  i  HCl  in  20  HfO  is  according  to  Thomsen^  16,760 
cal.  By  plotting  the  values  of  the  heat  of  dilution  determined  by  Thom- 
sen,* Steinwehr,^  and  Richards,^  it  has  been  found  that  the  heat  of  dilu- 
tion of  1HCI.20H2O  to  I  HCI.555H2O  (where  the  HCl  is  o.i  molal)  is  590 
cal.,'. making  the  heat  of  solution  of  i  HCl  in  555  HiO  17,350  cal.     From 

>  LandoU-Bdmstein  TabeUen,  4th  Ed.,  p.  869. 
'  Z.  Electrochem,,  18,  818  (1912). 

•  Ibid,,  30,  19  (1914)- 

*  Ibid.,  19,  513  (1913). 

■  Landolt-Bomstein  TabeUen,  4th  Ed.,  p.  885. 

•  Z,  physik.  Chem.,  38,  185  (1903). 
'  This  Journai,,  32,  1776  (1910). 

*  In  order  to  enable  this  plot  to  be  readily  reconstructed,  it  may  be  stated  that  the 
heats  of  dilution  of  iHC1.2oHsO  corresponding  to  the  curve  best  representing  the  re- 
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the  plot,  by  drawing  a  tangent  to  the  curve  at  the  proper  point,  the  heat 
of  solution  of  I  H2O  in  an  infinite  amount  of  HCI.555HSO  was  determined 
to  be  0.104  cal.,  the  corresponding  value  of  the  heat  of  solution  of  555  HtO 
being  58  cal.  This  gives  for  the  heat  of  solution  of  i  HCl  in  an  infinite 
amount  of  HCI.555H8O  the  value  17,290  cal.^  From  these  values  we  get 
for  the  decrease  in  heat  content  attending  the  reaction  H2  +  HgtCls  = 
2Hg  +  2HCI  (at  o.i  molal)  the  value  15,690  cal.  The  value  of  the  de- 
crease in  heat  content  derived  from  the  electromotive  force  data  and  given 
in  Table  VI  is  68,124  joules,  corresponding  to  16,290  cal.  The  agree- 
ment is  probably  as  close  as  the  accuracy  of  the  thermochemical  data 
permits. 

6.  Decrease  in  Free  Energy  and  in  Heat  Content  Attending  the  Transfer 
of  Hydrochloric  Acid  from  Any  Concentration  to  o.iooo  MolaL 
From  the  energy  effects  attending  the  reduction  of  calomel  by  hydrogen 
with  formation  of  hydrochloric  acid  at  various  concentrations  we  can,  by 
simple  subtraction,  obtain  the  energy  effects  attending  the  transfer  of 
hydrochloric  acid  from  a  solution  of  one  concentration  into  one  of  another 
concentration.  It  seems  best  to  adopt  o.iooo  molal  as  the  concentration 
of  reference,  as  this  is  the  smallest  concentration  at  which  the  electro- 
motive forces  are  apparently  still  entirely  free  from  error.  The  decreases 
in  free  energy  and  in  heat  content  attending  the  cell  reaction  have  there- 
fore been  first  calculated  for  this  round  concentration  from  empirical 
equations  expressing  the  electromotive  forces  at  the  three  neighboring 
concentrations,  0.3376,  0.10040,  and  0.03332  molal,  at  each  of  the  three 
temperatures.  In  this  way  the  following  values  (in  volts  and  joules) 
for  the  cell  reaction  at  the  concentration  o.iooo  were  obtained. 

Temperature.  18«.  25«.  M*. 

Blectromotive  force 0.39783  0.39904  0.40033 

Free-energy  decrease 76782  77015  77263 

Heat-content,  decrease ...  68134 

By  subtracting  from  these  values  of  the  free-energy  decrease  and  heat- 
content  decrease  those  given  in  Table  VI  and  dividing  by  2,  values  for  the 
free  energy  of  transfer  and  heat  of  transfer  of  i  HCl  from  any  concentra- 

suits  of  the  three  investigators  were  as  follows:  to  iHC1.3oHsO,  192  cal.;  to  iHC1.5oHsO, 
336  cal.;  to  iHCl.iooHsO,  445  cal.;  to  iHC1.20oHsO,  515  cal.;  to  1HCI.400H1O, 364  cat.; 
to  iHCl.SooHsO,  605  cal.;  to  1HCI.2000H2O,  646  cal. 

do  do  ... 

*  This  follows  from  the  relation  c-r;-  +  555  e— =    =  Qq     in  which  the  partial 

OiVA  civw 

derivatives  represent  the  "partial"  heats  of  solution  of  one  mol  of  the  add  (A)  and 
water  (W),  respectively,  and  Ql^^  represents  the  heat  of  solution  of  i  HCl  in  555  HjO. 
This  relation  follows  from  the  fact  that  the  solution  iHC1.555HtO  may  be  produced 
either  by  mixing  directly  the  two  constituents  i  HCl  and  555  HsO  or  by  introducing 
them  in  succession  into  an  infinite  quantity  of  solution  of  this  composition. 
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tion  to  the  conGentration  o.iooo  nudal  were  obtained.    These  values 
expressed  in  joules  are  given  in  Table  VII. 

Tabls  VII. — ^Dacrsash  m  Frbs  Hnqrgy  and  m  Hbat  Contbnt  AmtNDmo  thA 

TRANSVBR  of   I   HCl  FROM  ANY  CONCBNTRATION .TO  O.IOOO  MoLAL. 


Omc.  HO. 

— AFi.. 

— AF*, 

— AF». 

— Aff». 

10<a. 

10^. 

4.484 

23184 

23544 

24037 

8474 

2149 

5*5 

1.9278 

15454 

15744 

16143 

3591 

2591 

5.5 

I .0381 

"449 

1 1679 

12003 

1937 

2790 

2.2 

0.77137 

9775 

9971 

10250 

1619 

2811 

1.3 

0.50948 

7596 

7757 

7978 

999 

2924 

8.0 

0.33757 

5730 

5856 

6021 

684 

2963 

15.0 

O.IOOOO 

0 

0 

0 

0 

. . 

0.033315 

—5053' 

-5167^ 

—5331* 

300 

3161 

7.3 

O.OIOOI 

(—12477) 

(—12657) 

(-I3183) 

(—1700) 

(2904) 

The  variation  of  the  free  energy  of  transfer  with  the  temperature  may 
be  expressed  for  (^ch  concentration  of  add  by  equations  of  the  form 

(-AFdc  -  (-AFw),  [I  +  a(t  -  25)  +  bit  —  25)*]; 
where  ( — ^AFjb)^  means  the  free-energy  decrease  attending  the  transfer 
of  I.  HCl  at  25^  from  concentration  c  to  concentration  o.iooo  molal. 
The  values  of  these  coefficients  a  and  b  (multiplied  by  10*)  are  given  in 
the  last  two  columns  <rf  Table  VII. 

The  values  of  a  just  given  would  be  equal  to  i/T  or  0.00335,  ^  the 
change  in  heat  content  accompan3ring  the  transfer  of  i  HCl  from  one 
concentration  to  another  were  zero,  as  would  be  the  case  if  the  hydro- 
chloric acid  were  a  perfect  solute.  The  values  of  a  approach  this 
theoretical  value  as  the  acid  concentration  decreases,  but  they  are  still 
far  from  it  even  for  the  two  lower  concentration  intervals  0.3376  to  o.iooo 
and  o.iooo  to  0.03332.  Correspondingly  the  values  of  the  change  in  heat 
content  are  still  large  for  these  two  concentration  intervals. 

These  heats  of  transfer  may  be  compared  with  values  of  the  saine 
quantity  computed  from  the  calorimetric  measurements  made  by  Thom- 
sen,  Steinwehr,  and  Richards  mentioned  near  the  end  of  Section  5.  From 
the  curve  there  referred  to  were  read  off  values  of  the  heat  change  on  adding 
a  definite  amount  of  water  to  a  definite  amount  of  HCl  solution  of  a  given 
concentration.  From  tangents  drawn  to  the  curve  the  heat  changes  on 
adding  i  mol  H«0  to  an  infinite  amount  of  various  HCl  solutions  (the 
so-called  partial  heat  of  solution  of  water)  were  obtained.  Prom  these 
two  quantities  the  heats  of  transfer  of  i  HCl  into  a  solution  containing 
I  HCl  in  10  Uters  of  water  from  solutions  containing  i  HCl  in  0.494  liter, 
1.30  liters,  and  2.965  liters  of  water  were  calculated  to  be  990,  279,  and 
117  calories,  respectively.    The  electromotive  forces  of  this  article  lead 

^  It  seems  not  improbable  that  these  values  are  about  130  joules  too  large 
(arithmetically),  judging  from  the  magnitude  of  the  error  at  the  two  lowest  concentra- 
tions. 
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to  the  values  859,  387,  and  164  calories  for  the  same  heats  of  transfer. 
The  agreement  is  probably  as  good  as  can  be  expected  from  the  data. 
7.  Relatiye  Activities  of  the  Ions  of  the  Add  at  Various  Concentrations. 

From  the  values  for  the  free  energy  of  transfer  of  hydrochloric  add  the 
relative  activities  of  the  hydrogen  ion  and  chloride  ion  in  different  solu- 
tions may  be  calculated  by  the  equation  — AF  —  2  RT  log  (ciai/doi). 
In  this  equation  — AF  is  the  free  energy  of  transfer  of  i  HCl  from  con- 
centration ci  to  concentration  Ci,  and  the  symbols  ai  and  at  represent 
the  coeffidents  by  which  it  is  necessary  to  multiply  the  concentration 
of  the  add  in  any  solution  in  order  to  obtain  the  activity  of  the  hydrogen 
ion  or  chloride  ion  in  the  solution.  This  quantity  a  will  be  called  the 
activity  coeffident.  This  equation  involves  the  asstunption  that  the 
activity  of  the  hydrogen  ion  is  equal  to  that  of  the  chloride  ion  in  each 
of  the  hydrochloric  add  solutions.  If  this  assumption  is  not  valid,  the 
calculated  values  of  a  represent  the  square  root  of  the  product  of  the 
activities  of  the  two  ions. 

The  values  calculated  by  this  equation  for  the  ratio  (a/ao.i)  of  the 
activity  coeffident  of  the  add  at  any  concentration  c  to  that  at  the  con- 
centration o.iooo  molal  at  i8»  25,  and  35^  are  given  in  Table  VIII. 
TABue  VIII. — ^Relativb  Acnvmr  Cobfpicibnts  of  Hthrocbloric  Acn>. 

Activity  oocficinit  rmtiot  (jet/a^^. 


lis  xiva  pcr 
Mi.  HiO. 

At  18*. 

At  25  •. 

At  35*. 

4.4S4 

2.647 

2.571 

2.424 

1.928 

1.260 

1. 241 

1.209 

1.038 

X.O24 

1. 017 

1. 001 

0.7714 

0.975 

0.970 

0.957 

0.5095 

0.942 

0.939 

0.931 

0.3376 

0.967 

0.966 

0.959 

O.IOOOO 

1. 000 

1. 000 

1. 000 

0.03332 

X.O57 

1.058 

1. 061 

O.OIOOI 

(0.779) 

0.003333 

(0.OI13) 

8.  Combination  of  the  Free  Energy  Values  with  those  Derivable  front 
Other  Electromotive-Force  Measurements. 
The  results  here  presented  can  not  be  compared  with  those  of  Jahn  or 
of  Tolman  and  Ferguson  because  their  measurements  relate  to  a  range  of 
concentrations  bdow  o.i  molal.  By  combining,  however,  my  results 
with  the  apparently  very  accurate  ones  of  Jahn  a  series  of  free  energy 
values  for  hydrochloric  add  in  solution  can  be  obtained  extending  from 
0.00167  to  4.48  molal.  The  free-energy  decrease  in  joules  attending^ 
the  transfer  of  i  HCl  at  18°  from  0.03336  molal  (the  highest  concentra- 
tion used  by  Jahn)  to  various  lower  concentrations  c  have  been  calculated 
by  me  from  the  dectromotive  forces  and  the  cation  transference  munber 
(0.826)  given  by  Jahn.    By  adding  to  these  values  5039  joules  (whick 
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is  equal  to  the  quantity  (5053  joules)  given  in  Table  VII  for  the  transfer 
from  o.iooo  to  0.03332  molal  plus  the  quantity,  — 14  joules,  calculated 
for  the  transfer  from  0.03332  to  0.03342  molal),  the  free  energy  of  transfer 
of  I  HCl  at  18°  from  o.iooo  molal  to  various  lower  concentratioas  is  ob- 
tained. 

The  values  so  found  are  given,  expressed  in  joules,  in  Table  IX.  The 
concentrations  have  been  calculated  over  from  the  volume  concentrations 
used  by  Jahn  to  mols  HCl  pec  1000  g .  water. 

TaBL«  DC. — ^Th8  FuCB  EnSROT  ATTBNDING  YH8  TKAMSPBR  at  iS**  of  I  HCl  FROM 

0.1000  Molal  to  Vaxxoos  Small  Concsntrations. 


Mol«  HCl  per 
1000  g.  HiO. 

0.03342 

0.01668 

O.OIII5 

0.00832 


Free-energy 


5039 
8224 
10084 
"447 


Mols  HO  per 
1000  g.  HsO. 

0.006683 

0.005569 

0.003334 
0.001667 


Free-energy 
decreMC. 

12472 

13325 

15717 

19031 


By  combining  the  values  of  the  free-energy  decrease  attending  the  cell 
reaction  given  in  Table  VI  with  the  free-energy  decrease  attending 
the  reaction  2Hg  +  Cls  (i  atm.)  »  HgsClt  (solid)  one  may  obtain  the 
free  energy  of  i  HCl  (referred  to  its  elements)  in  solution  at  the  various 
concentrations  and  temperatures.  Now  Lewis  and  Rupert^  found  the 
electromotive  force  of  the  cell  Hg  +  HgsCls,  HCl  (o.i  M.),  Cli  (i  atm.) 
to  be  1.0896  volts  at  25**.  The  free  energy  of  formation  of  i  HgsClt  at 
25**  is  therefore  — 50,250  cal.  With  the  aid  of  its  heat  of  formation 
( — 62,890  cal.)  its  free  energy  of  formation  is  found  to  be  — 50,510  cal. 
at  18**  and  — ^49,860  cal.  at  35**. 

Table  X  contains  the  values  calculated  in  this  manner  for  the  free  energy 
in  calories  of  i  HCl  in  solution,  the  free  energies  of  its  elements  being 
regarded  as  zero  at  each  temperature. 

TaBLB  X. — ^PWA  EnBRGY  of  I  HCl  in  SOI^UTION  at  VaJUOUS  CONCSNTEATXONS  AMD 

Tbmpsratuiuss. 

Free  energy  in  calories. 


»l8  HCl  per 
00  g.  HtO. 

At  I80. 

At  25". 

At3S: 

Mols  Ha  per 
1000  g.  HsO. 

Free  encrg 
at  18* 

4.484 

— 28890 

— 28700 

— 28410 

0.01668 

—36410 

1.9278 

—30750 

—30570 

—30300 

O.OIII5 

— 36850 

1 .0581 

31700 

31540 

—31290 

0.008324 

—37180 

0.7714 

— ^32100 

—31950 

31710 

0.006683 

—37430 

0.5095 

— ^32620 

—32480 

—32250 

0.005569 

—37630 

0.3376 

—33070 

—32930 

— ^32720 

0.003334 

— ^38200 

O.IOOO 

—34440 

—34330 

—34160 

0.001667 

—38990 

0.03332 

35650 

35570 

—35440 

This  table  might  be  extended  so  as  to  include  more  concentrated  solu- 
tions with  the  aid  of  Dolezalek's'  measurements  of  the  electromotive 

*  Tms  JoxjBJJAL,  33i  305  (191 1). 
«  Z.  physik.  Chem.,  26,  334  (1898). 


Digitized  by 


Google 


758  JAMES  H.  WLUS. 

force  of  cells  Hi,  HCl  (4.98  to  12.25  normal),  C7i.  However,  as  his 
measurements  were  at  30®  and  as  his  electromotive  forces  were  not  re- 
producible closer  than  6  millivolts,  this  reference  to  them  will  be  sufficient. 
By  combining  these  free  energies  with  vapor-pressure  data  it  would  be 
possible  to  obtain  also  the  free-energy  content  of  hydrogen  chloride  gas 
at  any  pressin-e.  Such  data  have  been  obtained  by  Gahl^  at  the  acid 
concentrations  involved  in  this  investigation;  but  calculation  shows  that 
Gahl's  results  do  not  agree  well  with  the  electromotive-force  data  above 
presented.  He  gives  0.0094  and  0.00117  nun.  mercury  as  the  partial 
pressures  at  25^  of  HCl  in  the  solutions  containing  4.007  and  2.01 1  mols 
HCl  per  1000  g.  water.  From  these  vapor  pressiu-es  the  free  energy  of 
transfer  of  HCl  from  4.007  molal  to  2.01 1  molal  is  found  by  the  equation 
— AF  =  R  T  log  (940/117)  to  be  5170  joules.  Interpolation  from  the 
electromotive-force  measurements  gives  6280  joules  for  the  same  free- 
energy  decrease.  Since  Gahl's  results  at  higher  concentrations  are  also 
discordant  with  those  of  Dolezalek,*  it  is  doubtful  whether  they  are 
accurate  enough  to  warrant  the  calculation  of  the  free  energy  of  gaseous 
hydrogen  chloride  from  them. 

9*   Discussion  of  the  Activity  Coefficients  of  Hydrochloric  Add  and 

Potassium  Chloride. 

From  the  free-energy  values  derived  from  Jahn's  measurements  we 
can  calculate  in  the  same  way  as  was  done  above  the  relative  activity 
coefficients  of  the  add  at  various  concentrations;  and,  by  combining  these 
with  the  activity  coefficients  presented  in  Table  VIII,  a  series  of  relative 
activity  coefficients  extending  from  0.00167  to  4.484  molal  is  obtained. 
Assuming  provisionally  that  at  this  lowest  concentration  the  activity 
coefficient  is  substantially  equal  to  the  so-called  ionization-coeffident 
derived  from  the  conductance  ratio,  a  series  of  absolute  activity  coeffi- 
dents  may  be  calculated.  This  asstunption,  to  be  stu-e,  probably  intro- 
duces a  considerable  error;  for  Jahn's  data  indicate  that  the  activity 
coeffident  continues  to  increase  more  rapidly  than  the  conductance  ratio 
even  bdow  the  concentration  0.00167,  which  would  make  all  the  activity 
coeffidents  considerably  smaller  than  those  calculated.  Any  attempt 
to  extrapolate  would,  however,  be  so  arbitrary  that  it  has  not  been  at- 
tempted at  this  time,  and  the  stated  assumption  has  been  employed 
provisionally. 

The  values  of  the  activity  coeffidents  at  18°  so  calculated  and  inter- 
polated for  roimd  concentrations  are  given  in  Table  XI.  In  this  table 
in  a  neighboring  column  are  given  also,  for  the  sake  of  comparison,  values 
of  the  conductance- viscosity  ratio  Ai;/Aoi?o   at  the  same  concentrations. 

*  Z,  physik.  Chem,,  33,  178  (1900). 
«  Ibid.,  26,  334  (1898). 
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The  values  employed  up  to  0.2  molal  are  those  of  Bray  and  Hunt^  as 
corrected  for  viscosity  by  Noyes  and  Falk,*  and  those  at  the  concentra- 
tions 0.5  and  i.o  molal  are  based  on  the  data  of  Kohlrausch'  and  the 
viscosity  determinations  of  Reyher.* 

Tablb  XI.— Acnviry  Cobivicibnts  and  Conductancs  Viscosmr  Ratios  for 
Hydrochloric  Acid  at  iS"*. 


[ols  HCl  per 
000  g.  HiO. 

Activity 
cocnicidi  ta 

Af/AoHo. 

0.001677 

0.988 

0.988 

0.002 

0.987 

0.988 

O.OC5 

0.971 

0.981 

O.OIO 

0.947 

0.972 

0.020 

0.918 

0.962 

0.050 

0.874 

0.944 

O.IOO 

0.843 

0.925 

lifoteHClper    Activity 
1000  g.  IbO.  coeficient. 

An/Aofo. 

0.20           0.818 

0.909 

0.30           0.804 

0.903 

0.50           0.793 

0.890 

0.73            0.820 

0.870 

I. 00           0.857 

0.845 

2.00            1.086 

4.484         2.228 

It  will  be  seen  that  with  increasing  concentration  the  activity  coeflS- 
dent  first  falls  much  more  rapidly  than  the  conductance-viscosity  ratio, 
the  two  values  at  o.i  molal  being  0.843  and  0.925.  The  activity  coeflBi- 
dent,  however,  tmlike  the  conductance-viscosity  ratio,  passes  through  a 
minJTnum  at  about  0.50  molal,  and  then  increases  rapidly  with  the  con- 
centration, becoming  about  equal  to  that  ratio  at  i  molal,  and  attaining 
at  4.48  molal  a  value  2.23  times  as  great  as  that  at  zero  concentration. 

It  is  of  interest  to  compare  the  activity  coeffidents  of  hydrochloric 
add  with  those  of  potassium  chloride  at  25^  derived  from  the  accurate 
dectromotive-force  measurements  of  Maclnnes  and  Parker.^  The 
reliabiUty  of  thdr  results  is  evidenced  by  the  fact  that  their  two  series 
of  measurements  made  with  cells  of  the  two  types  Ag  +  AgCl,  KCl(ci), 
KCKca),  AgCl  +  Ag,  and  Ag  +  AgCl,  KCl(ci),  K«Hg,  KClfe),  Ag  +  AgCl 
gave  dosdy  concordant  results,  and  that  their  results  agree  weU  with  those 
obtained  by  Jahn  at  i8**.  The  dectromotive  force  values  obtained  by 
Maclnnes  and  Parker  have,  for  the  sake  of  comparison,  been  treated  in  the 
same  way  as  have  those  obtained  in  this  investigation.  Namely,  the 
free-energy  decrease  attending  the  transfer  of  i  HCl  from  concentration 
Ci  to  concentration  c%  was  calculated  from  them,  using  as  the  cation- 
transference  number*  0.497  for  concentrations  up  to  o.i  normal  and 
0.495  ^or  the  concentration-interval  0.05-0.5.  Then  the  corresponding 
activity-coeffident  was  calculated  firom  them  by  the  usual  logarithmic 
formula,  making  the  same  provisional  assumption  as  Maclnnes  and 
Parker  made  in  their  own  calculations  of  the  activity  coeffidents,  namely, 

*  This  JouBJJAt,  33,  787  (i9")- 
« Ibid.,  34,  475  (1912). 

*  LandoU-BQmstein  TabeUen,  4th  Bd.,  p.  1104. 

*  Z.  physik.  Chem.,  2,  744  (1888). 

»  Tms  Journal,  37i  1445-1461  (1915). 

*  Noyes  and  Palk,  Ibid.,  34,  474  (1912). 
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that  the  activity  coefficient  and  conductance  ratio  are  identical  at  0.001 
molal,  the  smallest  concentration  employed. 

The  results  are  presented  in  Table  XII.  The  type  of  cell  by  means 
of  which  they  were  derived  is  indicated  by  the  letters  A  and  B,  A  re- 
ferring to  the  simple  concentration  cell  with  silver-silverchloride  elec- 
trodes, and  B  to  the  double  cell  with  amalgam  electrodes. 

Tabls  Xlt. — ^KSB  Energy  op  Transfer  op  Potassium  Chloride  and  Its  Aenvrnr 

COEPPICIBNTS. 


Concentration. 

^                       *                        s  _  _  __ 

«i.                        ct.  cell.  decreaseT'     coefficient  at  ci.          ratio  at  a. 

0.50               0.05                A  10360 


Type  of        Pree-energy  Activity  Conductance 

:ient  at  ci.  ratio  at  a 

0.636  0.779 


0.727  0.860 

0.781  0.889 


B  10440 

o.io      o.oi      A  10510 

B  10485 

0.05       0.005      A  10700 

B  10630 

0.01  o.ooi  B  10870  0.876  0.941 

0.005  0.911  0.956 

O.OOI  (0.979)  0.979 

Maclnnes  and  Parker  have  already  drawn  from  their  data  the  more 
essential  conclusions;  but  this  table,  especially  when  considered  in  con- 
nection with  Tables  IX  and  XI  for  hydrochloric  add,  brings  out  clearly 
certain  relations.  In  the  first  place  it  shows  the  dose  agreement  of  the 
results  obtained  by  Maclnnes  and  Parker  with  the  two  types  of  cells. 
Then  it  shows  that  even  for  the  lowest  ten-fold  concentration  interval 
the  free-energy  decrease  (10,870  for  KCl,  10,810  for  HCl)  is  still  far  from 
the  value  (11,420  joules)  for  a  completdy  ionized  perfect  solute,  and  that 
correspondingly  the  activity  coeffident  still  changes  considerably  during 
that  interval,  namdy,  by  over  10%  for  both  substances.  It  shows 
further  that  with  potassium  chloride^  as  with  hydrochloric  add,  the 
activity  coeffident  up  to  o.i  normal  decreases  much  more  rapidly  than 
the  conductance  ratio,  being  at  this  concentration  15%  lower  for  potas- 
sium chloride  and  9%  lower  for  hydrochloric  add.  It  shows  finally  that 
the  activity  coeffident  at  corresponding  concentrations  is  many  per  cent, 
smaller  for  potassium  chloride  than  for  hydrochloric  add,  thus  disproving 
the  assumption  sometimes  made  that  the  activity  coeffidents  of  these 
two  substances  can  be  regarded  as  equal. 

Finally,  a  comparison  may  be  made  between  the  values  of  the  activity 
coeffidents  of  potassium  chloride  derived  from  the  dectromotive-force 
measurements  and  those  derived  from  freezing-point  determinations 
by  the  method  recently  described  by  Bates.  ^  With  the  aid  of  the  laws 
of  thermodynamics  and  of  the  two  assumptions  that  the  two  ions'  in  the 
same  solutions  have  equal  osmotic  presstu-es  and  that  the  true  value 
^  This  Journal,  37i  1421-1445  (1915). 
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of  the  ionization  is  given  by  the  conductance-viscosity  ratio,  he  fotuid 
that  the  change  at  o°  of  the  osmotic  pressure  t  of  either  ion  with  its 
concentration  cy  is  expressed  in  the  case  of  potassium  chloride  by  the 
equation  dir/d{cy)  ^  RT  (i — 0.0552(^7)*^*^^^).  From  this  equation  and 
the  two  thermodynamic  relations 

""i  dr 

fn  cy  ^ctoti' 

supplemented  by  the  asstunption  that  the  activity  coefficient  a  ap- 
proaches unity  as  the  salt  concentration  c  approaches  zero»  the  activity 
coefficients  corresponding  to  Bates'  osmotic  pressure  calculations  are 
found  to  have  the  values  given  in  the  second  line  of  Table  XIII  while 
those  derived  from  the  electromotive-force  measurements  of  Maclnnes 
and  Parker  were  shown  in  Table  XII  to  have  the  values  recorded  in  the 
third  line  of  Table  XIII. 
Tablb  XIII. — Comparison  of  tbs  Acnvnr  CosivicibnT8  ov  Potassium  CmjaBmn 

D8BIV8D  mOM  F&K8ZINO-P0INT  AND  PROM  ELECTROMOTlV9-PORa|  MSASURSMENTS. 

Salt  concentration o.oi      0.05      o.io      0.50 

Activity  coefficient  (Bates) 0.884    0.773    0.732    0.640 

Activity  coefficient  (M.  &  P.) 0.876    0.781    0.7^7    0.636 

The  dose  agreement  throughout  the  whole  range  of  concentration  of 
the  two  sets  of  activity  values  based  upon  entirely  independent  experi- 
mental data  is  highly  remarkable.  If  confirmed  by  results  with  other 
substances  it  will  afford  proof  of  the  hypothesis  that  the  conductance 
viscosity  ratio  is  a  substantially  correct  measure  of  ion  concentration 
(though  not  of  ion  activity);  for,  as  stated  above,  Bates'  calculations  in- 
volve this  asstmiption,  while  the  calculations  from  the  electromotive 
forces  are  independent  of  it.  Unfortunately,  sufficiently  accurate  freezing- 
point  data  are  not  available  for  hydrochloric  add  to  enable  corresponding 
computations  to  be  made  in  the  case  of  this  substance. 

10.  Summary. 

In  this  artide  the  preparation  of  calomel  dectrodes  reprodudble  to 
0.05  millivolt  when  in  contact  with  hydrochloric  add  o  i  molal  or  higher 
has  been  described;  and  measurements  of  the  dectromotive  force  of  cells 
of  the  type  H2  (i  atm.),  HCl  solution,  Hg2Cl2+  Hgat  I8^  25**,  and35^ 
and  with  HCl  concentrations  from  0.033  to  4.5  molal  have  been  pre- 
sented (Table  V). 

From  these  electromotive-force  values  have  been  computed: 

1.  The  change  in  free-energy  content  and  in  heat  content  attending 
the  reaction  H2  (i  atm.)  +  Hg2Cl2  (solid)  «=  2Hg  (liquid)  -f-  2HCI  at 
various  concentrations  (Table  VI). 

2.  The  change  in  free-energy  content  and  in  heat  content  attending 
the  change  HCl  (at  Ci)  =  HCl  (at  Ca)  (Table  VII). 

3.  The  ratio  of  the  activities  of  the  hydrogen  ion  or  chloride  ion  in 
solutions  of  various  concentrations  (Table  VIII). 
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By  combining  these  results  with  those  derived  from  Jahn's  measure- 
ments of  the  electromotive  force  at  18°  of  cells  Ag  +  AgCl,  HCl(ci), 
HCKcj),  AgCl  +  Ag  the  series  of  free-energy  values  has  been  extended 
from  0.033  to  0.00167  molal  (Table  IX).  And  with  the  aid  of  calori- 
metric  data  and  an  electromotive  force  determination  of  the  cell  Hj, 
HCl,  Hg2Cl2  +  Hg  by  Lewis  and  Rupert,  the  absolute  free  energy  of  HCl 
(referred  to  the  free  energies  of  the  elements  as  zero)  at  18,  25,  and  35® 
in  solutions  from  0.00167  molal  to  4.5  molal  has  been  calculated  and 
tabulated  (Table  X). 

From  these  free-energy  data,  with  the  aid  of  the  assumption  that  at 
the  lowest  concentration  (0.00167  molal)  the  ion  activity  is  equal  to  the  ion 
concentration,  a  series  of  absolute  activity  coefficients  for  hydrochloric 
acid  covering  the  concentration  range  0.00167-4.5  molal  has  been  com- 
puted (Table  XI).  These  have  then  been  compared  with  the  activity 
coefficients  of  potassium  chloride  derived  from  the  electromotive-force 
measurements  of  Maclnnes  and  Parker  (Table  XII)  and  the  osmotic 
pressure  calculations  of  Bates  (Table  XIII). 

The  results  lead  to  the  conclusions  that  the  activity  coefficients  both  of 
hydrochloric  add  and  potassium  chloride  decrease  up  to  o.i  molal  far 
more  rapidly  than  do  the  conductance  ratios.  The  difference  at  this 
concentration  amoimts  to  9%  for  hydrochloric  add  and  15%  for  potas- 
sium chloride,  so  that  in  using  the  conductance  ratio  as  a  measure  of  ion 
activity  in  mass-action  expressions,  as  is  commonly  done,  a  corresponding 
error  is  involved.  At  a  concentration  of  about  0.5  molal*  the  activity 
coeffident  of  hydrochloric  add  reaches  a  minimum,  and  then  increases 
very  rapidly  with  increasing  concentration,  becoming  at  the  highest 
concentration  (4.48  molal)  2.23  times  as  great  as  at  zero  concentration. 
The  results  show  further  that  the  activity  coeffidents  of  potassium  chloride 
derived  independently  from  electromotive  force  and  from  freezing-point 
measurements  are  in  remarkable  agreement,  affording  evidence  that 
in  the  case  of  this  salt  the  conductance  ratio  is  a  true  measure  of  ion 
concentration  (though  not  of  ion  activity),  since  this  assumption  is  made 
in  the  calculation  from  the  freezing  points,  but  not  in  that  from  the  dec- 
tromotive  forces. 

Boston.  Mass. 
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In  a  paper  entitled  **  Valence  and  Tautomerism"^  I  took  occasion 
^  Tms  Journal,  as,  1448  (1913) ;  see  also  the  important  article  of  Bray  and  Branch, 
^^^',  35>  1440  (1913). 
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to  point  out  the  great  importance  of  substituting  for  the  conventional 
classification  of  chemical  substances,  as  inorganic  or  organic,  the  more 
general  classification  which  distinguishes  between  polar  and  nonpolar 
substances.  The  two  classifications  roughly  coincide,  since  most  in- 
organic substances  are  distinctly  polar,  while  the  majority  of  organic 
substances  belong  to  the  nonpolar  dass;  thus  potassium  chloride  repre- 
sents the  extreme  polar  type  and  methane  the  nonpolar.  Nevertheless, 
there  are  many  inorganic  substances  which,  under  ordinary  circum- 
stances, are  predominantly  nonpolar,  and  many  organic  substances  which, 
at  least  in  a  certain  part  of  the  molecule,  are  strongly  polar. 

This  article  was  apparently  unknown  to  Sir.  J.  J.  Thomson^  when  he 
wrote,  in  19 14,  an  extremely  interesting  paper  on  the  "Forces  between 
Atoms  and  Chemical  Affinity "  in  which  he  reached  conclusions  in  strik- 
ing accord  with  my  own,  and  discussed  in  considerable  detail  the  theories 
of  atomic  and  molecular  structure  which  led  him  to  these  conclusions. 

To  enable  us  to  appreciate  the  importance  and  the  usefulness  of  a  dis- 
tinction between  the  polar  and  nonpolar  types  of  chemical  molecules  no 
hypotheses  are  necessary,  but  in  a  more  minute  examination  of  the  nature 
of  such  a  distinction  some  theory  of  atomic  structure  is  indispensable. 
Such  a  theory  I  have  employed  for  a  number  of  years  in  the  interpreta- 
tion of  chemical  phenomena,  but  it  has  not  hitherto  been  published. 
I  shall  present  this  theory  briefly  in  the  present  paper,  for,  while  it  bears 
much  resemblance  to  some  current  theories  of  the  atom,  it  shows  some 
radical  points  of  departure  from  them.  As  an  introduction  it  will  be  de- 
sirable to  review  the  characteristics  of  polar  and  nonpolar  compounds. 

Polar  and  Nonpolar  Types. 
The  very  striking  differences  in  properties  between  the  extreme  polar 
and  the  extreme  nonpolar  types  are  summarized  in  the  following  table 
quoted  from  my  previous  paper: 

POUOt.  NoNPOUOt. 

Mobile  Immobile 

Reactive'  Inert 

Condensed  structure  Frame  structure 

Tautomerism  Isomerism         ^ 

Blectrophiles  Non-dectrophiles 

Ionized  Not  ionized 

Ionizing  solvents  Not  ionizing  solvents 

High  dielectric  constant  Low  dielectric  constant 

Molecular  complexes  No  molecular  complexes 

Association  No  association 

Abnormal  liquids  Normal  liquids 

1  PhU,  Mag,,  27,  757  (1914). 

s  In  my  former  paper  the  words  "inert"  and  "reactive"  were  inadvertently  trans- 
posed and  appear  in  the  wrong  columns. 
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All  of  these  properties  with  respect  to  which  f  imdamental  distinctions 
have  been  made  between  the  two  types,  and  which  seem  so  unconnected, 
are  in  fact  dosely  related,  and  the  differences  are  all  due  to  a  single  cause. 
Even  before  making  any  more  special  hypothesis  we  may  very  safely  as- 
sume that  the  essential  difference  between  the  polar  and  the  nonpolar 
molecule  is  that,  in  the  former,  one  or  more  electrons  are  held  by  sufficiently 
weak  constraints  so  that  they  may  become  separated  from  their  former 
positions  in  the  atom,  and  in  the  extreme  case  pass  altogether  to  another 
atom,  thus  producing  in  the  molecule  a  bipole  or  multipole  of  high  elec- 
trical moment.  Thus  in  an  extremely  polar  molecule,  such  as  that  of 
soditun  chloride,  it  is  probable  that  at  least  in  the  great  majority  of  mole- 
cules the  chlorine  atom  has  acquired  a  unit  negative  charge  and  there- 
fore the  sodium  atom  a  unit  positive  charge,  and  that  the  process  of  ion- 
ization consists  only  in  a  further  separation  of  these  charged  parts. 

If  then  we  consider  the  nonpolar  molecule  as  one  in  which  the  elec- 
trons belonging  to  the  individual  atom  are  held  by  such  constraints  that 
they  do  not  move  far  from  their  normal  positions,  while  in  the  polar 
molecule  the  electrons,  being  more  mobile,  so  move  as  to  separate  the 
molecule  into  positive  and  negative  parts,  then  all  the  distinguishing 
properties  of  the  two  types  of  compounds  become  necessary  consequences 
of  this  assumption,  as  we  may  readily  show. 

Thus  polar  compounds  with  their  mobile  parts  fall  readily  into  those 
combinations  which  represent  the  very  few  stable  states,  while  the  non- 
polar  molecules,  in  which  the  parts  are  held  by  firmer  constraints,  are 
inert  and  tmreactive,  and  can  therefore  be  built  up  into  the  numerous 
complicated  structiu"es  of  organic  chemistry.  Many  organic  compounds, 
especially  those  containing  elements  like  oxygen  and  nitrogen,  and  those 
which  are  said  to  be  unsaturated,  show  at  least  in  some  part  of  the  mole- 
cule a  decidedly  polar  character.  In  such  cases  we  have  the  phenomenon 
of  tautomerism,  where  two  or  more  forms  of  the  molecule  pass  readily 
into  one  another  and  exist  together  in  a  condition  of  mobile  equilibrium. 
Tautomerism  is  hot  characteristic  of  organic  substances,  but  is,  on  the 
other  hand,  a  predominant  trait  of  most  inorganic  substances,  which 
behave  as  if  a  great  variety  of  forms  were  existing  together  in  extremely 
mobile  equilibrium. 

When  a  molecule  owing  to  the  displacement  of  an  electron,  or  elec- 
trons, becomes  a  bipole  (or  multipole)  of  high  electrical  moment,  that  is, 
when  its  charged  parts  are  separated  by  an  appreciable  distance,  its  force 
of  attraction  for  another  molecular  bipole  will  be  felt  over  a  considerable 
intervening  distance,  and  two  or  more  such  bipoles  will  frequently  be 
drawn  together  into  a  single  aggregate  in  which  the  positive  part  of  one 
molecule  is  brought  as  near  as  possible  to  the  negative  part  of  another. 
The  molecules  of  a  polar  substance  will  therefwe  not  only  exhibit  an 
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unusually  high  intermolecular  attraction  at  a  distance,  but  will  frequently 
combine  with  one  another  and  show  the  phenomenon  known  as  associa- 
tion. It  is  indeed  the  substances  which  are  distinctly  polar,  like  ammonia, 
water,  adds,  and  alcohols,  which  constitute,  on  account  of  association 
as  weU  as  of  high  intermolecular  attraction,  a  class  of  Uquids  which  are 
called  abnormal  with  respect  to  numerous  properties  such  as  critical 
point,  vapor  pressure,  heat  of  vaporization,  viscosity,  and  surface  ten- 
sion. 

Moreover  a  polar  substance  will  combine  with  other  substances  to  form 
those  aggregates  which  are  sometimes  known  as  molecular  compounds 
or  complexes,  and  it  may  so  combine  with  substances  which  are  not  of 
themselves  markedly  polar,  for  in  the  presence  of  a  polar  substance  all 
other  substances  become  more  polar. 

This  important  effect  of  polar  molecules  in  rendering  others  more  polar, 
to  which  I  called  attention  in  my  previous  paper,  has  been  discussed  in 
some  detail  by  Thomson.  A  molecular  bipole  of  small  molecular  moment, 
which  would  scarcely  attract  a  similar  molecule,  will  be  very  appreciably 
attracted  by  a  polar  molecule  or  bipole  of  high  moment,  and  may  form 
with  it  a  double  molecule.  In  this  process  the  weaker  bipole  stretches 
and  its  moment  increases.  In  general,  if  two  molecules  combine,  or  even 
approach  one  another,  each  weakens  the  constraints  which  hold  together 
the  charge  of  the  other,  and  the  electrical  moment  of  each  is  increased. 

This  increase  in  the  polar  character  of  a  molecule  when  combined  with, 
or  in  the  neighborhood  of,  other  polar  molecules  is  to  a  remarkable  degree 
cumulative,  for  when  two  molecules  by  their  approach  or  combination 
become  more  polar  they  draw  other  molecules  more  strongly  towards  them, 
but  this  still  further  increases  their  polar  character.  This  is  strikingly 
illustrated  in  numerous  phenomena.  Thus  two  substances  in  the  gaseous 
state  may  differ  but  little  in  polar  character,  but  when  they  are  condensed 
to  liquids  the  differences  are  frequently  enormous. 

The  polar  character  of  a  substance  depends,  therefore,  not  only  upon 
the  specific  properties  of  the  individual  molecules,  but  also  upon  what 
we  may  call  the  strength  of  the  polar  environment.  Without  attempting 
to  give  any  quantitative  defini- 
tion  of  our  terms  we  may  plot, 
as  in  Pig.  i,  the  degree  of 
polarity  of  a  substance  as  or- 
dinate and  the  strength  of  the 
polar  environment  as  abscissa. 

We    then  have   for   all   sub-  pj     ^^ 

stances  a  ctu^e  of  the  type 

shown  in  the  figure  where  the  dotted  line  represents  the  highest  degree 
of   polarity,  namely  complete  ionization.     Different  pure  substances^in 
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the  liquid  state  come  at  different  points,  thus,  roughly,  hexane  at 
A;  benzene  at  B;  ether  at  C;  esters  at  D;  water,  ammonia,  alcohols, 
amines,  acids  between  D  and  F;  and  fused  salts  at  G.  In  the 
last  case,  since  the  substance  has  nearly  reached  its  highest  possible 
polarity,  it  will  not  be  much  affected  by  an  increase  in  the  strength  of 
the  polar  environment.  At  the  other  end  of  the  curve  a  substance  at  A 
in  a  strong  polar  environment  may  move  to  B,  and  one  at  B  may  move 
to  C,  but  they  would  not  become  markedly  polar.  It  is  in  the  intermediate 
range  that  substances  are  most  affected  by  small  changes  in  the  environ- 
ment. Thus  hydrochloric  add,  which  in  the  pure  state  is  not  extremely 
polar,  reaches  nearly  the  highest  possible  state  of  polarity  when  dissolved 
in  water.  Such  a  change  in  this  region  is  often  much  accentuated  by  the 
formation  of  complexes,  and  thus  we  have  the  rule  of  Abegg  and  Bod- 
Ifinder  that  a  weak  electrolyte  usually  becomes  a  strong  electrolyte  when 
its  wealp  ion  is  converted  into  a  complex  ion. 

We  come  then  to  the  consideration  of  the  electrical  properties  which 
distinguish  polar  from  nonpolar  substances,  or,  in  accordance  with  the 
terminology  which  I  formerly  used,^  which  distinguish  good  electrophiles 
from  poor  electrophiles. 

The  first  difference  is  in  the  dielectric  constant.  The  difference  be- 
tween the  dielectric  constant  of  a  substance  and  that  of  free  space  meastures 
directly  the  number  of  free  charges  in  the  substance  multiplied  by  the 
average  distance  through  which  these  charges  move  under  the  influence 
of  a  definite  electric  field.  In  the  polar  molecule  the  constraints  which 
operate  against  a  separation  of  the  charges,  being  already  weak,  may  be 
further  stretched  in  the  electric  field,  and  what  is  more  important,  the  bi- 
poles  (or  multipoles)  which  already  exist  in  the  polar  substance  may,  by 
rotation,  orient  themselves  in  the  electric  field,  thus  producing  a  large 
displacement  current  and  therefore  a  high  dielectric  constant.  In  this 
connection  Thomson  has  called  attention  to  the  work  of  Baedeker,' 
which  shows  that  even  in  the  gaseous  state  such  substances  as  ammonia, 
water  and  hydrochloric  acid  possess  an  abnormally  high  dielectric  con- 
stant. 

Finally  the  polar  substance,  whether  in  the  pure  state  or  dissolved  in 
another  solvent,  will  obviously  be  the  one  which  will  be  readily  ionized. 
Moreover,  polar  substances  are  the  strong  ionizing  solvents,  for  when 
another  substance  is  combined  with  a  highly  polar  substance,  or  even 
dissolved  in  such  a  solvent  without  actual  combination  of  molecules, 
the  degree  of  its  own  polarity  largely  increases. 

Wide  apart  as  the  polar  and  nonpolar  types  are  in  the  extreme,  we  must 
nevertheless  inquire  whether  the  difference  is  one  of  kind  or  one  of  degree. 

*  Lewis  and  Wheeler,  Z.  physik.  Chem.,  56,  189  (1906). 
«  Z.  physik.  Chetn.,  36,  305  (1901). 
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If  there  were  a  sharp  and  always  recognizable  distinction  between  the 
polar  and  the  nonpolar  molecule  then  a  substance  would  be  more  polar 
or  less  polar  according  as  it  possessed  a  greater  or  smaller  percentage  of 
D)olecules  of  the  first  type.  This  would  be  a  simple  and  in  many  cases 
a  satisfactory  interpretation  of  the  difference  in  behavior  between  differ- 
ent substances,  but  scanning  the  whole  field  of  chemical  phenomena  we 
are,  I  beUeve,  forced  to  the  conclusion  that  the  distinction  between  the 
most  extreme  polar  and  nonpolar  types  is  only  one  of  degree,  and  that  a 
single  molecule,  or  even  a  part  of  a  molecule,  may  pass  from  one  extreme 
type  to  another,  not  by  a  sudden  and  discontinuous  change,  but  by  im- 
perceptible gradations.  The  nature  of  such  a  transition  we  shall  discuss 
in  the  following  sections: 

The  Cubical  Atom, 

A  munber  of  years  c^o,  to  account  for  the  striking  fact  which  has  be- 
come known  as  Abegg's  law  of  valence  and  countervalence,  and  according 
to  which  the  total  difference  between  the  maximum  negative  and  posi- 
tive valences  or  polar  munbers  of  an  element  is  frequently  eight  and  is 
in  no  case  more  than  eight,  I  designed  what  may  be  called  the  theory  of 
the  cubical  atom.    This  theory,  while  it  has  become  familiar  to  a  num- 
ber of  my  colleagues,  has  never  been  pubUshed,  partiy  because  it  was  in 
many  respects  incomplete.    Although  many  of  these  elements  of  incom- 
pleteness remain,  and  although  the  theory  lacks  to-day  much  of  the  novelty 
which  it  originally  possessed,  it  seems  to  me  more  probable  intrinsically 
than  some  of  the  other  theories  of  atomic  structure  which  have  been  pro- 
posed, and  I  cannot  discuss  more  fully  the  nature  of  the  differences  be- 
tween polar  and  nonpolar  compounds  without  a  brief  discussion  of  this 
theory. 
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The  pictures  of  atomic  structure  which  are  reproduced  in  Fig.  2,* 
and  in  which  the  circles  represent  the  electrons  in  the  outer  shell  of  the 
^  These  figures  are  taken  from  a  memoranduin  dated  March  28,  1902,  together 
with  the  models  are  notes  oonceming  different  types  o!  chemical  compomids;  the  various 
possible  arrangements  of  electrons  in  the  outer  atom  and  the  possibility  of  intra-atomic 
isomerism;  the  relationship  between  symmetrical  structure  and  atomic  volume;  and 
-certain  speculations  as  to  the  structure  of  the  helium  atom  which  we  shall  see  were 
probably  partly  incorrect.    The  date  of  origin  of  this  theory  is  mentioned  not  with  the 
purpose  of  claiming  any  sort  of  priority  with  respect  to  those  portions  which  overlap 
'existing  theories,  but  because  the  fact  that  similar  theories  have  been  developed  inde- 
pendently adds  to  the  probability  that  all  possess  some  characteristics  of  fundamental 
reality. 
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neutral  atom,  were  designed  to  explain  a  number  of  important  laws  of 
chemical  behavior  with  the  aid  of  the  following  postulates: 

1.  In  every  atom  is  an  essential  kernel  which  remains  unaltered  in  all 
ordinary  chemical  changes  and  which  possesses  an  excess  of  positive 
charges  corresponding  in  number  to  the  ordinal  number  of  the  group  in 
the  periodic  table  to  which  the  element  belongs. 

2.  The  atom  is  composed  of  the  kernel  and  an  outer  atom  or  shell,  which, 
in  the  case  of  the  neutral  atom,  contains  negative  electrons  equal  in  num- 
ber to  the  excess  of  positive  charges  of  the  kernel,  but  the  number  of  elec- 
trons in  the  shell  may  vary  during  chemical  change  between  o  and  8. 

3.  The  atom  tends  to  hold  an  even  number  of  electrons  in  the  shell, 
and  especially  to  hold  eight  electrons  which  are  normally  arranged  sym- 
metrically at  the  eight  comers  of  a  cube.^ 

4.  Two  atomic  shells  are  mutually  interpenetrable. 

5.  Electrons  may  ordinarily  pass  with  readiness  from  one  position  in 
the  outer  shell  to  another.  Nevertheless  they  are  held  in  position  by 
more  or  less  rigid  constraints,  and  these  positions  and  the  magnitude  of 
the  constraints  are  determined  by  the  nature  of  the  atom  and  of  such 
other  atoms  as  are  combined  with  it. 

6.  Electric  forces  between  partides  which  are  very  dose  together  do  not 
obey  the  simple  law  of  inverse  squares  which  holds  at  greater  distances. 

Some  further  discussion  of  these  postulates  is  necessary  in  order  to 
make  their  meaning  dear.  The  first  postulate  deals  with  the  two  parts 
of  the  atom  which  correspond  roughly  with  the  inner  and  outer  rings 
of  the  Thomson  atom.  The  kemd  being  that  part  of  the  atom  which  is 
unaltered  by  ordinary  chemical  change  is  of  suffident  importance  to  merit 
a  separate  symbol.  I  propose  that  the  common  symbol  of  the  dement 
printed  in  a  different  type  be  used  to  represent  the  kemd.  Thus  Li 
will  stand  for  the  lithium  kemd.  It  has  a  single  positive  charge  and  is 
equivalent  to  piu-e  lithium  ion  Li"*".  Be  has  two  positive  charges,  B 
three,  C  four,  N  five,  O  six  and  F  seven. 

We  might  expect  the  next  dement  in  the  series,  neon,  to  have  an  atomic 
kemd  with  dght  positive  charges  and  an  vouter  shell  consistiag  of  dght 
dectrons.  In  a  certain  sense  this  is  doubtless  the  case.  However,  as 
has  been  stated  in  Postulate  3,  a  group  of  dght  dectrons  in  the  shell  is 
extremdy  stable,  and  this  stability  is  the  greater  the  smaller  the  differ- 
ence in  charge  between  the  nudeus  and  this  group  of  dght  dectrons. 
Thus  in  fluoride  ion  the  kemd  has  a  charge  of  +7,  and  the  negative 
charge  of  the  group  of  eight  electrons  only  exceeds  it  by  one  unit.  In 
fact  in  compoimds  of  fluorine  with  all  other  elements,  fluorine  is  assigned 
the  polar  number  — i.     In  the  case  of  oxygen,  where  the  group  of  dght 

^  We  shall  see  later  the  advisability  of  modifying  this  assumption  of  the  cubic 
arrangement  of  the  fundamental  group  of  eight  dectrons. 
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electrons  has  a  charge  exceedmg  that  of  the  kernel  by  two  units,  the  polar 
number  is  considered  to  be  — 2  in  nearly  every  compound.  Nitrogen  is 
commonly  assumed  to  have  the  polar  number  — 3  in  such  compounds  as 
ammonia  and  the  nitrides.  It  may  be  convenient  to  assign  occasionally 
to  carbon  the  polar  number  — 4,  but  it  has  never  been  found  necessary 
to  give  boron  a  polar  number  — ^5,  or  beryllium  — 6,  or  lithium  — 7.  But 
neon,  with  an  inner  positive  charge  of  8  and  an  outer  group  of  eight  elec- 
trons, is  so  extremely  stable  that  it  may,  as  a  whole,  be  regarded  as  the 
kernel  of  neon  and  we  may  write  Ne  »  Ne.^ 

The  next  element,  sodium,  begins  a  new  outer  shell*  and  Na  »  Na"*", 
Mg  «  Mg++,  and  so  on.  In  my  original  theory  I  considered  the  elements 
in  the  periodic  table  thus  built  up,  as  if  block  by  block,  forming  concen- 
tric cubes.  Thus  potassium  would  be  like  soditun  except  that  it  would 
have  one  more  cube  in  the  kernel.  This  idea,  as  we  shall  see,  will  have 
to  be  modified,  but  nevertheless  it  gives  a  concrete  picture  to  illustrate 
the   theory. 

We  have  then  as  kernels'  with  a  six^le  positive  charge  H|  Li,  Na,  K»  Rb» 
Cs;  with  two  positive  charges  Be»  Mg,  Ca,  Sr,  Ba;  with  three  charges  B, 
AI9  So;  with  four  charges  C,  Si;  with  five  charges  N,  P,  As,  Sb,  Bi;  with 
six  charges  O,  S,  Se,  Te  and  a  group  of  radioactive  isotopes;  with  seven 
charges  F,  CI,  Br,  I;  and  with  zero  charge  He,  Ne,  A,  Kr,  Xe  and  Nt. 
These  elements  only  will  be  discussed  in  the  present  paper.  The  remaining 
elements  form  a  class  in  which  the  atomic  kernel  is  probably  neither 
uniquely  determined  nor  invariable  during  chemical  change.  This  is  one 
of  the  elements  of  incompleteness  in  the  theory.  Nevertheless  this  classi- 
fication is  not  arbitrary  but  is  forced  upon  us,  and  the  elements  which  are 
included  ftunish  so  large  a  part  of  the  material  upon  which  the  science  of 
chemistry  is  based,  that  the  study  of  their  compounds  offers  in  itself  a 
problem  of  great  importance. 

Postulate  2  cannot  be  fully  discussed  except  in  connection  with  the 
fourth  postulate,  but  assuming  that  we  understand  the  meaning  of  the 
reduction  or  oxidation  of  an  element  (at  least  in  the  case  of  highly  polar 
^  It  must  not  be  assumed,  even  in  the  case  of  the  elements  here  chosen  for  discussion, 
'that  the  distinction  between  kernel  and  shell  is  absolutely  hard  and  fast.  Thus  in  the 
ionization  of  neon  by  electric  discharge,  electrons  must  be  thrown  off  from  the  group 
which  we  consider  as  belonging  to  the  kernel  itself. 

*  The  periodicity  in  the  table  of  elements,  due  to  successive  additions  of  groups 
of  eight  electrons  to  the  atomic  kernel,  is  imitated  closely  by  compounds.  Thus  am- 
monium ion  has  nine  positive  charges  in  the  kernels  and  eight  electrons  in  the  shells, 
but  these  eight  electrons  forming  a  stable  group  make  ammonium  ion  entirely  analogous 
to  the  kernel  of  an  alkali  metal. 

'  I  believe  that  it  will  be  easily  remembered  that  the  sodium  kernel  has  one  posi- 
tive charge,  that  of  chlorine  seven  positive  charges,  etc.;  but  it  may  occasionally  be 
desirable  for  pedagogical  purposes  to  attach  to  the  symbol  of  the  atomic  kernel,  a 
small  numeral  as  an  index,  to  show  the  ntunber  of  charges. 
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substances),  reduction  means  an  increase  and  oxidation  a  decrease  in  the 
number  of  electrons  in  the  outer  atom  of  the  element.  Thus  for  illustra- 
tion, and  with  such  reservations  as  will  presently  be  shown  necessary, 
we  may  state  that  chlorine  has  eight  electrons  in  the  outer  shell  in  chlo- 
rides, six  in  h3rpochlorites,  fotu*  in  chlorites,  two  in  chlorates  and  none  in 
perchlorates. 

Postulate  3  can  best  be  illustrated  by  the  use  of  formulae  in  which 
the  electrons  of  the  atomic  shells  are  themselves  considered  as  atoms 
of  the  element  electricity^  with  the  symbol  E.  Just  as  with  ordinary 
symbols  we  use  two  types  of  formulae,  one  the  gross  formula  repre- 
senting hardly  more  than  the  chemical  composition  of  the  substance* 
the  other  a  structural  formula  in  which  we  attempt  to  represent 
the  relative  positions  of  the  atoms,  so  we  may,  with  the  new  symbols, 
employ  the  two  types  of  formulae.  We  shall  later  discuss  the  struc- 
tural formula,  but  at  this  point  we  may  consider  the  gross  formula  involv- 
ing the  atomic  kernels  and  the  electrons  of  the  outer  atoms.  Lithium  has 
one  positive  charge  in  the  kernel,  fluorine  has  seven  such  charges,  so  that 
the  neutral  molecule  of  lithium  fluoride  we  may  represent  LiFBs*  In 
lithium  sulfate  S  and  O  each  has  six  positive  charges,  and  LisSO^  « 
Li2S04B3s ;  SO4  —  —  S04B«2.  In  every  substance  in  which  each  element  has 
either  its  highest  or  its  lowest  polar  number,  B  will  appear  in  multiples  of  8. 
Thus  NH,  =  NHsEs,  H2O  =  HsOBs,  KOH  «  KOHBs,  NaNO,  « 
NaNOsB24i  AlOsHs  »  AIOsHsBmi  MgCls  «  MgChEui  KsCOs  «  KsCOsBm* 
In  compounds  in  which  the  elements  have  polar  numbers  intermediate 
between  the  highest  and  the  lowest  the  number  of  electrons  is  not  as  a 
rule  a  multiple  of  8,  but  is  in  almost  all  cases  an  even  number.  Thus 
SO2  ===  SO2B18,  NaClO  »  NaC10Bi4,  QHs  «  CsH^Bio,  CeHeO  »  CAOEn* 

The  extraordinary  generality  of  this  rule  is  shown  by  the  fact  that  among 
the  tens  of  thousands  of  known  compounds  of  the  elements  under  consid- 
eration only  a  few  exceptions  are  known.  I  may  state  here  all  of  such 
compoimds  that  are  known  to  me  as  they  form  a  very  interesting  dass 
of  substances.  They  all  possess  high  reactivity  and  tend  to  go  over  into 
substances  with  an  even  number  of  electrons.  First  may  be  mentioned 
some  of  the  elements  themselves  in  the  monatomic  state,  and  as  types 
we  may  take  Na  =  NaB  and  I  =  IE7.  In  addition  to  these,*  we  have 
NO  =  NOBu,  NO2  =  NO2B17,  CIO2  =  CIO2B191  (C«H6)«C  =  (C«Hi)BCB9i, 
as  well  as  other  tri-aryl  methyls'  and  probably  also  the  intensely  colored 

^  Dr.  Branch  has  kindly  called  my  attention  to  a  little  book  by  Sir  William  Ramsay 
("The  Temple  Primers;  Modem  Chemistry")  in  which  he  uses  very  similar  formulae 
containing  E. 

*  Possibly  hypophosphoric  acid  is  to  be  added  to  this  list,  but  the  evidence  concern* 
ing*  its  molecular  weight  does  not  seem  condusive. 

»  See  the  review  by  Gomberg,  This  Journal,  36,  1144  (1914). 
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compounds  between  alkali  metals  and  di-aryl  ketones,^  and  the  colored 
substances  which  Wieland  believes  to  contain  bivalent  and  quadrivalent 
nitrogen.' 

It  is  to  be  particularly  noted  that  such  substances  when  placed  in  a 
polar  environment  almost  invariably  change  into  substances  with  an  even 
number  of  electrons  in  the  outer  atoms.  Thus  NOt  dissolved  in  water 
gives  nitrous  and  nitric  adds,  and  even  in  pure  liquid  nitrogen  tetroxide 
we  must  assume,  since  it  has  electrical  conductivity,  that  such  ions  as 
NQi"*"  =  HOjEii  and  NOi~  «  NOsEis  are  present.  Similarly,  ClQi  dis- 
solves to  form  chlorous  and  chloric  adds  to  a  small  extent,  triphenyl 
methyl  dissolves  in  Uquid  sulftu*  dioxide  to  form  a  conducting  solution 
with  ions  presumably  of  the  type  (CeH6)|C+  and  (C6H6)jC-.  Sodium  in 
the  metallic  state,  or  when  dissolved  in  such  a  solvent  as  liquid  ammonia, 
dissodates  according  to  the  equation  NaE  «  Na  +  E*  In  general, 
therefore,  we  nmy  state  that  a  substance,  in  whose  gross  formula  an  odd 
number  of  dectrons  appears,  holds  one  dectron  by  weak  constraints, 
and  in  a  medium  which  weakens  all  dectric  constraints,  namdy  in  a  polar 
medium,  the  odd  dectron  may  be  given  up  completdy.  Of  the  cases 
mentioned,  the  odd  dectron  appears  to  be  most  firmly  bound  in  NO, 
and  even  in  a  polar  environment  the  constraints  are  still  suffidently 
powerful  to  hold  the  dectron.  Nevertheless  in  the  presence  of  any  oxi- 
dizing agent  such  as  oxygen,  that  is,  in  the  presence  of  a  substance  which 
has  a  strong  tendency  to  take  up  an  dectron,  the  interchange  will  occur 
at  once. 

Molecules  of  this  class  which  contain  an  odd  or  unpaired  dectron  will 
for  the  sake  of  brevity  be  called  odd  molecules.  An  odd  molecule  will 
contain  at  least  one  atom  with  an  uneven  number  of  dectrons  in  the  shell. 
This  may  be  called  an  odd  atom. 

Postulate  4  raises  a  question  of  the  very  greatest  importance.  Ever 
since  the  first  suggestion  of  Hehnholtz,  numerous  efforts  have  been  made 
to  explain  chemical  combination  by  the  assumption  that  in  the  formation 
of  a  compound  some  of  the  dectrons  of  one  atom  pass  completdy  into  an- 
other atom,  and  that  the  different  charged  parts  of  the  molecule  thus  pro- 
duced are  hdd  together  by  dectrical  forces.  Such  theories  have,  in  my 
opinion,  proved  entirdy  inadequate  except  in  the  case  of  substances  of 
the  strongly  polar  t3rpe.  This  fact  has  been  recognized  by  Thomson  in 
his  latest  paper,  in  whidi  he  introduces  an  entirdy  different  t)rpe  of  chem- 
ical combination  in  the  case  of  the  compounds  which  we  have  called  non- 
polar.  However,  according  to  the  theory  which  I  am  now  presenting, 
it  is  not  necessary  to  consider  the  two  extreme  types  of  chemical  combina- 
tion, corresponding  to  the  very  polar  and  the  very  nonpolar  compotmds, 

^  Schlenk  and  Weidcel,  Ber.,  44,  1182  (1911)- 

t  Wieland,  Ann.,  38x»  200  (19");  Ber.,  47»  2111  (1914). 
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as  dijfferent  in  kind,  but  only  as  different  in  degree.  This  is  due  to  the 
assumption  of  the  interpenetrability  of  the  atomic  shells  which  is  made 
in  Postulate  4.  Thus  an  electron  may  form  a  part  of  the  shell  of  two 
different  atoms  and  cannot  be  said  to  belong  to  either  one  exclusively. 
Hence  iH  general  it  is  impossible  to  say  that  one  element  in  a  compound 
has,  during  chemical  change,  been  oxidized  or  reduced  and  that  another 
element  has  not  suffered  such  a  change;  but  it  is  only  as  we  approach 
substances  of  the  completely  polar  type  that  such  distinctions  become 
less  and  less  ambiguous.  Since  this  question  is  one  to  which  we  shall 
frequently  revert  it  need  not  be  discussed  further  at  this  point. 

Postulate  5  is  based  upon  the  fact  that  we  do  not  find  what  might  be 
called  intra-atomic  isomers.  If  the  electrons  of  the  atomic  shell  could 
at  one  time  occupy  one  set  of  positions  and  at  another  time  another  set, 
and  if  there  were  no  opportunity  for  ready  transition  from  one  of  these 
sets  of  positions  to  another,  we  should  have  a  large  ntunber  of  isomers 
differing  from  one  another  only  in  the  situation  of  the  electrons  in  the 
atomic  shell.  While  there  may  possibly  be  a  few  cases  where  we  might 
surmise  the  existence  of  just  such  isomers,  in  most  cases  it  is  evident  that 
they  do  not  exist,  and  we  must  assume,  therefore,  considerable  freedom  of 
change  from  one  distribution  of  electrons  in  the  shell  to  another. 

Now  there  are  only  two  ways  in  which  one  body  can  be  held  by  another. 
It  may,  owing  to  a  force  of  attraction,  be  drawn  toward  the  second  body 
until  this  force  is  gradually  offset  by  a  more  rapidly  increasing  force  of 
repulsion.  In  this  case  it  comes  to  rest  at  a  point  where  the  net  attrac- 
tion or  repulsion  is  zero,  and  is  therefore  in  a  condition  of  constraint  with 
respect  to  any  motion  along  the  line  joining  the  two  centers;  for  if  the 
distance  between  the  two  bodies  is  diminished  they  repel  one  another, 
while  if  the  distance  is  increased  they  are  attracted  toward  one  another. 
An  example  of  this  type  is  a  body  attracted  toward  the  earth  but  resting 
upon  an  elastic  substance  where  the  attractive  force  of  gravity  is  offset 
by  the  repulsive  force  which  we  happen  to  call  elastic;  but  it  would  be  a 
mistake  to  consider  the  forces  of  elasticity  to  be  different  in  character 
from  other  known  forces.  Indeed  it  is  evident  that  just  as  we  have  the 
law  of  universal  attraction  between  particles  at  great  distances,  so  at 
small  distances  we  have  the  equally  universal  law  of  repulsion. 

The  other  way  in  which  one  body  may  hold  another  is  that  in  which 
the  planets  are  held  by  the  sun,  and  this  is  the  way  that  in  some  current 
theories  of  atomic  structure  the  electrons  are  supposed  to  be  held  by  the 
atom.  Such  an  assumption  seems  inadequate  to  explain  even  the  sim- 
plest chemical  properties  of  the  atom,  and  I  imagine  it  has  been  intro- 
duced only  for  the  sake  of  maintaining  the  laws  of  electromagnetics  which 
are  known  to  be  valid  at  large  distances.  The  fact  is,  however,  that  in 
the  more  prominent  of  these  theories  even  this  questionable  advantage 
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disappears,  for  the  common  laws  of  electricity  are  not  preserved.  The 
most  interesting  and  suggestive  of  these  theories  is  the  one  proposed  by 
Bohr^  and  based  upon  Planck's  quantum  theory.  Planck  in  his  elemen* 
tary  oscillator  which  maintains  its  motion  at  the  absolute  zero,  and  Bohr 
in  his  electron  moving  in  a  fixed  orbit,  have  invented  systems  containing 
electrons  of  which  the  motion  produces  no  effect  upon  external  charges. 
Now  this  is  not  only  inconsistent  with  the  accepted  laws  of  electromag- 
netics but,  I  znay  add,  is  logically  objectionable,  for  that  state  of  motion 
which  produces  no  physical  effect  whatsoever  may  better  be  called  a  state 
of  rest. 

Indeed  it  seems  hardly  Ukely  that  much  progress  can  be  made  in  the 
solution  of  the  difficult  problems  relating  to  chemical  combination  by 
assigning  in  advance  definite  laws  of  force  between  the  positive  and  nega* 
tive  constituents  of  an  atom,  and  then  on  the  basis  of  these  laws  building 
up  mechanical  models  of  the  atom.  We  must  first  of  all,  from  a  study 
of  chemical  phenomena,  learn  the  structure  and  the  arrangement  of  the 
atoms,  and  if  we  find  it  necessary  to  alter  the  law  of  force  acting  between 
charged  particles  at  small  distances,  even  to  the  extent  of  changing  the 
sign  of  that  force,  it  wiU  not  be  the  first  time  in  the  history  of  science 
that  an  increase  in  the  range  of  observational  material  has  required  a 
modification  of  generalizations  based  upon  a  smaller  field  of  observa- 
tion. Indeed  in  the  present  case,  entirely  aside  from  any  chemical  rea- 
sons, a  study  of  the  mathematical  theory  of  the  electron  leads,  I  believe, 
irresistably  to  the  conclusion  that  Coulomb's  law  of  inverse  squares  must 
faO  at  small  distances. 

In  this  connection  I  wish  to  call  attention  to  an  extremely  interesting 
paper  by  Mr.  A.  L.  Parson*  which  has  only  just  been  published,  but  which 
I  had  an  opportunity  of  looking  over  with  the  author  over  a  year  ago. 
The  fundamental  assumption  of  Parson's  theory  is  that  the  electron  is 
not  merely  an  electric  charge  but  is  also  a  small  magnet,  or,  in  his  termin- 
ology, a  magneton.  Assuming  therefore  the  existence  of  magnetic  as 
wen  as  electric  forces  between  the  different  parts  of  the  atom.  Parson 

1 1  believe  that  there  is  one  part  of  Bohr's  theory  for  which  the  assumption  of  the 
orbital  electron  is  not  necessar>,  since  it  may  be  translated  directly  into  the  terms  of 
the  present  theory.  He  explains  the  spectral  series  of  hydrogen  by  assuming  that  aa 
electron  can  move  freely  in  any  one  of  a  series  of  orbits  in  which  the  velocities  differ 
by  steps,  these  steps  being  simply  expressed  in  terms  of  ultimate  units  (in  his  theory 
Planck's  h  is  such  a  unit),  and  that  radiation  occurs  when  the  electron  passes  from 
one  orbital  velocity  to  the  next.  It  seems  to  me  far  simpler  to  assume  that  an  electron 
may  be  held  in  the  atom  in  stable  equilibrium  in  a  series  of  different  positions,  each  of 
which  having  definite  constraints,  corresponds  to  a  definite  frequency  of  the  electron, 
the  intervals  between  the  constraints  in  successive  positions  being  simply  expressible 
In  terms  of  ultimate  rational  units  (see  hcvna  and  Adams,  Phys.  Reo.,  3,  92  (1914)). 

>  A  "Magneton  Theory  of  the  Structure  of  the  Atom,"  Smithsonian  PubHcaliau 
33719  Washington,  I9i5« 
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was  led  entirely  independently  to  the  conclusion  which  I  have  stated 
above,  namely  that  the  most  stable  condition  for  the  atomic  shell  is  the 
one  in  which  eight  electrons  are  held  at  the  comers  of  a  cube.  Not  only 
in  this  but  in  a  number  of  other  important  points  the  theory  which  I 
am  presenting  will  be  seen  to  coincide  with  that  of  Parson's  paper.  The 
results  of  the  magnetic  experiments  with  which  he  proposes  to  test  the 
magneton  theory  will  be  of  great  interest.  Meanwhile  we  may  attempt 
to  find»  apart  from  any  a  priori  consideration,  just  what  atomic  structure 
best  explains  known  chemical  facts. 

There  is  one  part  of  Parson's  theory  which  agrees  with  my  own  former 
theory  but  which  I  now  believe  to  be  incorrect.  The  idea  that  argon  is  a 
system  of  concentric  cubes  (in  Parson's  theory  cubes  side  by  side),  and  that 
neon  is  a  similar  system  with  one  less  cube,  led  naturally  to  the  assump- 
tion that  helium  is  similarly  constituted.  But  recent  evidence  from 
radioactive  phenomena,  and  from  Moseley's  study  of  the  X-ray  spectrum, 
makes  it  seem  almost  certain  that  heUum  has  a  total  not  of  eight  but 
of  either  two  or  four  electrons.*  Assuming  that  helium  is  the  only  de- 
ment between  hydrogen  and  lithium  and  that  it  has  two  electrons,  then 
it  is  evident  from  the  inert  character  of  helium,  and  from  the  resemblance 
of  this  element  to  the  other  inert  gases,  that  here  the  pair  of  electrons 
plays  the  same  role  as  the  group  of  eight  in  the  heavier  atoms,  and  that 
in  the  row  of  the  periodic  table  comprising  hydrogen  and  helium  we  have 
in  place  of  the  rule  of  eight  the  rule  of  two.  Therefore  hydrogen  not  only 
has  one  electron  in  its  outer  shell,  which  may  pass  into  the  sheU  of  another 
atom  just  as  the  electron  of  Uthium  or  soditun  may,  but  it  is  capable  of 
taking  up  one  electron  to  form  the  stable  pair,  just  as  fluorine  or  chlorine 
takes  up  one  electron  to  form  the  stable  group  of  eight.  Hydrogen 
therefore  must  be  regarded  as  the  first  member  of  the  halogens  as  well 
as  of  the  lithium  group.  According  to  this  view  Uthium  hydride  is  a 
salt*  although  perhaps  less  polar  than  lithium  fluoride  or  chloride.  There- 
fore in  what  follows  we  shall  regard  the  acquisition  of  one  additional 
electron  by  hydrogen  as  entirely  analogous  to  the  acquisition  of  enough 
electrons  to  form  the  group  of  eight  in  the  case  of  other  atoms. 

Molecular  Structure. 

I  shall  now  attempt  to  show  how,  by  a  single  t)rpe  of  chemical  com- 
^  Two,  if  hydrogen  and  helium  are  the  only  elements  of  lower  atomic  weight  than 
lithium;  four,  if  we  asstune  with  Rydberg  that  there  are  two  rows  in  the  periodic  table, 
one  containing  hydrogen  and  proto-helium  and  one  containing  eka-hydrogen  and 
helium.  The  above  discussion  will  be  the  same  on  either  of  these  assumptions,  and 
although  Rydberg's  assumption  has  a  very  high  degree  of  plausibility  I  have  adopted 
for  simplicity  the  more  familiar  one. 

*  In  order  to  test  this  view  experiments  have  been  begun  by  Professor  O.  P.  Stafford. 
These  experiments  have  not  progressed  far  but  they  at  least  indicate  that  fused  lithium 
liydride  is  a  good  electrol3rte. 
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bination,  we  may  explain  the  widely  varying  phenomena  of  chemical 
change.  With  the  original  assumption  of  Helmholtz,  which  has  been 
used  by  some  authors  under  the  name  of  the  electron  theory  of  valence, 
and  according  to  which  a  given  electron  either  does  or  does  not  pass  com- 
pletely from  one  atom  to  another,  it  is  possible  to  give  a  very  satisfactoiiy 
explanation  of  compounds  which  are  of  distinctly  polar  type,  but  the 
method  becomes  less  and  less  satisfactory  as  we  approach  the  nonpolar 
type.  Great  as  the  difference  is  between  the  t3rpical  polar  and  nonpolar 
substances,  we  may  show  how  a  single  molecule  may,  according  to  its 
environment,  pass  from  the  extreme  polar  to  the  extreme  nonpolar  form, 
not  per  saUum,  but  by  imperceptible  gradations,  as  soon  as  we  admit 
that  an  electron  may  be  the  common  property  of  two  atomic  shells. 

Let  us  consider  finst  the  very  polar  compounds.  Here  we  find  elements 
with  but  few  electrons  in  their  shells  tending  to  give  up  these  electrons 
altogether  to  form  positive  ions,  and  elements  which  already  possess  a 
number  of  electrons  tending  to  increase  this  number  to  form  the  group 
of  eight.  Thus  Na"^  and  Ca"^*^  are  kernels  without  a  shell,  while  chloride 
ion,  sulfide  ion,  nitride  ion  (as  in  fused  nitrides)  may  each  be  represented 
by  an  atom  having  in  the  shell  eight  electrons  at  the  comers  of  a  cube. 

As  an  introduction  to  the  study  of  substances  of  slightly  polar  type  we 
may  consider  the  halogens.    In  Pig.  3  I  have  attempted  to  show  the 
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Fig  3. 

different  forms  of  the  iodine  molecule  Is.    A  represents  the  molecule  as 
completely  ionized,  as  it  undoubtedly  is  to  a  measurable  extent  in  liquid 
iodine.^    Without  ionization  we  may  still  have  one  of  the  electrons  of  one 
atom  fitting  into  the  outer  shell  of  the  second  atom,  thus  completing 
its  group  of  eight  as  in  £.    But  at  the  same  time  an  electron  of  the  second 
atom  fnay  fit  into  the  shell  of  the  first,  thus  satisfying  both  groups  of  eight 
and  giving  the  form  C  which  is  the  predominant  and  characteristic  struc- 
ture of  the  halogens.    Now,  notwithstanding  the  symmetry  of  the  form 
C,  if  the  two  atoms  are  for  any  reason  tending  to  separate,  the  two  com- 
mon electrons  may  cling  more  firmly  sometimes  to  one  of  the  atoms, 
sometimes  to  the  other,  thus  producing  some  diss3rmmetry  in  the  mole- 
cule as  a  whole,  and  one  atom  will  have  a  slight  excess  of  positive  charge, 
the  other  of  negative.    This  separation  of  the  charges  and  the  conse- 
^  See  Lewis  and  Wheeler,  Loc.  cit. 
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quent  increase  in  the  polar  character  of  the  molecule  will  increase  as  the 
atoms  become  separated  to  a  greater  distance  until  complete  ionization 
results.^  Thus  between  the  perfectly  synmietrical  and  nonpolar  mole- 
cule C  and  the  completely  polar  and  ionized  molecule  represented  by  A 
th^e  will  be  an  infinity  of  positions  representing  a  greater  or  lesser  de- 
gree of  polarity.  Now  in  a  substance  like  liquid  iodine  it  must  not  be 
asstuned  that  all  of  the  molecules  are  in  the  same  state,  but  rather  that 
some  are  highly  polar,  some  almost  nonpolar,  and  others  represent 
all  gradations  between  the  two.  When  we  find  that  iodine  in  different 
environments  shows  different  degrees  of  polarity,  it  means  merely  that 
in  one  medium  there  is  a  larger  percentage  of  the  more  polar  forms.  So 
bromine,  although  represented  by  an  entirely  similar  formula,  is  less  polar 
than  iodine.  In  other  words,  in  the  average  molecule  the  separation  of 
the  charge  is  less  than  in  the  case  of  iodine.  Chlorine  and  fluorine  are 
less  polar  than  either  and  can  be  regarded  as  composed  almost  com- 
pletely of  molecules  of  the  form  C 

I  wish  to  emphasize  once  more  the  meaning  that  must  be  ascribed  to 
the  term  tautomerism.  In  the  simplest  case  where  we  deal  with  a  single 
tautomeric  change  we  speak  of  the  two  tautomers  and  sometimes  write 
definite  formulae  to  express  the  two.  But  we  must  not  assume  that  all 
of  the  molecules  of  the  substance  possess  either  one  structure  or  the  other, 
but  rather  that  these  forms  represent  the  two  limiting  t3rpes,  and  that  the 
individual  molectdes  range  all  the  way  from  one  limit  to  the  other.  In 
certain  cases  where  the  majority  of  molecules  lie  very  near  to  one  limit 
or  to  the  other,  it  is  very  convenient  and  desirable  to  attempt  to  express 
the  percentage  of  the  molecules  belonging  to  the  one  or  to  the  other  tau- 
tomeric form;  but  in  a  case  where  the  majority  of  molecules  lie  in  the  in- 
termediate range  and*  relatively  few  in  the  immediate  neighborhood  of 
the  two  limiting  forms,  such  a  calculation  loses  most  of  its  significance. 

With  the  halogens  it  is  a  matter  of  chance  as  to  which  of  the  atoms 
acquires  a  positive  and  which  a  negative  charge,  but  in  the  case  of  a  binary 
compotmd  composed  of  different  elements  the  atoms  of  one  element 
will  be  positive  in  most,  though  not  necessarily  all,  of  the  molecules. 
Thus  in  Br2  the  bromine  atom  is  as  often  positive  as  negative,  but  in  BrCl 
it  will  be  usually  positive  and  in  IBr  usually  negative,  although  in  all 
these  substances  which  are  not  very  polar  the  separation  of  charges  in 
the  molecule  will  be  slight,  whereas  in  the  metallic  halides  the  separation 
is  nearly  complete  and  the  halogen  atoms  acquire  almost  complete  pos- 
session of  the  electrons. 

In  order  to  express  this  idea  of  chemical  union  in  sjrmbols  I  would  sug- 

^  When  the  separation  occurs  in  a  nonpolar  environment  the  atoms  may  separate 
in  such  a  way  that  each  retains  one  of  the  two  common  electrons,  as  in  the  thermal  dis> 
sodation  of  iodine  gas. 
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gest  the  use  of  a  colon,  or  two  dots  arranged  in  some  other  manner,  to 
represent  the  two  electrons  which  act  as  the  connecting  links  between  the 
two  atoms.  Thus  we  may  write  Cl«  as  CI  :  CI.  If  in  certain  cases  we 
wish  to  show  that  one  atom  in  the  molecule  is  on  the  average  negatively 
charged  we  may  bring  the  colon,  nearer  to  the  negative  element.  Thus 
we  may  write  Na  :  I,  and  I  :  CI.  Different  spadngs  to  represent  differ- 
ent degrees  of  polarity  can  of  course  be  more  freely  employed  at  a  black- 
board than  in  type. 

It  will  be  noted  that,  since  in  the  hydrogen-helium  row  we  have  the 
rule  of  two  in  the  place  of  the  rule  of  eight,  the  insertion  of  one  electron 
into  the  shell  of  the  hydrogen  atom  is  entirely  analogous  to  the  comple- 
tion of  the  cube  in  the  case  of  the  halogens.  Thus  we  may  consider 
ordinary  hydrogen  as  a  hydride  of  positive  hydrogen  in  the  same  sense 
that  chlorine  may  be  regarded  as  a  chloride  of  positive  chlorine.  But 
Hs  is  far  less  polar  even  than  Cl^.  The  three  main  t3rpes  of  hydrogen 
compounds  may  be  represented  therefore  by  H  :  CI,  H  :  H,  and  Na  :  H. 

We  may  go  further  and  give  a  complete  f ormida  for  each  compound 

by  using  the  symbol  of  the  kernel  instead  of  the  ordinary  atomic  symbol 

and  by  adjoining  to  each  symbol  a  mmiber  of  dots  corresponding  to  the 

number  of  electrons  in  the  atomic  shell.    Thus  we  may  write  H :  H, 
••  ••        ••  •• 

H*0:H|  H^I^i  ^l!!:,  but  we  shall  see  that  in  many  cases  such  a 
••  ••       ••  •• 

formula  represents  only  one  of  the  numerous  extreme  tautomeric  forms. 
For  the  sake  of  simplicity  we  may  also  use  occasionally  formulae  which 
show  only  those  electrons  concerned  in  the  union  of  two  atoms,  as  in  the 
preceding  paragraphs. 

It  is  evident  that  the  type  of  tmion  which  we  have  so  far  pictured, 
although  it  involves  two  electrons  held  in  common  by  two  atoms,  never- 
theless corresponds  to  the  single  bond  as  it  is  commonly  used  in  graphical 
formulae.  In  order  to  illustrate  this  point  further  we  may  discuss  a  prob- 
lem which  has  proved  extremely  embarrassing  to  a  number  of  theories 
of  valence.  I  refer  to  the  structure  of  ammonia  and  of  ammonium  ion. 
Ammoniimi  ion  may  of  course,  on  accoimt  of  the  extremely  polar  charac- 
ter of  ammonia  and  hydrogen  ion,  be  regarded  as  a  loose  complex  due  to 
the  electrical  attraction  of  the  two  polar  molecules.  However,  as  we  con- 
sider the  effect  of  substituting  hydrogen  by  organic  groups  we  pass  grad- 
ually into  a  field  where  we  may  be  perfectly  certain  that  f otu:  groups  are 
attached  directly  to  the  nitrogen  atom,  and  these  groups  are  held  with 
sufficient  firmness  so  that  numerous  stereochemical  isomers  have  been 
obtained.  The  solution  of  this  problem  in  terms  of  the  theory  here  pre- 
sented is  extremely  simple  and  satisfactory,  and  it  will  be  sufficient  to 
write  an  equation  in  terms  of  the  new  symbols  in  order  to  make 
the    explanation    obvious.     Thus    for    NHs  +  H+  =  NH4'+*   we    write 
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H'N»  +H  =  H:N*H.    When  ammonium  ion  combines  with  chloride 

••  •• 

H  H 

ion  the  latter  is  not  attached  directly  to  the  nitrogen  but  is  held  simply 
through  electric  forces  by  the  ammonium  ion. 

While  the  two  dots  of  our  formulae  correspond  to  the  line  which  has 
been  used  to  represent  the  single  bond,  we  are  led  through  their  use  to 
certain  formulae  of  great  significance  which  I  prestune  wotdd  not  occur 
to  anyone  using  the  ordinary  symbols.  Thus  it  has  been  generally  as- 
sumed that  what  is  known  as  a  bivalent  element  must  be  tied  by  two 
bonds  to  another  element  or  elements,  or  remain  with  an  "unsaturated 
valence."  On  the  other  hand,  we  may  now  write  formulae  in  which  an 
atom  of  oxygen  is  tied  by  only  one  pair  of  electrons  to  another  atom  and 
yet  have  every  element  in  the  compound  completely  saturated.  To 
illustrate  this  important  point  we  may  write  the  f ormida  of  perchlorate, 
sulfate,  orthophosphate  and  orthosiUcate  ions,  in  which  each  atom  has  a 

:6: 


complete  sheU   of   eight  electrons.     Thus   :OJX'Os  represents  all  of 

•• 
these  ions.  If  X  is  CI  the  ion  has  one  negative  charge;  if  S  it  has  two 
negative  charges,  and  so  on.  The  union  of  sulfur  triozide  to  oxide  ion 
to  form  sulfate  ion  is  similar  to  the  addition  of  ammonia  and  hydrogen 
ion  to  form  ammonium  ion.  The  adds  or  acid  ions  are  produced  from 
the  above  ion  by  adding  hydrogen  ion,  or  H,  to  the  oxygen  atoms. 

We  may  next  consider  the  double  band  in  which  four  electrons  are  held 
conjointly  by  two  atoms.    Thus  Pig.  4,  A,  may  represent  the  typical 

structtue  of  the  molecule  of  oxygen. 
A  characteristic  feature  of  the  double 
bond  is  its  tendency  to  "break." 
When  this  happens  in  a  symme- 
trical way,  as  it  will,  except  in  a 
highly  polar  environment,  it  leaves 
the  two  atoms  concerned  in  the  odd  state,  each  with  an  unpaired  elec- 
tron in  the  shell.  In  so  far  as  a  substance  with  a  double  bond  assumes 
this  other  tautomeric  form,  it  will  show  all  the  properties  of  the  substances 
with  odd  molecules.  Thus  Fig.  4,  B,  represents  this  tautomeric  form 
of  the  oxygen  molecule;  the  equilibrium  between  forms  A  and  B  is  entirely 
analogous  to  the  equiUbrium  between  N2O4  and  NO2.  At  low  tempera- 
tures almost  every  known  case  of  combination  with  oxygen  gives  first  a 
peroxide.  This  shows  that  oxygen  exists  to  an  appreciable  degree  in  a 
form  which  approximates  to  the  form  B,  in  which  it  can  add  directly  to 
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other  atoms  precisely  as  ethylene  forms  addition  compounds.    These 

two  forms  of  oxygen  (which,  of  course,  may  merge  into  one  another  by 

••      ••  ••    •• 

continuous  gradations)  can  be  represented  as  :  O :  :  O :  and  :  O :  O : ,  and 

H     H  H  H 

the  two  forms  of  ethylene^  as  H:C:  :C:H  and  H:C  :  C:H. 

•     • 

The  instability  of  multiple  bonds  and  the  underlying  principle  of 
Baeyer's  Strain  Theory  we  shall  discuss  presently,  but  before  proceeding 
further  in  this  direction  it  is  important  to  consider  the  general  relation 
between  the  strength  of  the  constraints  which  hold  a  molecule  together 
and  the  stability  of  the  molecule.  The  term  "stability"  is  used  in  two 
very  different  senses,  according  as  we  think  of  the  tendency  of  a  reaction 
to  occur,  or  the  speed  of  that  reaction.  We  speak  of  nitric  oxide  as  an 
extremely  stable  substance  although  it  is  thermodynamically  unstable, 
and  the  free  energy  involved  in  its  decomposition  is  enormous,  but  it  is 
so  inert  that  it  suffers  no  appreciable  change.  A  high  degree  of  inertness 
means  ordinarily  very  rigid  constraints  operating  within  the  molecule, 
but  these  powerful  forces  may  operate  only  over  a  very  small  distance 
so  that  the  work  done  in  overcoming  them  may  be  very  small.  To  illus- 
trate this  point  let. us  consider  a  piece  of  iron  suspended  by  a  magnet. 
It  is  drawn  downwards  by  the  force  of  gravity  and  upwards  by  the  mag- 
netic field,  and  while  the  net  amount  of  work  obtained  by  separating  it 
from  the  magnet  and  allowing  it  to  fall  to  earth  may  be  positive,  it  never- 
theless wiU  not  fall  of  itself,  but  can  only  be  drawn  from  the  magnet  by 
a  force  far  greater  than  that  of  gravitation.  So  in  the  case  of  the  mole- 
cule, thermodynamic  stability  is  closely  associated  with  the  work  of  break- 
ing some  bond,  but  the  inertness  of  the  molecule  depends  upon  the  force 
required  to  break  that  bond. 

Before  considering  triple  bonds,  for  which  the  cubical  structure  offers 
no  simple  representation,  I  wish  to  discuss  some  ideas  in  the  recent  de- 
velopment of  which  I  am  greatly  indebted  to  suggestions  made  by  Dr. 
L.  Rosenstein,  Dr.  E.  Q.  Adams  and  Mr.  F.  R.  von  Bichowsky,  as  well 
as  to  the  work  of  Mr.  A.  L.  Parson,  to  which  I  have  already  referred.  In 
my  early  theory  the  cube  was  the  fundamental  structtu'e  of  all  atomic 
shells.  We  have  seen,  however,  in  the  case  of  elements  with  lower  atomic 
weights  than  lithiiun,  that  the  pair  of  electrons  forms  the  stable  group, 
and  we  may  question  whether  in  general  the  pair  rather  than  the  group 
of  eight  should  not  be  regarded  as  the  fundamental  tmit.  Perhaps  the 
chief  reasons  for  assuming  the  cubical  structiu-e  were  that  this  is  the  most 
qrmmetrical  arrangement  of  eight  electrons,  and  is  the  one  in  which  the 

>  I  Bhall  postpone  a  disctission  of  the  important  bearing  of  such  formulae  upon  the 
problem  of  the  conjugate  double  bond. 
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electrons  are  farthest  apart.  Indeed  it  seems  inherently  probable  that  in 
elements  of  large  atomic  shell  (large  atomic  volume)  the  electrons  are 
stuEciently  far  from  one  another  so  that  Coulomb's  law  of  inverse  squares 
is  approximately  valid,  and  in  such  cases  it  would  seem  probable  that  the 
mutual  repulsion  of  the  eight  electrons  would  force  them  into  the  cubical 
structure. 

However,  this  is  precisely  the  kind  of  a  priori  reasoning  which  we  have 
decided  not  to  employ  in  this  paper,  and  when  we  consider  only  known 
chemical  phenomena,  and  their  best  interpretation  in  terms  of  atomic 
structure,  we  are  led  to  assume  a  somewhat  different  arrangement  of  the 
group  of  eight  electrons,  at  least  in  the  case  of  the  more  nonpolar  sub- 
stances whose  molecules  are  as  a  rule  composed  of  atoms  of  small  atomic 
volume. 

The  nattue  of  this  arrangement  is  shown  in  Fig.  5.  The  cube  repre- 
senting the  electron  structure  that  we  have  hitherto  assumed  for  the  car- 
bon atom  is  joined  to  four  other  atoms,  which  are  not 
shown  in  the  figure,  but  which  are  attached  to  the  ca'-bon 
atom  each  by  a  pair  of  electrons.  These  pairs  are  indi- 
cated by  being  joined  by  heavy  lines.  Assuming  now,  at 
least  in  such  very  small  atoms  as  that  of  carbon,  that 
each  pair  of  electrons  has  a  tendency  to  be  drawn  together, 
perhaps  by  magnetic  force  if  the  magneton  theory  is  cor-  ^  p. 
rect,  or  perhaps  by  other  forces  which  become  appre- 
ciable at  small  distances,  to  occupy  positions  indicated  by  the  dotted 
circles,  we  then  have  a  model  whidi  is  admirably  suited  to  portray 
aH  of  the  characteristics  of  the  carbon  atom.  With  the  cubical  struc- 
ture it  is  not  only  impossible  to  represent  the  triple  bond,  but  also  to 
explain  the  phenomenon  of  free  mobility  about  a  single  bond  which  must 
always  be  assumed  in  stereochemistry.  On  the  other  hand,  the  group 
of  eight  electrons  in  which  the  pairs  are  symmetrically  placed  about  the 
center  gives  identically  the  model  of  the  tetrahedral  carbon  atom  which 
has  been  of  such  signal  utility  throughout  the  whole  of  organic  chemis- 
try. 

As  usual,  two  tetrahedra,  attached  by  one,  two  or  three  comers  of  each, 
represent  respectively  the  single,  the  double  and  the  triple  bond.  In 
the  first  case  one  pair  of  electrons  is  held  in  common  by  the  two  atoms, 
in  the  second  case  two  such  pairs,  in  the  third  case  three  pairs. 

The  triple  bond  represents  the  highest  possible  degree  of  union  between 
two  atoms.  Like  a  double  bond  it  may  break  one  bond,  producing  two 
odd  carbon  atoms,  but  it  may  also  break  in  a  way  in  which  the  double 
bond  cannot,  to  leave  a  single  bond  and  two  carbon  atoms  (bivalent), 
each  of  which  has  a  pair  of  electrons  which  is  not  bound  to  any  other 
atom.    The  three  tautomeric  forms  may  be  represented  in  the  case  of 
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acetylene  by  H :  C  :  :  :  C  :  H,  H  :  C  :  :  C  :  H,  and  H :  C  :  C  :  H .    In 

addition  we  have  a  form  corresponding  to  Nef 's  acetylidene  and  such  forms 
as  may  exist  in  highly  polar  media,  such  as  the  acetylide  ion  :  C  : : :  C  :  H  . 

The  instability  of  multiple  bonds,  as  well  as  the  general  phenomenon 
of  ring  formation  in  organic  compoimds  is  admirably  interpreted  by  the 
Strain  Theory  of  Baeyer.  This  theory  may,  however,  be  put  into  a  far 
more  general  form  if  we  make  the  simple  assumption  that  all  atomic 
kernels  repel  one  another,  and  that  molecules  are  held  together  only  by  the 
pairs  of  electrons  which  are  held  jointly  by  the  component  atoms.  Thus 
two  carbon  atoms  with  a  single  bond  strive  to  keep  their  kernels  as  far 
apart  as  possible,  and  this  condition  is  met  when  the  adjoining  comers 
of  the  two  tetrahedra  lie  in  the  line  joining  the  centers  of  the  tttrahedra. 
This  is  an  essential  element  of  Baeyer's  theory  of  ring  formation.  When 
a  single  bond  changes  to  a  multiple  bond  and  the  two  atomic  shells  have 
two  pairs  of  electrons  in  common,  the  kernels  are  forced  nearer  together 
and  the  mutual  repulsion  of  these  kernels  greatiy  weakens  the  constraints 
at  the  points  of  junction.  This  (liminution  in  constraint  therefore  pro- 
duces a  remarkable  effect  in  increasing  the  mobility  of  the  electrons. 
In  any  part  of  a  carbon  chain  where  a  number  of  consecutive  atoms  are 
doubly  bound  there  is  in  that  whole  portion  of  the  molecule  an  extraor- 
dinary reactivity  and  freedom  of  rearrangement.  This  freedom  usually 
terminates  at  that  point  in  the  chain  where  an -atom  has  only  single  bonds 
and  in  which  therefore  the  electrons  are  held  by  more  rigid  constraints, 
although  it  must  be  observed  that  an  increased  mobility  erf  electrons  (and 
therefore  increased  polarity)  in  one  part  of  the  molecule  always  produces 
some  increase  in  mobility  in  the  neighboring  parts. 

Let  us  turn  now  to  a  problem  in  the  solution  of  which  the  theory  which 
I  am  presenting  shows  its  greatest  serviceability.  The  electrochemical 
theories  of  Davy  and  BerzeUus  were  overshadowed  by  the  "valence" 
theory  when  the  attention  of  chemists  was  largely  drawn  to  the  nonpolar 
substances  of  organic  chemistry.  Of  late  the  electrochemical  theories 
have  come  once  more  into  prominence,  but  there  has  always  been  that 
antagonism  between  the  two  views  which  invariably  results  when  two 
rival  theories  are  mutually  exclusive,  while  both  contain  certain  elements 
of  truth.  Indeed  we  may  now  see  that  with  the  interpretation  which 
we  are  now  employing  the  two  theories  need  not  be  mutually  exclusive, 
but  rather  complement  one  another,  for  the  "valence"  theory,  which  is 
the  classical  basis  of  structural  organic  chemistry,  deals  with  the  ftmda- 
mental  structure  of  the  molecule,  while  electrochemical  considerations 
show  the  influence  of  positive  and  negative  groups  in  minor  distortions 
of  the  fundamental  form.  Let  us  consider  once  for  all  that  by  a  negative 
element  or  radical  we  mean  one  which  tends  to  draw  towards  itself  the 
electron  pairs  which  constitute  the  outer  shells  of  all  neighboring  atoms, 
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-and  that  an  electropositive  group  is  one  that  attracts  to  a  less  extent,  or 
repels,  these  electrons.  In  the  majority  of  carbon  compounds  there  is 
very  little  of  that  separation  of  the  charges  which  gives  a  compound 
a  polar  character,  although  certain  groups,  such  as  hydroxyl,  as  well 
as  those  containing  multiple  bonds,  not  only  themselves  possess  a  de- 
cidedly polar  character,  but  increase,  according  to  principles  already  dis- 
cussed, the  polar  character  of  all  neighboring  parts  of  the  molecule.  How- 
ever, in  such  molecules  as  methane  and  carbon  tetrachloride,  instead  of 
assuming,  as  in  some  current  theory,  that  fotu:  electrons  have  definitely 
left  hydrogen  for  carbon  in  the  first  case,  and  carbon  for  chlorine  in  the 
second,  we  shall  consider  that  in  methane  there  is  a  slight  movement  of 
the  charges  toward  the  carbon  so  that  the  carbon  is  sUghtly  charged 
negatively,  and  that  in  carbon  tetrachloride  they  are  slightly  shifted  to- 
wards the  chlorine,  leaving  the  carbon  somewhat  positive.  We  must  re- 
member that  here  also  we  are  dealing  with  averages  and  that  in  a  few 
-out  of  many  molecules  of  methane  the  hydrogen  may  be  negatively  charged 
and  the  carbon  positively.  • 

In  a  substance  Uke  water  the  electrons  are  drawn  in  from  hydrogen 
to  oxygen  and  we  have  in  the  limiting  case  a  certain  number  of  hydrogen 
^toms  which  are  completely  separated  as  hydrogen  ion.  The  amount  of 
separation  of  one  of  the  hydrogen  atoms,  and  therefore  the  degree  of 
ionization,  will  change  veiy  grtotly  when  the  other  hydrogen  atom  is 
substituted  by  a  positive  or  negative  group.  As  a  familiar  example  we 
may  consider  acetic  acid,  in  which  one  hydrogen  is  replaced  by  chlcnrine, 
HjClCCOOH.  The  electrons,  being  drawn  towards  the  chlorine,  permit 
the  pair  of  electrons  joining  the  methyl  and  carboxyl  groups  to  approadi 
nearer  to  the  methyl  carbon.  This  pair  of  electrons,  exercising  there- 
fore a  smaller  repulsion  upon  the  other  electrons  of  the  hydroxy  1  oxygen, 
permit  these  also  to  shift  in  the  same  direction.  In  other  words,  all  the 
electrons  move  toward  the  left,  producing  a  greater  separation  of  the 
electrons  from  the  hydrogen  of  the  hydroxyl,  and  thus  a  stronger  add. 
This  simple  explanation  is  applicable  to  a  vast  ntunber  of  individual 
cases.  It  need  only  be  borne  in  mind  that  although  the  ejQFect  of  such  a 
displacement  of  electrons  at  one  end  of  a  chain  proceeds  throughout 
the  whole  chain,  it  becomes  less  marked  the  greater  the  distance,^  and 
the  more  rigid  the  constraints  which  hold  the  electrons  in  the  intervening 
atoms. 

This  brief  account  of  the  theory  of  atomic  and  molecular  structure  could 
be  extended  almost  indefinitely  by  illustrations  of  its  appUcation  to  numer- 
ous tjrpes  of  compounds,  but  I  believe  enough  has  been  said  to  show  how, 

^  The  distance  to  be  considered  is  the  actual  distance.  Thus  when  a  chain  of  five 
or  six  links  assumes  a  ring-like  form,  the  two  ends  have  a  great  influence  upon  each 
other*  as  has  been  pointed  out  by  Michael  in  numerous  cases. 
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through  simple  h3rpotheses,  we  may  explain  the  most  diverse  types  of 
chemical  miion  and  how  we  may  construct  models  which  illustrate  the 
continuous  transition  between  the  most  polar  and  the  most  nonpolar  of 
substances.  I  shall  therefore  conclude  this  paper  with  a  brief  discussion 
of  a  phenomenon  which  bears  closely  upon  the  ideas  which  have  been 
presented  here. 

The  Color  of  Chemical  Compounds. 

When  a  particle  is  held  in  position  by  definite  constraints,  it  is  capable 
of  vibrating  with  a  definite  frequency,  and  this  frequency  is  determined 
solely  by  the  magnitude  of  the  constraints^  and  by  the  mass  of  the  parti- 
cle. When  such  a  particle  is  electrically  charged  and  subjected  to  the 
alternating  electromagnetic  forces  which  constitute  a  beam  of  light, 
and  when  the  frequency  of  the  light  is  near  to  the  characteristic  frequency 
of  the  particle,  the  latter  is  set  to  vibrating  and  through  frictional  proc- 
esses the  energy  of  the  light  is  absorbed. 

The  two  kinds  of  charged  particles  which  exist  in  chemical  substances 
are  charged  atoms  and  electrons.  The  former,  on  account  of  their  rela- 
tively large  mass,  have  low  characteristic  frequencies  which  are,  as  far 
as  I  am  aware,  always  far  below  the  frequencies  of  visible  light  and  there- 
fore cause  absorption  only  in  the  ultrared  spectrum.  The  electrons,  on 
the  other  hand,  because  of  their  small  mass  and  the  rigid  constraints  by 
which  they  are  ordinarily  bound,  usually  have  frequencies  higher  than 
those  of  visible  Ught  and  therefore  absorb  light  only  in  the  ultraviolet. 
The  majority  of  substances  therefore  show  no  special  absorption  of  visible 
light  and  are  therefore  colorless. 

When,  however,  either  by  a  change  in  the  constitution  of  the  molecule 
or  through  a  change  in  the  environment,  the  constraints  acting  upon 
an  electron  become  weaker,  the  frequency  of  that  electron  becomes  less. 
It  may  then  begin  to  absorb  visible  light  of  the  highest  frequency,  namely 
the  violet  and  blue,  and  the  transmitted  light  is  therefore  yellow.  When- 
ever a  colorless  substance  becomes  colored  through  slight  changes  by 
substitution  of  somewhat  different  groups  within  the  molecule,  or  by  grad- 
ual change  in  the  environment,  the  substance  is  always  yellow.  But  if 
the  changes  are  made  more  pronounced  and  the  characteristic  frequency 
of  the  electron  or  electrons  concerned  is  still  further  lowered,  so  that  the 
maximum  of  absorption  is  in  some  other  part  of  the  visible  spectrum, 
different  colors  will  be  produced,  and  ultimately  when  the  electron  is 
nearly  freed  from  constraint,  as  in  the  case  of  an  alkali  metal  dissolved 
in  liquid  ammonia,  the  maximtmi  of  absorption  is  in  the  ultra-red  and 
red,  and  a  blue  color  results. 

*  If  the  constraints  are  not  unif omi  in  all  directions  there  will  in  general  be  three 
fundamental  frequencies  corresponding  to  the  three  axes  of  constraint,  along  which  the 
constraints  are  respectively  at  a  maximum,  at  a  minimum  and  at  a  minimax. 
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Now  colored  substances  are  the  very  ones  in  which,  according  to  our 
theory,  the  electrons  are  least  firmly  held.  Thus  such  substances  as 
nitrogen  dioxide  and  sodium  vapor,  which  contain  an  uneven  ntunber 
of  electrons  and  which  therefore  hold  one  of  the  electrons  very  loosely, 
are  colored.  If,  however,  sodium  combines  with  chlorine  the  electron 
becomes  firmly  held  by  the  latter  element  and  when  nitrogen  dioxide  com- 
bines even  with  itself  to  form  N2O4  the  electron  is  again  firmly  held  and 
the  color  disappears.  Indeed,  with  the  exception  of  NO,  every  one  of 
the  substances  with  odd  molecules  which  we  have  listed  is  colored.  The 
tri-aryl  methyls  show  a  remarkable  analogy  to  NOj.  In  nonpolar  media 
they  show  an  increase  of  color  when  the  conditions  so  change  as  to  in- 
crease the  amotmt  of  the  monomolecular  or  odd  molecules.  Thus  the  color 
is  increased  by  rising  temperature  or  by  increasing  dilution,  but  the  color 
of  these  substances  in  a  polar  environment  is  due  to  another  cause,  the 
discussion  of  which  would  lead  us  into  the  whole  question  of  the  triphenyl 
methane  dyes. 

Turning  now  to  substances  containing  an  even  number  of  electrons, 
we  see  in  the  case  of  the  halogens  how  the  intensity  and  character  of  the 
color  vary  with  the  polar  character.  Thus  the  electrons  which  are  con- 
cerned in  the  union  of  the  two  atoms  of  iodine  are  held  by  weaker  con- 
straints than  in  the  case  of  bromine,  and  so  on  through  the  group.  The 
electrons  in  fluorine,  being  most  firmly  held,  absorb  only  the  extreme  violet 
end  of  the  visible  spectrum.  • 

In  general,  color  and  a  high  degree  of  polarity  go  hand  in  hand,  as  is 
abundantly  shown  in  the  great  dass  of  organic  dyes.  Both  of  these  phe- 
nomena are  due  to  the  same  cause,  namely  the  weakness  of  the  constraints 
acting  upon  one  or  more  electrons. 

It  has  frequently  been  noticed  that  there  is  a  striking  parallelism  be- 
tween color  and  the  possibility  of  tautomeric  change,  and  it  has  been  as- 
sumed by  some  that  color  is  in  some  way  due  to  an  alternation  between 
two  extreme  tautomeric  forms.  But  this  is  not  precisely  the  case.  When 
electrons  are  sufficiently  free  to  produce  absorption  in  the  visible  spec- 
trum, that  part  of  the  molectde  in  which  they  are  will  always  be  hig^y 
polar  and  reactive,  and  there  will  be  opportunity  for  free  transition  from 
one  limiting  form  to  another.  Thus  if  a  tautomeric  process  consists 
chiefly  in  the  movement  of  electrons,  there  will  be  electrons  in  some  mole- 
cules which  are  hung  by  loose  constraints  between  the  two  extreme  forms, 
and  these  are  the  electrons  which  will  have  a  sufficiently  low  character- 
istic frequency  to  produce  color. 

In  the  class  of  elements  which  have  not  been  considered  in  the  present 
paper  many  are  found,  such  as  manganese  and  cobalt,  which  give  a  great 
variety  of  colored  compounds.  The  difficulty  in  interpreting  the  com- 
pounds of  these  elements  in  terms  of  the  present  theory  lies,  I  believe. 
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in  the  fact  that  the  kernel  of  the  atom  is  not  uniquely  and  permanently 
defined.  It  seems  probable  that  in  these  elements  there  is  a  possibility 
of  the  transfer  of  electrons  either  from  one  part  of  the  kernel  to  another, 
or  between  the  kernel  and  the  outer  shell,  or  possibly  between  two  sepa- 
rate outer  shells  of  the  same  atom,  and  that  electrons  which  are  suspended 
midway  between  two  such  stages  are  responsible  for  the  absorption  of 
light  in  these  cases. 

BSuuutY,  Cau 
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A  STUDY  OF  THE  ACTION  OF  ALKALI  ON  CBRTAIN  ZINC  SALTS 
BY  MEANS  OF  THE  HYDROGEN  ELECTRODE. 

Bt  Josl  H.  Hilpsbkand  and  W.  O.  Bowsks. 
Received  January  24,  1916. 

The  reaction  that  occurs  when  zinc  hydroxide  is  dissolved  in  a  strong 
alkali  has  been  the  subject  of  considerable  investigation.  Carrara^  has 
stated  that  the  alkaline  solution  contains  salts  of  the  type  Na«ZnOt, 
making  the  hydroxide  a  dibasic  add.  Porster  and  Gfinther*  have  ob- 
tained the  solid  compound  NaHZnOj.aHaO,  and  Comey  and  Jackson* 
a  solid  compound  having  the  formtda  Na4Zn306.i8HsO.  We  may  mention 
also  the  soHd  alkaline  earth  zincates  of  the  t3rpe  Ca(HZn02)i  reported  by 
Bertrand.*  A  number  of  investigators  have  endeavored  to  distinguish 
between  the  formulas  ZnOi —  and  HZn02~  for  the  zincate  ion.  Perhaps  . 
the  most  reliable  work  is  that  of  Hantzsch,*  who  concludes  that  the  zinc 
hydroxide  is  dissolved  mainly  as  a  colloid,  but  also  to  a  slight  extent  as 
HZnOj-. 

Most  of  the  text-books  on  general  chemistry  state  that  the  reaction 
for  the  solution  of  zinc  hydroxide  in  alkali  is  given  by  the  equation  (here 
written  in  the  ionic  form) 

HjZnOj  +  2OH-  =  2H2O  +  ZnOj-- 
fai  spite  of  the  fact  that  the  reaction  represented  by 

HiZnOa  +  OR-  =  H2O  +  HZnOj- 
is  in  much  better  accord  with  the  evidence,  and  also  with  the  usual  be- 
havior of  weak  polybasic  acids.  We  find  almost  invariably  that  a  second 
hydrogen  atom  ionizes  much  less  readily  than  the  first,  as  seen  by  the 
ease  with  which  it  is  possible  to  prepare  acid  salts  of  such  acids.  It  woidd 
be  very  strange,  therefore,  if  the  first  main  product  of  the  neutralization 
of  zinc  hydroxide  with  sodium  hydroxide  were  a  solution  of  NaaZnOa. 

*  Can.  chim.  ital,,  30,  II,  35  (1900). 

*  Z.  Elektrochem.,  6,  302  (1899). 
■  Am,  Chem.  7.,  11,  145  (1889). 

*  Compt.  rend.,  115,  939,  1028  (1892). 
»  Z.  anarg.  Chem.,  30,  289  (1902). 
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In  a  previous  publication^  on  the  general  application  of  the  hydrogen 
electrode,  it  was  shown  how  clearly  the  reaction  between  aluminum  hy- 
droxide and  alkali  could  be  followed  by  this  method.  Instead  of  alum- 
inum hydroxide  being  tribasic  in  its  action  towards  alkali,  as  is  so  fre- 
quently stated  in  the  text-books,  it  was  shown  to  be  monobasic*  The 
success  of  the  hydrogen  electrode  in  dealing  with  the  constitution  of 
aluminates  has  suggested  its  application  to  other  amphoteric  hydroxides. 
The  general  method  of  procediure  and  the  apparatus  used  have  been 
explained  in  the  earUer  paper  and  the  description  will  not  be  repeated 
here.  • 

A  large  ntunber  of  titrations  were  made  with  solutions  of  zinc  halides 
containing  usually  an  excess  of  the  particular  acid,  and  a  few  also  with 

solutions  of  zinc  sulfate, 
^he  curves  obtained 
with  the  solutions  of 
zinc  chloride,  bromide, 
and  iodide  were  so  con- 
cordant that  it  is  use- 
less to  repeat  them  all, 
and  we  represent  one  in 
<:the  figure  which  may 
serve  as  an  illustration 
of  the  whole  series.  At 
the  beginning  of  the  ti- 
tration the  solution  had 
a  volume  of  loo  cc.  and 
contained  0.00044  mol 
of  zinc,  and  about 
0.0008  mol  of  HBr  in 
excess.  This  was  titrated 
with  0.287  N  NaOH. 
The  big  rise  in  the  curve 
at  c  corresponds  to  the 
completion  of  the  pre- 
cipitation of  zinc  hy- 
droxide. We  were  much 
siirprised  to  note  the 
extra  inflection  during  the  first  portion  of  the  curve  at  a,  and  fotmd  that 
it  was  pronotmced  only  when  there  was  an  excess  of  acid  in  the  solu- 
tion. Fiuthermore,  the  portion  of  the  curve  from  a  to  6  represents  one 
equivalent  of  alkali  per  mol  of  zinc,  and  the  portion  from  b  to  c  repre- 
1  Hildebrand,  Tms  Journal,  35,  847,  1538  (1913}* 
*  See  also  Blum,  Ibid,,  35>  i499  (1913)- 
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sents  two  equivalents.  Since  but  two  equivalents  of  alkali  are  needed  to 
jJtecipitate  zinc  hydroxide,  and  since  the  precipitate  appears  just  a  little 
before  6,  the  only  very  obvious  interpretation  of  the  course  of  the  curve 
from  a  to  6  is  that  this  represents  the  neutralization  of  a  weak  acid  having 
the  composition  HZnBrs.  The  presence  of  the  ZnBr2  makes  one  equiv- 
alent of  HBr  much  weaker  than  it  would  otherwise  be.  Before  the  point 
a  is  reached  we  are  neutralizing  free  HBr,  acting  as  a  strong  acid,  and  if 
all  of  the  excess  HBr  were  free  we  would  expect  the  curve  up  to  b  to  fol- 
low approximately  the  dotted  line  in  the  figm*e,  as  was  the  case  when 
zinc  sulfate  was  used.  This  same  peculiar  behavior  was  found  with  each 
of  the  three  halides,  so  that  we  feel  justified  in  assuming  the  existence  in 
solution  of  HZnCU»  HZnBrj  and  HZnIs.  Confirmation  of  this  conclusion 
is  found  in  the  report  by  M.  R.  EngeU  of  solid  compounds  having  the 
composition  HZn2CU*2H20  and  HZnCU.2H20,  both  of  which  would 
fall  between  a  and  b  on  our  curve.  Since  the  position  of  this  portion 
of  the  curve  is  nearly  the  same  in  each  case,  the  three  complex  adds 
seem  to  be  of  about  the  same  strength.  The  dissociation  constant 
may  be  inferred  roughly  from  the  curve.  A  point  half  way  from  a  to  6 
represents  equal  concentrations  of  the  acid  and  its  ion,  if  the  latter  is  not 
much  dissociated  into  simpler  ions,  and  hence  the  hydrogen  ion  concen- 
oentration  at  this  point  equals  the  dissociation  constant.  Taking  the 
corresponding  e.  m.  f.  as  0.48  volt,  the  hydrogen  ion  concentration,  and 
also  the  dissociation  constant,  is  about  4.10"*. 

We  will  now  turn  our  attention  to  the  portion  of  the  curve  from  c  to  d. 
Though  not  very  great,  a  well  defined  inflection  is  apparent  at  d.  This 
means  that  the  alkali  is  not  free  to  exert  its  full  effect  in  raising  the  e.  m.  f . 
till  after  d  is  passed,  having  been  acted  on  before  d  by  the  zinc  hydroxide. 
Since  the  amotmt  of  alkali  used  between  c  and  d  corresponds  to  one  equiv- 
alent, it  is  obvious  that  the  reaction  here  occurring  is 
H2ZnO,  +  OH-  =  H2O  +  HZnO,- 
The  precipitate  is  not  all  dissolved  at  d,  but  this  is  not  surprising,  as  the 
add  is  so  weak  that  a  large  excess  of  alkali  must  be  present  in  order  to 
make  one  equivalent  of  it  react.  The  inflection  at  d  can  be  shown  mathe- 
matically to  indicate  that  the  amounts  of  add  and  base  are  equivalent, 
even  if  neutralization  is  far  from  complete.  There  is  no  indication  of 
the  neutralization  of  the  second  hydrogen  atom  of  the  zinc  hydroxide, 
and  a  very  large  excess  of  alkali  must  be  necessary  for  it  to  take  place 
even  to  a  slight  extent. 

The  solution  is  far  from  being  dear  at  d,  though  the  zinc  hydroxide  is 

usually  in  suspension  at  this  point.    The  addition  of  alkali,  therefore, 

must  be  regarded  as  doing  two  things,  just  as  Hantzsch  daims.     Part 

of  the  alkali  is  adsorbed,  changing  the  coagultun  of  zinc  hydroxide  to  a 

*  CampL  rend.,  loa,  1068  (1886). 
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suspension,  and  part  of  the  alkali  neutralizes  the  zinc  hydroxide  giving 
the  acid  zincate.  That  there  is  no  very  great  distinction  between  these 
processes  is  evident  when  we  consider  that  zinc  hydroxide,  like  altuninum 
hydroxide,  silicic  acid,  etc.,  is  colloidal,  so  that  its  formula  really  is 
(HtZn02)}|.^H20.  It  is  hard  to  see  any  great  distinction  between  the  ad- 
sorption of  0H~  by  such  a  molecule,  considered  as  a  colloidal  particle, 
on  the  one  hand,  and  its  gradual  neutralization,  considered  as  a  poly- 
add,  on  the  other  hand.  As  the  neutralization  by  0H~  (or  adsorption 
of  OH"")  proceeds,  the  molecule  (or  colloidal  particle)  becomes  progressively 
smaller,  until  finally  the  add  zincate  ion  is  produced.  The  solid  poly- 
zincate,  NaaZn«06.i8H20,  reported  by  Comey  and  Jackson,  is  evidence 
in  favor  of  this  point  of  view.  A  similar  relation  undoubtedly  exists 
between  siUdc  add  and  the  silicates. 

Summary. 

There  exists  in  solutions  of  zinc  chloride,  bromide  and  iodide,  each  con- 
taining an  excess  of  the  corresponding  add,  a  weak  add  of  the  type 
HZnCU. 

Zinc  hydroxide  acts  towards  alkali  essentially  as  a  monobasic  add. 

BSftKBI.ST,   CAI^ 
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THE  EXTRAPOLATION  OF  CONDUpTANCE  VALUES. 

By  Mbrlb  Randai,l. 
Received  January  31.1916. 

In  connection  with  researches  upon  the  electrical  conductivity  of 
aqueous  solutions,  a  function  of  the  form  i/A  =  i/A©  +  KCcA)*"*" 
has  been  very  largely  used  in  order  to  obtain  the  equivalent  conductance,. 
Ao,  at  infinite  dilution.  In  the  above  function  A  is  the  equivalent  con- 
ductance at  the  concentration  c,  K  is  a  constant,  and  n  is  a  number  which, 
for  aqueous  solutions,  lies  between  1.3  and  1.7.  The  value  of  n  is  so- 
chosen  that  the  graph  obtained  by  plotting  the  values  of  i/A  against 
(cAy^^  is  nearly  a  straight  line,  and  two  other  graphs  corresponding: 
to  ndghboring  values  of  n,  on  opposite  sides  of  the  first  line,  are  also  drawn 
so  as  to  aid  in  determining  the  most  probable  point  (i/Ao)  at  which 
the  graphs  cut  the  i/A  axis.^ 

While  the  method  outlined  above  enables  one  to  obtain  the  best  value 
for  the  equivalent  conductance  at  zero  concentration,  the  calculations- 
are  quite  laborious,  and  unless  the  data  are  quite  accurate  and  complete 
for  the  very  dilute  solutions,  the  result  is  somewhat  uncertain. 

1  A.  A.  Noyes,  Tms  Journai<,  30,  335  (1908);  J.  Johnston,  Ibid.,  31,  loio  (1909) 
discusses  the  use  of  the  function  and  gives  a  plot  which  shows  the  general  shape  of  the 
graphs  obtained. 
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Nqyes  and  Falk^  have  recently  given  accurate  calculations  of  the  A© 
value  and  percentage  ionization'  for  a  large  number  of  salts  by  the  above 
method.  Abbott  and  Bray^  have  shown  that,  if  percentage  ionization 
of  a  salt  is  plotted  against  its  ion  concentration,  the  ionization  curves 
of  salts  of  the  same  valence  type  do  not  intersect.  The  relation  is  more 
obvious  if  the  percentage  ionization  is  plotted,  not  against  the  ion  concen- 
tration but  against  the  square  root  of  the  ion  concentration  as  in  Fig.  i. 


50 


40 


-t^^^  1 1 1  i>-i 


0.1  0.3 

Square  root  concentration. 
Fiff.  I. — Percentage  ionization  of  t3rpe  salts. 
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It  is  also  found  that  the  salts  of  a  single  valence  type  divide  themselves 
into  several  distinct  groups.  Thus,  of  the  salts  of  the  tmi-univalent 
type  in  tenth  molal  solution,  the  chlorides,  bromides  and  iodides  of  lithium, 
sodium,  potassium,  rubidium,  caesitmi  and  ammonium  are  all  ionized 
to  about  the  same  extent.*  The  ionization  of  the  nitrates,  bromates 
and  chlorates  of  the  alkali  metals,  and  of  the  halides  of  silver  and  thallitun 
is  several  per  cent,  lower,  and  the  ionization  of  silver  nitrate  and  thallium 
nitrate  is  still  several  per  cent,  lower. 

As  the  zero  of  concentration  is  approached  the  difference  in  the  per- 
centage ionization  becomes  smaller.  If  we  may  provisionally  assume 
that  the  ionization  of  a  salt  such  as  thaUous  chloride  is  the  same  as  that  of  a 

^  Noyes  and  Falk,  This  Journal,  34,  454  (1912). 

*  The  ionization  is  here  defined  by  the  conductance  ratio  A /A© .  This  definition  is 
made  for  convenience.  The  validity  of  the  extrapolation  is  independent  of  the  as- 
tttmption  that  the  conductance  ratio  gives  the  true  ionization. 

»  Abbott  and  Bray,  Tms  Journai*,  31,  729  (1909). 

*  Lewis,  Ibid.,  34,  163 1  (191 2). 
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salt  such  as  potassium  chloride,  the  conductance  of  which  has  been  care- 
fully measured,  and  the  Ao  value  determined  by  any  reliable  method, 
as  that  mentioned  above,  the  equivalent  conductance  at  zero  concen- 
tration is  given  by  the  usual  equation 

Ao  =  A/a 
in  which  a  is  the  degree  of  ionization.^    Thus  in  Col.  2  of  Table  I  is  given 
the  percentage  ionization  of  potassiimi  chloride  at  18°,  in  Col.  3  the  con- 
ductance of  thallous  chloride,  and  in  Col.  4    the  value  of  ATlCl/oKCl. 

Tabi^h  I. 


MiUlmola 
per  Uter. 

100  aigo  KO. 

A,g«  TlCl. 

ATICI 
«KCI' 

O.I 

99.2 

130.3 

X31.4 

0.2 

99.0 

130.0 

131. 3 

0.5 

98.5 

129.2 

131. 2 

I.O 

97.9 

128.2 

131. 0 

2.0 

971 

126.8 

130.6 

5.0 

95.6 

123.7 

129.4 

lO.O 

94.1 

120.2 

127.8 

If  the  actual  values  for  the  conductivity  ratio  of  thallous  chloride,  instead 
of  those  for  KCl,  had  been  used,  Col.  4  would  have  been  constant,  and 
equal  to  A©  for  TlCl.  We  have  seen  that,  as  the  dilution  is  increased, 
the  ionization  of  TlCl  approaches  that  of  KCl  more  closely,  becoming 

Tabi;b  II. 
Ionization  Values  of  Typical  Salts  of  Various  Valence  Types  at  18®  (a/a©). 

Milliequivolents  per  liter. 

Salt.  '  ' 


20.       50.,     100. 

92.2  88.9  86.0 

88.3  83.4  78 
85.1  80.3  76 
81.8  74.4  67 
78.0  69.4  62 
73.8  62.7      . 

..      70.5      . 

54.1 

59- 1 


67.0 


43 


8 


0.1.      0.2.        0.5.  1.  2.         5.  10. 

KCl 99.299.0    98.5     97.997.195.6      94.1 

LilOa 99.198.7     97.9      97.095.893.6        91.2 

MgClj 98.4  97.8    96.7     95.5  93.9  91.0  88.3 

Ba(NOf)« 98.497.8    96.7     95.393.489.8  86.1 

TI1SO4 (96.4)94-892.488.2  83.7 

PbClj (96.0)    94.391.786.5  80.8 

KaQHftO: 96.4     94.892.688.2  81.7* 

MX«« 94.5     92.288.682.3  75.5 

K4Fe(CN)e 85.9     ..  71.2* 

CUSO4 96.194.4    90.5     86.280.470.9  62.9      55.0 

MX4* 90.1       83.9*  74.2    64. 2«  54.348.1 

MXi^ 85.2     77.2*  65.2  55. ©•  45-6  40.3 

*  Noyes  and  Falk,  This  Journai,,  34,  455  (1912). 
'12.5  millinormal. 

'  No  accurate  detennination  of  the  conductance  of  salts  of  this  type  is  available. 
Theoretical  values  in  which  i  —  a  for  a  salt  of  this  type  was  considered  equal  to 
3/2(1  —  a)  for  TI1SO4  have  been  found  very  useful. 

^  Tetra  sodium  benzene  pentacarboxylate.    Noyes  and  Lombard,  Tms  Journai„ 

33f  1423  (1911). 

*  0.6  millinormal. 

*  6.0  millinormal. 

^  Penta  sodium  benzene  pentacarboxylate. 
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equal  at  infinite  dilution.  If,  then,  we  plot  the  values  of  AUCl/aKCl 
against  the  ion  concentration,  or,  better,  against  the  square  root  of  the 
ion  concentration,  and  extrapolate  this  curve  graphically  to  zero  concen- 
tration we  will  obtain  for  TlCl  Aoi8«  *"  131 -4-  Noyes  and  Palk  found 
131.4.  Even  in  the  case  of  very  accurate  data  a  rough  plot  will  suffice 
to  give  an  acctuttte  extrapolation. 

The  ionization  values  at  18^  calculated  by  Noyes  and  Palk  for  a  number 
of  typical  salts  of  the  various  valence  types  are  given  in  Table  II. 

The  examples  given  in  Table  III  will  illustrate  the  extreme  simplicity 
of  the  method  outlined  above. 

Tabls  m. 


MiUleqttivalciitB  .*• 
per  liter.  ^ 


X 

a 

5 
10 
30 
50 


66.7 
66.4 
65.9 
65.2 
64.4 
63.1 


IS 

>\> 

"93 
XI9.X 
X19.X 

1 19.3 
1 18.9 


o 
m 


I 

e 


I55.I 
155.7 
156.3 
156.9 
159.3 


154.4 
153.7 
152.3 
150.8 
147.5 


i 

& 

e 

1254 
"5.7 
X86.8 

I38.I 

129.7 
134. 1 


125.3 

X25.I 
125.0 
124.6 
124.3 


I39.« 


140.0 
141.4 


The  Ao  value  calculated  by  this  new  method  for  LilOa,  using  KCl  as 
the  reference  salt,  was  67.3,  in  agreement  with  the  valtie  calculated  t^ 
Noyes  and  Falk.  For  Ba(Br08)2  Ao  is  119.2,  while  the  longer  method 
gives  I30.0.  When  K2SO4  is  compared  with  Ba(NO|)s  Ao  is  154.O1  with 
MgCli  Ao  is  155.4,  niean  154.7.  Noyes  and  Falk  found  154.8.  Likewise^ 
Mg(N0a)8  compared  with  Ba(N08)j  gave  A©  =  124.4,  and  with  MgC^ 
Ao  —  125.4.  '^hc  ^^  result  is  entitled  to  much  greater  weight,  sii^oe 
the  variation  of  the  latter  ratio  is  much  smaller,  hence  Ao  is  taken  as 
125.3.  Noyes  and  Falk  found  Ao  =  125.6.  In  the  case  of  La(NOa]^ 
the  new  value  138.6  is  certainly  much  nearer  the  correct  value  than  that 
of  iioyes  and  Falk,  namely,  142.6. 

In  general,  that  salt  is  chosen  for  the  reference  salt  which  makes  the 
provisional  value  of  Ao  most  nearly  constant.  In  some  cases  it  is  ad-' 
visable  to  choose  several  reference  salts,  and  take  the  average.  It  is  not 
necessary  that  the  reference  salt  be  chosen  at  the  same  temperature^ 
for  the  ionization  curves  do  not  cross  as  the  temperature  is  changed.  It 
will  often  be  possible  by  the  aid  of  three  or  four  points  to  determine  a 
fairly  accurate  value  of  Ao ,  as  in  the  case  of  La(N08)8. 

In  a  large  number  of  papers  published  recently^  the  percentage  dis- 
sociation has  been  calculated  from  the  equation  100  a  =  iooju/moo  where  Moo 
is  the  highest  value  of  /a  (Siemen's  units^)  measured,  obtained  sometimes  at 

^  Watkins  and  Jones,  Tms  Journal,  37«  2626  (1915). 

*  The  use  of  the  obsolete  Siemen's  units  for  expressing  conductance  data  leads  to 


Digitized  by 


Google 


fS»  PRBDKRICK  H.  GBTMAN. 

id24;£Uid^metimes  at  2048  and  4096  liters.  These  "percentage  ionizations" 
oirnously  have  no  significance  since  the  values  of  Moo  (reduced  to  mhos) 
am  in  no  case  as  large  as  Ao  obtained  by  any  method  of  extrapolation. 
The  div^ence  is  greatest  in  the  case  of  polyionic  salts.  Moreover, 
cotodttctfvity  measurements  are  in  most  cases  unreliable  at  these  extreme 
dilutions.  In  the  papers  cited  the  equivalent  conductance  at  2048  liters 
i^  dftenless  than  at  1024  Uters.  The  method  outlined  in  the  {Mresent  paper 
will  enable  one  rapidly  to  extrapolate  conductance  values  and  in  the  case 
of*  inconsistent  and  incomplete  data  to  obtain  approximately  correct  per- 
centage ionization  values. 
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Received  February  1,  1916. 

The  present  paper  contains  a  brief  summary  of  the  results  of  a  series 
of  experiments  carried  out  with  a  view  to  determining  the  constancy 
and  reproducibility  of  the  lead  electrode.  The  methods  employed  are 
essentially  those  described  in  previous  papers  dealing  with  the  repro- 
ducibility of  the  copper  electrode^  and  the  reproducibility  of  the  cadmium 
eleqtrode.'  In  both  of  these  papers  it  was  pointed  out  that  the  varia- 
tion^ observed  in  the  potential  of  electrodes  cast  or  drawn  from  the  metals 
ymier  investigation  were  most  satisfactorily  explained  on  the  ground 
of  allotropism.  The  recent  studies  of  Cohen  and  his  co-workers'  on  the 
metastability  of  the  metals,  has  established  the  existence  of  metallic 
^UptTQpes  beyond  any  question. 

Evidence  of  the  allotropism  of  lead  has  been  adduced  by  Heller^  who 
observed  that  when  a  piece  of  freshly  cast,  pure  lead  was  immersed 
in  a  solution  of  lead  acetate,  acidified  with  nitric  acid,  it  gradually  imder- 
went  transformation  into  a  gray  modification,  the  change  being  complete 
in  about  three  weeks.    This  gray  modification  was  found  to  be  brittle 

much  confusion.  Electrical  measuring  instruments  as  now  manufactured  are  calibrated 
ia  international  ohms  and  not  in  Siemen's  ohms.  In  the  paper  of  Watkins  and  Jones 
references  are  given  to  numerous  other  papers  from  the  Johns  Hopkins  Laboratory 
in  which  Siemen's  units  are  used.  In  the  most  recent  article  (Lloyd,  Wiesd  and  Jones, 
Tms  JouKMAL,  sSy  121  (19 16))  the  conductances  are  presumably  in  Siemen's  units 
sHhough  it  is  not  so  stated  by  the  authors.  In  general,  investigators  both  here  and 
abroad  use  international  ohms. 

^  Getman,  Trans.  Am.  Electrochem.  Soc,  a6,  67  (1914). 

*  Getman  and  Gibbons,  Tms  Journal,  37,  953  (1915)- 

*  Cohen,  Verslag  Akad.  Wetenschappen,  16,  485,  565,  628,  632,  807  (1913-14);  17, 
54.  59.  60,  122,  200  (1914);  aSt  754i  896  (1914);  23,  1220  (1915);  x8»  91  (1915);  Z.- 
physik.  Chem.,  85, 419  (1913);  8?.  409, 419. 426.  43i  (1914);  891  493,  728,  733.  74^.  748, 
757  (1915);  Trans.  Faraday  Soc,,  10,  216  (19x5). 

*  Z.  physik.  Chem.,  89,  761  (1915)- 
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and  easily  reduced  to  a  powder  by  pressure  between  the  fingers.  •  H« 
also  pointed  out  that  the  change  takes  place  in  solutions  of  lead  nitrate 
and  lead  chloride,  and  that  the  transformation  is  accelerated  by  the  addi* 
tion  of  a  small  amount  of  nitric  add. 

Furthermore,  there  is  no  change  if  lead  is  immersed  in  solutions  of 
nitric  add,  acetic  add  or  sodiiun  acetate  alone,  thus  proving  that  the, 
transformation  into  the  gray  modification  is  due  to  the  lead  ions  fumidied 
by  the  lead  salt.  In  a  private  communication  to  Prol.  Cohen,  H^Uer 
described  an  experiment  in  which  a  soluticm  of  lead  acetate,  addled 
with  nitric  add,  was  dectrolyzed  between  lead  dectrodes  in  order  to 
obtain  a  lead  tree.  After  standing  for  three  weeks,  the  electrodes  were 
found  to  have  crumbled  to  a  grayisii  powder.  •  * 

Upon  inoculating  a  piece  of  freshly  cast  pure  lead  with  soam  et  the 
powder  obtained  in  this  experiment  and  immersing  it  in  an  acidified 
solution  of  lead  acetate.  Heller  observed  that  the  plate  underwent  rapid 
disintegration. 

These  results  have  since  been  confirmed  by  Cohen  and  HddefmaH^ 
and  also  by  the  author. 

Cohen  and  Helderman  also  noted  that  it  is  possible  to  produce  a  lead 
tree  by  immersing  pure  metallic  lead  in  an  addified  solution  of  lead  kcetat^ 
or  in  a  30%  solution  of  lead  nitrate,  the  rapidity  of  growth  being  increase 
by  rise  of  tempenature.  ,     -  -     ! 

Smilar  results  have  recently  been  obtained  by  Crdghton^  by  deetiOr 
IjTzing  a  solution  of  nitric  add  (sp.  gr.  1.42)  between  lead  dectrodt^ 
eiBplo3dng  a  current  of  N.  D.ioo  »  12.5  amperes  at  6  volts.  At  the  4nd  of 
eight  hours,  when  the  current  was  stopped,  an  examination  of  the  oatliQde 
showed  that  it  had  lost  the  diamcteriatic  properties  of  lead  and  had 
become  transformed  into  a  gray  mass  which  could  be  easily  ppwc^red 
between  the  fingers.  This  modification  of  lead  appears  to  be  iden%i^ 
with  that  obtained  by  Heller  and  Cohen. 

The  investigations  of  Cohen  and  Hdderman'  with  the  pycnomi^ter  afi(l 
the  dilatometer  make  it  appear  highly  probable  that  more  than  tp{0 
allotropic  modifications  of  lead  are  present  in  freshly  cast  spedmc^lQS  of 
the  metal.  This  is  shown  by  the  following  data  taken  from  Cohen's 
papers:  The  density  of  a  freshly  cast  specimen  of  lead  was  found  to  bfs 
d^V  =  1 1.324.  The  metal  was  then  immersed  in  Heller's  soluticm  (400  ,g. 
lead  acetate  in  1000  cc.  of  water  to  which  is  added  100  cc.  of  nitric  add 
(sp.  gr.  1. 16))  and  allowed  to  stand  for  three  weeks  at  a  temperature  of 
15®.  The  density  was  now  found  to  have  increased  to  11. 341.  On  re- 
peating the  experiment  at  50^  and  allowing  the  metal  to  remain  immersed 

1  Verslag  Akad.  Wetenschappen,  17,  822  (1915). 
«  Crdghton,  Tms  Journai,,  37,  2064  (1915). 
>  Loc.  cit. 
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in  the  solution  for  five  days,  the  density  decreased  to  11.313.  Further 
Mfunersion  in  the  solution  for  six  da3rs  at  25  ^  caused  the  density  to  increase 
to  11.328.  The  following  results  were  obtained  by  Cohen  with  the  dila- 
tometer:  At  50.8^  there  was  a  fall  of  700  mm.  in  34  hours,  whereas 
Ht  74*4^  there  was  a  rise  of  275  mm.  in  2V4  hours.  In  view  of  these  re- 
sults it  seemed  highly  probable  that  electrodes  of  freshly  cast  lead  would 
^  more  or  less  unstable  and  that,  as  in  our  previous  work  on  copper  and 
cadmium,  a  constant  and  reproducible  lead  electrode  must  be  sought 
in  9L  form  of  the  metal  which  is  stable  under  ordinary  laboratory  con- 
ditions. 

Outline  of  Method. 

Numerous  galvanic  combinations  have  been  employed  in  stud3ring 
the  electromotive  behavior  of  lead,  but  the  one  which  seemed  to  be  best 
<Kti4>ted  to  the  present  problem  is  the  foUowing: 

Pb  —  sat.  sol.  PbCl,  |I  o.i  N  KCl,  HgCl  —  Hg 

A  cell  very  similar  to  this  was  used  by  Abegg  and  Labendztndd^  in  an 
investigation  of  the  constitution  of  salts,  the  lead  electrode  consisting  of 
an, electrolytic  deposit  of  lead  on  a  platinum  wire  and  the  calomel  elec- 
trode being  made  up  with  N  KCl.  The  electromotive  force  of  the  ceU 
at  room  temperature  was  found  to  be  0.456  volt. 

.In  the  present  investigation  the  lead  electrode  was  prepared  in  a  variety 
of  different  wa3rs,  with  a  view  to  determining  the  most  constant  and  re- 
producible form.  The  study  of  the  electrochemical  behavior  of  the  differ- 
Wt  lead  electrodes  was  supplemented  by  microscopical  ezaminatioii 
as  in  our  previous  work  on  cadmium  electrodes. 

Prepamtioii  of  Materials. 
The  lead  used  in  this  investigation  was  obtained  from  two  different 
but  equally  reliable  firms.  It  was  purified  with  great  care  and  its  purity 
was  tested  by  spectroscopic  examination  with  a  Hilger  spectrograph. 
The  only  foreign  metal  which  could  be  detected  was  a  trace  of  molybdenum. 
'The  saturated  solution  of  lead  chloride  was  prepared  by  precipitating 
a  solution  of  pure  lead  nitrate  with  hydrochloric  add,  washing  by  de- 
cantation  with  cold  distilled  water  until  nearly  free  from. add  and  then 
finally  washing  on  the  filter  with  95%  alcohol.  The  lead  chloride  so 
obtained  was  transferred  to  a  bottie  and  shaken  with  distilled  water  at 
25^,  thus  insuring  a  saturated  solution  at  the  temperature  at  which  the 
Electromotive  measurements  were  to  be  carried  out.  The  calomel  elec- 
trode was  prepared  in  the  usual  manner,  care  being  taken  to  use  only 
the  purest  materials  and  to  secure  ao.i  N  KCl  solution  completely  satu- 
rated with  calomd. 

^  Z.  Elektrochem.,  10,  77  (1904). 
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Apparatus. 
The  meastirements  of  electromotive  force  were  made  by  the  familiar 
compensation  method,  using  a  Wheatstone  bridge  and  enclosed  type  of 
capillaiy  electrometer  siensitive  to  o.oooi  volt  as  a  null  instrument. 

The  standard  cell  used  was  of  the  Weston  type  and  was  frequently 
compared  with  a  cell  recently  standardized  by  the  Bureau  of  Standards. 
AD  comparisons  of  the  Weston  cell  with  the  laboratory  standard  cell 
were  made  by  means  of  a  potentiometer  reading  to  o.ooooi  volt. 

The  experimental  cell  was  similar  to  that  used  by  Gibbons  and  Getman^ 
in  their  study  of  nonaqueous  solutions  of  silver  nitrate. 

The  lead  electrodes  were  prepared  in  five  different  ways,  as  follows: 
(i)  Casting  the  purified  lead  in  sticks  3  nun.  in  diameter  and  7  cm.  long; 
(2)  amalgamating  cast  stick  electrodes;  (3)  depositing  lead  dectrolytically 
on  spirals  of  platinum  wire;  (4)  depositing  lead  dectrolytically  on  cast 
stick  dectrodes;  and  (5)  immersing  stick  dectrodes  in  an  addified  solu- 
tion of  lead  acetate  (Hdler's  solution). 

The  amalgamated  dectrodes  were  obtained  by  rubbing  mercury  over 
the  lead  sticks  with  a  piece  of  filter  paper. 

Considerable  difficulty  was  experienced  in  securing  an  adhesive  de- 
posit  of  lead  on  the  platinum  spirals.    After  tr3ring  various  methods, 
very  satisfactory  results  were  obtained  by  using,  as  an  dectrolytic  bath, 
a  10%  solution  of  lead  nitrate  containing  5%  glacial  acetic  add  and  1% 
of  Barbadoes  aloes,  as  recommended  by  Mathers  and  McKinney.*    The 
platinum  spirals  were  made  by  coiling  3  cm.  of  No.  28  wire  (B.  and  S. 
gauge)  around  the  apex  of  a  filter  cone  and  then  flattening  the  resulting 
conical  spiral  on  a  plane  surface.    Bach  of  these  spirals'  was  made,  in 
turn,  the  cathode  of  an  dectrolytic  cell,  in  which  a  piece  of  pure  lead 
served  as  the  anode.    A  current  of  20  milliamperes  at  2  volts  was  passed 
for  30  minutes,  at  the  end  of  which  time  a  gray  adherent  deposit  of  lead 
was  obtained.    The  same  procedure  was  followed  in  depositing  lead  dec- 
trolytically upon  the  lead  sticks. 

All  of  the  volumetric  apparatus  employed  was  carefully  calibrated. 
The  temperature  of  the  cdls  was  maintained  constant  to  within  o.oi^ 
by  means  of  an  dectrically  heated  thermostat  having  a  capadty  of  55 
liters. 

Experimental  Results. 

Two  entirely  independent  series  of  experiments  were  carried  out  in 
the  investigation  of  the  electromotive  behavior  of  lead.  The  materials 
ised  in  making  up  the  cells  for  the  two  series  were  derived  from  different 
K>tirces   and  were  subjected  to  separate  processes  of  purification.    In 

^  This  Jqxjksal,  36, 1645  (1914)* 

»  Trans,  Am.  Electrochem.  Soc.,  37,  131  (1915). 
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Tables  I,  II,  III,  IV  and  V  are  given  the  results  obtained  with  cells  made 
up  according  to  the  following  scheme: 

Pb  —  sat.  sol.  PbClj  ||  o.i  N  KCl,  HgCl  —  Hg 


Table  I.- 

—Freshly 

Table  II.- 

—Amalgamated 

Table  V. 

—Electrolytic 

Cast  Electrodb. 

Electrode. 

Lead  on  PLATmuM. 

T.  (hrs.). 

E.  M.  P.  volt. 

T.  (hrs.). 

e. 

M.  P.  volt. 

T.  Chrs.). 

E.  M.  p.  vdt- 

• . 

0.5206 

0.5178 

0.5221 

2.5 

0.5203 

0.75 

0.5I9I 

0.5 

0.5216 

3.5 

0.5201 

3.0 

0.5196 

1.0 

0.5228 

4.0 

0.5194 

4.0 

0.5177 

2.25 

0.5236 

23.5 

0.5198 

5.0 

0.5188 

19.0 

0.5219 

24.0 

0.5204 

24.5 

0.5186 

20.25 

0.5214 

27.0 

0.52x0 

27.25 

0.5x34 

21.25 

0.5223 

28.0 
46.0 

0.5203 
0.5196 

72.0 

0.5183 

24.0 

0.52x6 

25.5 

0.522X 

Mean, 

0.5186 

41.5 

0.5204 

Mean,  0.5202 

45.75 

0.5214 

50.0 

0.520X 

ABLE  III.- 

-Electrolttic 

Table IV.--SncK Electrode    65.5 

0.5225 

Lead 

ON  Lead 

Immersed  for  17  Days  in 

Heller' 

s  Solution. 

Mean,  0.5218 

T.  (hr«.). 

e.  m.  p.  volt. 
0.5231 

T.  <hn.). 

6. 

M.  P.  volt. 

0.5327 

0.5 

0.5222 

0.25 

0.5302 

I.O 

0.5226 

1. 00 

0.5301 

3.0 

0.5227 

17.75 

0.5306 

4.5 

0.5224 

20.0 

0.5301 

23.0 

0.5226 

22.5 
Mean, 

0.5327 

Mean,  0.5226 

0.5310 

Table  VI  (First  Series). 


Fkcshly  cast  electrodes. 

Amalgamated  electrodes. 

Stick  electrodes  traited  wUb 

Heller's  solzL 

ObMT-    Time       E.  M.  P. 
TaUons.    (hrs.).          volt. 

Obaer.    Time       E.  M.  P. 
vationfl.  (hn.).          volt. 

Obaer- 

VStiOflB. 

Time 
(hrt). 

E.  M.  p. 
volt. 

xo      46.0      0.5202 

8      28.5      0.5204 

12 

95.5 

0.5252^ 

7       24.0       0.5194 

10       29.7        0.5170 

9 

52.75 

0.5283* 

7        24.5       0.5190 

8      72.0      0.5186 

XI 

II4.4 

0.5277^ 

9 

71.0 

0.5267* 

Mean,  0.5195 

Mean,  0.5187 

10 

96.0 

0.527I* 

Lead  on  lead  electrodes. 

Lead  on  platinum. 
6      48.0      0.5212 
5      23.5      0.52x8 

6 

335.5 
Mean. 

0.5239* 

6      23.5      0.5217 
6      23.0      0.5226 

0.5265 

Mean,  0.5221  Mean,  0.5215 

*  3  weeks'  immersion  in  Heller's  solution. 
'  6  days'  immersion  in  Heller's  solution. 

*  8  days'  immersion  in  Heller's  solution. 

*  Electrode  cast  from  lead  disintegrated  by  Heller's  solution. 
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The  diaracter  of  the  lead  electrode  was  varied  as  indicated  in  each  table. 
The  temperature  at  which  all  of  the  cells  were  maintained  was  25  °  ^  o.oi  ^. 
In  the  first  column  of  the  tables  is  given  the  interval  of  time,  T»  which 
elapsed  since  the  initial  measurement  at  the  moment  when  the  cell  was 
immersed  in  the  bath,  and  in  the  second  column  is  given  the  electromotive 
force.    The  probable  error  of  these  measiurements  is  about  0.1%. 

A  summary  of  the  results  oi  the  two  series  of  experiments  is  given  in 
Tables  VI  and  VII. 

Tablb  VII  (Sbcond  Sbkois). 


Freshly  cost  electrodes. 

Obacrva-                   B.  M.  P. 

tions.  T.  (tan.).        Tolt. 

8       69.25       0.5x83 
10       42.25       0.5200 

Let 

Obsenr«. 

tlOD*. 

9 
10 

13 

id  on  plfttimttn. 

B.  M.  P. 
T.  (hn.).        volt. 

37-75       0.5221 

74.5         0.5218 

65.5         0.5218 

5.9         0.5218 

Electrodes  tre 
Heller's 

Obaerra- 

.  tiooB.  T.  (tan.). 

10       51.0 

7  43.5 
6       21.0 
6      22.0 

8  20.1 

Mean, 

Atedwith 
soln. 
B.  M.  F. 

TOlt. 

0.5^00^ 
0.5274* 

Mean,  0.5192 

0.5193' 
0.5310' 

Mean,  0.5219 

0 . 5304* 

.  0.5256 

Discttssion  of  Results. 

An  examination  of  the  foregoing  tables  brings  out  the  fact  that  while 
there  is  very  little  di£ference  between  the  potentials  of  the  five  types 
of  lead  electrode  studied,  yet  the  most  constant  and  reproducible  is  the 
electrode  formed  by  deposition  of  lead  on  platintun.  Contrary  to  our 
expectation  the  widest  variation  (xrcurred  with  the  lead  sticks  which 
had  been  immersed  for  different  periods  of  time  in  Heller's  solution. 
The  experiments  would  seem  to  indicate  that  immersion  in  Heller's  solu- 
tion tends  to  make  the  lead  electrode  more  negative.  The  change  in 
potential,  however,  is  not  proportional  to  the  time  of  immersion,  as  is 
shown  by  the  experiment  of  Series  II  where  an  electromotive  force  of 
o«5304  volt  was  obtained  after  eleven  days'  immersion  in  Heller's  solution* 
whereas  an  immersion  of  three  weeks  in  Series  I  developed  an  electromotive 
force  of  only  0.5283  volt. 

The  electromotive  force  of  cells  in  which  the  lead  electrode  had  been 
immersed  in  Heller's  solution  almost  invariably  diminished  rapidly  and 
came  to  constancy  at  about  0.5220  volt.  The  subjoined  table  gives  a 
series  of  t3rpical  results. 

Tablb  VIII. 

T.  (minutes) o  10  20  40  50  60 

B.  M.  P.  volt 0.5304    0.5252    0.5232    0.5224    0.5220    0.5220 

1  I  week's  immersion  in  Heller's  solution. 
'  3  days'  immersion  in  Heller's  solution. 
'17  days'  immersion  in  Heller's  solution. 
*  I X  days'  immersion  in  Heller's  solution. 
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On  representing  the  data  of  this  table  graphically,  plotting  time  on  the 
axis  of  abscissae  and  logarithms  of  electromotive  force  on  the  axis  of 
ordinates,  it  was  fomid  that  the  relationship  between  these  two  variables 
was  not  rectilinear,  as  should  be  the  case  if  the  change  in  electromotive 
force  were  due  to  the  transition  of  one  modification  of  lead  into  the  other. 

Furthermore,  if  the  gray  modification  of  lead  is  stable  at  ordinary 
temperatures,  there  should  be  no  change  in  the  electromotive  force  of  a 
cell  of  which  it  forms  a  part. 

In  his  recent  lecture  before  the  Faraday  Society,  Cohen^  says: 

"It  is  generally  known  that  when  a  bar  of  any  metal  whidi  is  more  dectranegative 
than  lead  is  suspended  in  a  solution  of  a  lead  salt,  the  lead  is  thrown  out  of  sdution 
and  A  lead  tree  is  fonned." 

He  then  states  that  the  same  phenomenon  occurred  when  a  stick  of 
pure  lead  was  placed  in  Heller's  solution  or  in  a  neutral  solution  of  lead 
nitrate,  the  tree  being  formed  within  a  few  days  at  room  temperature 
or  more  rapidly  at  higher  temperatures.  If  the  gray  form  of  lead  which 
separates  on  the  surface  of  a  stick  of  pure  lead  when  immersed  in  Heller's 
solution,  is  identical  with  Cohen's  lead  tree,  and  hence  is  more  positive 
than  the  freshly  cast  metal,  then  the  electromotive  force  of  a  cell  in  which 
the  gray  modification  forms  the  negative  electrode  should  be  less  than 
the  electromotive  force  of  a  cell  in  which  the  negative  electrode  consists 
of  freshly  cast  lead.  The  results  given  ip  Tables  VI  and  VII  fail  to  con- 
firm this  prediction  based  on  Cohen's  statement,  and  ftuthermore,  all 
of  the  attempts  made  with  the  lead  used  in  these  experiments  to  develop 
a  tree  in  Heller's  solution  or  in  a  solution  of  lead  nitrate  have  failed. 
Additional  experiments  on  cells  involving  the  gray  modification  of  lead 
were  made  with  the  following  combination: 

Pb  (freshly  cast)  —  0.2  N  Pb(NOa)t  —  Pb  (giay) 
The  gray  electrode  was  formed  by  immersing  a  freshly  cast  stick  of  lead 
in  Heller's  solution  for  two  weeks.  According  to  the  data  of  Tables 
VI  and  VII,  the  electromotive  force  of  such  a  cell  at  25**  should  be  about 
7  miUivolts,  the  current  flowing  outside  of  the  cell  from  the  freshly  cast 
to  the  gray  electrode.  In  Table  DC  is  given  the  results  of  one  of  several 
experiments  made  with  the  above  cell,  a  sensitive  potentiometer  having 
been  employed  to  measure  the  minute  electromotive  forces  developed. 

Table  DC. 

Temp.  25*. 

T.  (hrs.) o        0.5      I        2        3        4        5        6        7.5     9.5         21.5 

E.  M.  F.  millivolts  5.065  1.775  i»4i5  x.170  1.090  1.003  0.7600.555  o.'292  — 0.068 — 0.125 

The  initial  value  of  the  electromotive  force  is  about  2  millivolts  less  than 
the  predicted  value,  but  this  discrepancy  may  be  ascribed  to  the  rapidity 
with  which  the  electromotive  force  is  falling.     It  will  be  noticed  that 
*  Loc,  cit. 
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after  nine  hours  the  polarity  of  the  cell  underwent  a  reversal,  which  sug- 
gests that  a  transition  may  have  taken  place  in  one  of  the  electrodes. 
Unfortunately,  attempts  to  dupUcate  these  results  proved  quite  fruitless 
and  experiments  of  a  similar  nature  carried  out  at  the  temperature  of 
melting  ice  failed  to  reveal  any  change  in  the  relative  stabiUty  of  the 
two  fomis  of  lead.  In  some  cases  rapid  reversals  of  the  polarity  of  the 
cell  occurred,  but  this  phenomenon  is  probably  connected  with  surface 
strains  in  the  freshly  cast  electrode. 

On  repeating  the  experiments  with  electrol3rtic  lead  electrodes  the 
results  were  quite  as  unsatisfactory  as  when  freshly  cast  sticks  were 
employed.  Thus,  it  is  evident  that,  until  some  definite  knowledge  is 
obtained  as  to  the  limits  of  stabiUty  of  the  allotropic  forms  of  lead  and 
methods  are  developed  for  their  isolation  in  a  ptue  form,  the  exact  value 
of^'the  potential  of  a  lead  electrode,  reproducible  and  constant  at  ordinary 
temperatures,  cannot  be  obtained.  The  foregoing  experiments  indicate, 
nevertheless,  that  when  lead  is  deposited  electrolytically  on  platinum 
a  practically  reproducible  and  constant  electrode  is  secured. 

From  the  data  of  Tables  VI  and  VII  it  is  possible  to  compute  the  normal 
potential  of  the  lead  electrode.  According  to  Nemst,  the  relationship 
between  the  potential  of  a  single  electrode  and  the  concentration  of  the 
electrolyte  is  given  by  the  equation 

E,  =  E-^log.C«. 

where  E^  is  the  difference  of  potential  between  the  electrode  and  a 
normal  solution  of  ions  furnished  by  the  electrode,  E  the  potential  of 
the  electrode  in  the  given  cell,  C  the  concentration  of  the  electrolyte, 
4x  the  degree  of  ionization  of  the  electrolyte,  R  the  gas  constant,  T  the 
absolute  temperature,  n  the  valence  of  the  ion  ftunished  by  the  electrode 
and  F  the  faraday  equivalent  =  96,540  coulombs. 

From  the  data  compiled  by  Boettger^  for  diiB&cultly  soluble  salts  we 
obtain  the  following  values  for  the  normal  concentration  of  a  saturated 
solution  of  lead  chloride  and  its  degree  of  ionization:  C  ~  0.0692  and 
^  ~  0.956.  Although  these  values  were  obtained  at  18^  it  may  be  as- 
stuned  that  the  corresponding  data  for  25^  will  not  differ  enough  to  pro- 
hibit their  use  in  calculating  the  normal  electrode  potential  of  lead. 

Since  the  potential  of  the  calomel  electrode  with  0.1  N  KCl  at  25^ 
is  0.6186  volt,  the  potential  of  the  lead  electrode  is  0.6186  —  0.5217  « 
>.o969  volt.    Substituting  in  the  above  equation,  we  have 

E^  =  0.0969  —  ?!?5?i  j^^^  (0.0692  X  0.956) 

=  0,1318  volt  at  25**. 
*  Z^  physik,  Chem.,  46,  521  (1903). 
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The  value  of  the  normal  electrode  potential  of  lead  as  given  by  the 
Deutsche  Bunsen  Gesellschaft  is  o.izg  volt  at  i8**. 

The  electrodes  used  in  the  preceding  experiments  were  examined  micro- 
scopically and  numerous  photomicrographs  were  made  to  facilitate  further 
study  of  surface  characteristics,  particular  attention  being  given  to  lead 
immersed  in  Heller's  solution.  The  rapidity  with  which  a  piece  of  freshly 
cast  lead  tmdergoes  transformation  into  the  gray  modification  is  well 
illustrated  by  the  accompanying  photomicrographs.  Owing  to  the  diffi- 
culty of  securing  a  polished  lead  surface,  the  molten  metal  was  cast  in  a 
mold,  the  bottom  of  which  consisted  of  a  piece  of  steel  polished  to  a  plane 
surface.  In  this  way  it  was  possible  to  secure  a  satisfactory  mirror- 
like  surface  of  lead.     In  Fig.  i  is  shown  such  a  surface  under  a  magnifica- 


Fig.  I. — Mag.  190.  Fig.  2. — Mag.  190. 

tion  of  190  diameters.    This  piece  of  lead  was  then  immersed  in  Heller's 
solution  and  allowed  to  stand  at  room  temperatiu*e  for  twenty-fom"  hours. 

It  was  then  removed,  washed  in 
distilled  water,  dried  with  alcohol 
and  ether,  and  reexamined  under 
the  microscope.  The  change  in  its 
appearance  is  well  shown  by  Fig.  2. 
The  piece  of  lead  was  then  re-^ 
placed  in  the  solution  and,  at  fre« 
quent  intervals,  was  removed  in 
order  that  the  change  in  the  char- 
acter of  its  surface  might  be  ob- 
served under  the  microscope.  The 
appearance  of  the  same  surface  after 
an  immersion  of  thirty-four  days  is 
shown    m   Fig.    3.     The   lack    of 


Fig.  3- — Mag.  190. 
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sharpness  of  definition  in  this  photomicrograph  is  due  to  the  fact  that  the 
surface  was  no  longer  plane,  the  solution  having  affected  a  greater  trans- 
formation at  some  points  of  the  surface  than  at  others.  These  photo- 
micrographs are  of  interest  in  connection  with  the  photographs  taken 
by  Cohen^  of  the  same  phenomenon.  While  Cohen's  photographs  are 
natural  size  and  hence  do  not  reveal  the  rapidity  with  which  the  trans- 
formation into  the  gray  modification  of  lead  occurs,  yet  they  bring  out 
more  satisfactorily  than  photomicrographs  the  extent  of  the  disintegration. 

Summary  of  Results. 
(i)  Five  different  types  of  lead  electrode  have  been  studied  in  a  cell 
made  up  in  the  following  manner: 

Pb  —  sat.  sol.  Pb(NO,)«  ||  o.io  N  KCl,  HgCl  —  Hg 
Of  these  five  electrodes  the  only  one  which  proved  to  be  constant  and 
reproducible  to  within  0.3  millivolt  was  that  in  which  the  lead  was  de- 
posited electrol3rtically  on  platinum.  * 

(2)  Freshly  cast  sticks  of  lead,  after  immersion  for  varying  periods  of 
time  in  an  acidified  solution  of  lead  nitrate,  lost  their  ductility  and  other 
properties  coxiunonly  associated  with  lead.  The  gray  mass  thus  obtained 
undoubtedly  is  an  allotropic  modification  of  the  metal. 

(3)  Measurements  of  the  electromotive  force  developed  at  o**  and  25® 
by  cells  in  which  freshly  cast  lead  and  the  gray  modification  formed  the 
electrodes  and  0.2  N  Pb(N03)t  served  as  the  electrolyte,  failed  to  give 
any  positive  indication  of  a  transition  temperature. 

(4)  A  calculation  of  the  normal  electrode  potential  of  lead  was  made 
from  the  mean  value  of  the  electromotive  force  of  cells  involving  a  constant 
and  reproducible  lead  electrode.  The  value  of  this  potential  was  found 
to  be  O.J 318  volt  at  25  ^ 

(5)  The  electrodes  were  examined  imder  the  microscope  and  photo- 
micrographs were  made  to  show  the  rapidity  with  which  freshly  cast 
lead  undergoes  transformation  when  immersed  in  a  solution  of  acidified 
lead  nitrate. 
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The  vapor  pressures  of  calomel,  over  limited  ranges  of  temperature, 
have  been  studied  by  Wiedemann,  Stelzner,  and  Niederscbulte'  and  by 
>  Trans,  Faraday  Soc,,  to,  228  (191 5). 
^  Ber,  deut.  physik.  G$s.,  3|  159  (1905). 
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Smith  and  Menzies.^  The  pressures  of  vapor  in  equilibritun  with  the 
solid  calomel  were  determined  by  the  former  for  temperatures  below  i8o^ 
and  by  the  latter  for  temperatures  above  361°.  In  the  one  series,  the 
highest  pressure  obtained  was  0.5  mm.;  in  the  other,  the  lowest  pressure 
was  more  than  450  mm.  For  some  work  now  nearing  completion  in  this 
laboratory  it  is  necessary  to  have  data  for  certain  points  in  the  wide  tem- 
perature interval  not  previously  investigated.  In  this  paper,  that  in- 
formation is  supplied.  Since  the  entropy  of  vaporization  is  a  more  signifi- 
cant relation  than  is  Trouton's  rule,  or  any  of  the  modifications  of  that 
rule  which  have  been  so  extensively  applied  to  vapor  and  dissociation 
pressures,  the  values  of  this  constant  for  several  dissociating  substances 
have  been  calculated.  We  have  included,  also,  a  discussion  of  the  various 
confimng  fluids  which  may  be  used  in  the  static  isoteniscope. 

The  Apparatus. — ^The  measurements  were  made  by  use  of  the  static 
isoteniscope  and  the  apparatus  previously  described  by  the  authors.' 
The  isoteniscope  was  heated  in  a  vigorously  stirred  bath  of  the  molten 
nitrates  of  sodium  and  potassium.  The  temperature  scale  is  that  based 
on  the  ice  point,  steam  point,  and  sulfur  boiUng  point  (taken  as  444.7^); 
it  could  be  reproduced,  in  successive  calibrations  of  the  platinum  ther- 
mometer, to  within  =^0.03^.  The  pressure  readings  are  corrected  to 
o**  and  sea-levd  at  latitude  45**. 

Confining  Fluids. — In  any  measurement  with  the  static  isoteniscope*. 
the  choice  of  a  suitable  material  to  confine  the  vapors  is  extremely  im- 
portant. In  many  cases  allo3rs,  or  a  pure  metal,  like  bismuth,  may  be- 
used,  but  they  are  of  such  high  density  that  errors  due  to  leveling  may 
correspond  to  several  tenths  of  a  millimeter  of  mercury.  The  equimolar 
mixture  of  sodium  and  potassium  nitrates  is  available  at  temperatures 
above  its  melting  point,  222.4,'  and  below  450^  at  which  the  liberation 
of  oxygen  becomes  appreciable.  The  mixture  gives  a  light,  mobile, 
perfectly  transparent  liquid  which  can  be  leveled  with  precision.  But^ 
unfortunately,  the  hot  nitrates  act  chemically  on  many  vapors  and  thereby 
disturb  the  vapor  pressure  equilibrium.  The  eutectic  of  lithium  and 
potassium  chlorides^  gives,  at  high  temperatures,  a  liquid  having  nxy 
appreciable  vapor  pressure  and  one  which  would  seem  admirably  suited 
for  confining  the  vapor  of  any  chloride.  But  our  experience  has  convinced 
us  of  the  practical  impossibility  of  using  this  mixttue  because,  first,  of 
its  strongly  hygroscopic  nature  and,  secondly,  of  its  attacking  the  glass*, 
thus  rendering  the  isoteniscope  opaque. 

The  ideal  material  for  confining  a  vapor  is  the  liquid  form  of  the  sub- 

*  This  Journai,,  33,  1541  (1910). 

*  Smith  and  Calvert,  Ibid.,  36,  1363  (1914). 

*  Harkins  and  Clark,  Ibid.,  37,  1819  (1915). 

«  Zemczuzng  and  Rambach,  Z.  anorg.  Chem.,  6$,  405  (19 10). 
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stance  whose  vapor  pressure  is  being  determined.  When  the  substance 
sublimes  without  melting,  the  temperature  of  melting  can  often  be  low- 
ered below  the  boiling  point,  even  for  low  pressures,  by  the  addition  of 
another  salt.  Thus,  for  confining  the  vapors  of  the  chloride,  the  bromide 
and  the  iodide  of  ammonium,  we  have  used  the  eutectic  of  the  ammonium 
salt  and  the  corresponding  silver  halide.^  Also  the  eutectic  of  potassium 
chloride  and  the  vaporizing  substance  has  proved  satisfactory  in  at  least 
two  vapor  pressure  measurements,  the  results  of  which  are  yet  to  be  pub- 
lished. 

In  the  work  of  Smith  and  Menzies  on  calomel,'  the  eutectic  mixture  of 
potassium  and  sodium  nitrates  was  employed  as  confining  liquid.  Some 
interaction  of  the  vapor  with  the  nitrates  occurred,  causing  a  slow  rise 
in  pressure  due  to  the  accumulation  of  an  excess  of  mercury  vapor.  The 
vapor  was  expelled  and  replaced  by  a  fresh  supply  immediately  before 
each  reading.  In  the  present  work  two  different  confining  liquids  were 
used  in  two  series  of  measurements,  namely,  in  the  first,  molten  nitrates 
of  sodimn  and  potassium  and,  in  the  second,  the  eutectic  of  potassium 
chloride  and  silver  chloride  containing  three  mols  of  the  former  to  seven 
of  the  latter  and  melting  at  306®.*  With  the  mixture  of  chlorides,  the  rise 
in  pressure,  caused  by  the  dissolving  of  the  mercuric  chloride  in  the  con- 
fining liquid  and  the  accumulation  of  an  excess  of  mercury  vapor,  was 
very  much  slower  than  when  nitrates  were  employed.  By  distilling  the 
vapor  through  the  confining  liquid  and  practically  saturating  the  latter 
with  mercuric  chloride  before  making  an  observation,  the  increase  for  a 
five-minute  interval  was  reduced  to  less  than  one-tenth  of  that  observed 
with  the  nitrates  as  confining  liquid. 

Diuing.  this  boiling-out  process  a  very  large  deposit  of  merciuy  formed 
as  a  mirror  in  the  upper  cool  part  of  the  isoteniscope,  thus  affording  an- 
other proof  that  calomel  vapor  dissociates  giving  free  mercury. 
Table  I.— Vapor  Pressures  op  Caix)m»l— Observations. 


Temp.  •€.                        Pob» 

AP. 

P- 

309.52*                          105. I 

+    2.1 

103.0 

328.28                             180.2 

0.0 

180.2 

340.32*                          259.1 

+    5.4 

253.7 

341*56                            262.0 

+   0.6 

261.4 

354.57                            372.3 

+   0.3 

372.0 

356.34*                          399.1 

+    8.9 

390.2 

366.58                            507.7 

+   O.I 

507.6 

367.72*                          535.5 

4-13.0 

522.5 

375.10                            621.3 

■f   2.9 

618.4 

383.95*                          781.4 

+  16.7 

764.7 

*  Smith  and  Calvert,  Loc.  cU, 

«  Loc,  cU. 

•  Zemczuzng,  Z.  anorg.  Chem,,  57,  275 

(1908) 

•' 

Digitized  by 

Google 


8o4 


AI^BXANDER  SMITH  AND  ROBBRT  PEYTON  CAI<VEST. 


The  Observations. — The  pressures  were  read  five  minutes  after  the 
boiling  out  had  been  stopped  (Fobs.)  and  again  five  minutes  later.  The 
di£Ference  (AP),  when  subtracted  from  Pobt.,  gives  the  pressure  (Po) 
corrected  to  the  time  zero  at  which  the  boiling  out  ceased.  The  results 
are  also  shown  graphically  in  Pig.  i. 


320      330      340      350      360 
Temperature  Celsius. 
Fig.  I. 

An  asterisk  indicates  that  the  observation  was  made  with  the  molten 
nitrates  as  confining  fluid  in  the  bend  of  the  isoteniscope.  Much  more 
weight  is  to  be  given  to  the  results  obtained  by  the  use  of  the  chlorides 
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for  the  confining  liquid;  3net  it  will  be  observed  that  Pig.  2,  in  which  log  P 
is  plotted  against  i/T,  that  the  final  data  for  both  series  gives  points 
lying  closely  along  the  same  straight  line.  This  has  especial  interest 
in  view  of  the  fact  that  the  correction  applied  for  the  increase  in  pressure 
with  time  was  very  large  in  the  one  series  and  almost  negligible  in  the 
other. 

Elirchoff-Ranldn-Dupre  Equation. — For  the  purpose  of  interpolation 
and  for  testing  the  accuracy  of  our  readings,  we  have  derived  an  equation 
of  the  Kirchoff-Rankin-Dupr^  t3rpe. 

log  /?  =  —  ^^^^' ^^  —  12.2309  log T  +  49.2048. 

From  this  we  have  calculated  the  following  dissociation  pressures  of  calo-^ 
mel,  in  nun.  of  mercury,  for  even  temperatures: 

Tabls  II. — Dissociation  Pmsssdrks  op  Caxoussl  at  Evsn  Tbmpsraturss. 


tegree. 

Mm. 

Degree. 

Mm. 

Degree. 

Mm. 

300 

74.4 

340 

251.4 

380 

696.8 

310 

103.0 

350 

329.9 

383.7 

760.0 

320 

140.5 

360 

428.0 

330 

189.2 

370 

548.9 

The  "boiling  point,"  at  760  mm.,  is  383.7°.  Harris  and  Meyer  found 
357°;^  Jonker,  373°;*  and  Smith  and  Menzies,  382.5°.' 

Although  the  solution  of  the  above  equation  for  the  vapor  pressure 
at  any  given  temperature  is  quite  easy,  the  calculation  of  the  tempera- 
ture corresponding  to  a  given  pressure  is  more  troublesome.  Now,  in 
these  measurements  the  chief  errors  lay  in  the  temperature  control  and 
measurement  and  not  in  the  reading  of  the  pressure.  Consequently,  in 
testing  the  consistency  of  the  result,  it  is  preferable  to  express  the  devia- 
tions of  the  individual  observations  from  the  mathematical  curves,  repre- 
sented by  the  Kirchoif-Rankin-Dupr^  equation,  in  degrees  rather  thad 
in  mm.    Table  III  gives,  for  each  pressure,  the  temperature  observed 

Tablb  III. — Dissociation  Prsssxtkbs  of  Calomel. 


Pressure.                 .Temp,  (obs.)- 

Temp.  (calc). 

A. 

103.0                       309.52* 

309.98 

+0.46' 

180.2                        328.28 

328.34 

+0.06* 

253.7                        340.32* 

340.33 

+0.01* 

261.4                       341.56 

341.38 

— 0.18 

372.0                       354-57 

334.56 

— O.OI 

390.2                       356.34* 

356.40 

+0.06 

507.6                       366.58 

366.84 

-1-0.26 

522.5                       367.72* 

367.98 

-1-0.26 

618.4                      375.10 

374.94 

— 0.16 

764.7                       383.95 

383.98 

+0.05 

1  Ber.,  27,  1484  (i894)- 

«  Chem,  Weekblad,  6,  1035  (1909). 

»  Loc.  cU. 
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and  the  temperature  calculated  by  means  of  the  formula  and  the  differ- 
ence ( A)  between  the  two  values.  The  arithmetical  mean  of  these  devia- 
tions is  o.  15®  which,  divided  by  the  square  root  of  the  number  of  obser- 
vations, i.  e.,  by  3,  gives  ^0.05^  as  indicative  of  the  precision  of  the 
measurements. 

The  Entropy  of  Vaporization. — ^Hildebrand^  has  pointed  out  that 
Trouton's  rule,  namely,  that  the  ratio  of  the  heat  of  vaporization  to  the 
boiling  point  of  the  absolute  scale  is  a  constant,  or,  as  he  states  it,  that 
the  entropy  of  vaporization  to  one  atmosphere  pressure,  is  constant, 
does  not  hold  even  for  normal  substances,  especially  at  extreme  tem- 
peratures. The  constants  increase  as  the  boiling  points  are  higher.  He 
points  out  that  for  normal  Uquids  entropy  of  vaporization  to  a  fixed 
molecular  concentration  of  each  vapor  is  more  nearly  constant. 

For  any  vapor,  at  pressiues  so  low  that  the  laws  of  gases  are  appUca- 
ble,  p  =  RTc,  where  c  is  the  molecular  concentration.  Hence,  log  p  ^ 
log  T  +  log  Re.  When  c  is  0.00507  mol  per  Uter,  log  Re  =  — 0.5. 
Now,  d  log  p/d  log  T  =  L/RT.  For  the  purpose  of  comparison  with  Hilde- 
brand's  results,  we  have  calculated  the  value  of  the  entropy  of  vaporiza- 
tion L/RTtf  when  log  p  =  log  T  —  0.5.  Following  him,  we  have  also 
calculated  the  value  of  L/RT^  - 100  where  the  vapor  pressure  is  100 
mm.,  since  at  this  lower  pressure  Trouton's  rule  should  give  more  constant 
values  than  at  760  mm.    The  values  at  760  mm.  are  given  as  well. 

Tabla  rv. — ^Entropy  of  Vaporization  to  Fixed  Molar  Concn.  (c  —  0.00507). 


IS  8^     Si  ^  a  I 


PHJ 20.7  20.5  17.6  301.5*  302.2*  335<>* 

PCU 19.8  20.7  16.8  395  390  435.8 

N<CH,)4C1 17.5  16.4  25.4  469  450  506.3 

N(CHi)4l 18.7  18.7  18.7  534  519  378. S 

NH4CI 17.5  179  16.9  562  544  610.8 

Hgias 17.7  18.7   14,9     604         58a         656.7 

NHiBr 17.2  18.0     16.3        616              593              667.6 

NH4I 18.2  20.1     15.9        627              605              677.9 

Normal  liqs 13.1-13.9  11-15.1 

Asaoc.  liqs 16. 0-16. 7 

For  the  purpose  of  comparison,  the  corresponding  values,  as  given  by 
Hildebrand  for  normal  and  for  associated  Uquids,  are  indicated.  In  the 
case  of  dissociating  substances,  such  as  our  table  contains,  it  was  to  be 
expected  that  the  heats  of  vaporization  (including  heats  of  dissociation) 
would  be  higher.     It  should  be  noted  that  our  values  refer  to  a  constant 

1  This  Journai<,  37,  970  (1915). 
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total  molecular  concentration  both  of  the  undissodated  molecules  and  of 
the  molecules  of  the  products  of  the  dissociation. 

Summary. 

The  dissociation  pressures  of  calomel  for  temperatures  between  309^ 
and  384®  are  given.    The  pressure,  760  mm.^  is  reached  at  383 .7**. 

The  Kirchofif-Rankin-Dupr^  equation  represents  the  results  satisfac- 
torily. 

The  entropies  of  vaporization  to  constant  molecular  concentration  for 
eight  dissociating  substances  are  recorded. 

Confining  liquids  are  discussed. 

Nichols  Labosatobibs  or  Imoboamxc  Chsmxbtbt, 
Columbia  Unxvbbbxtt.  Nbw  Yobk  City. 


[CoNtlUBUnON  FROM  TBB  GBOPHYSICAL  LABORATORY,  CaRNSGIB  iNSTfrUTlON, 

Wasbinoton,  D.  C] 
THE  OXIDES  OF  IRON.    I.  SOLID  SOLUTION  IN  THE  SYSTEM 

FE20s-FEs04^ 

Bt  R.  B.  Sosmam  AMD  J.  C.  HoarSTTBB. 
Received  February  4,  1916. 
Coimorts. — Introduction.  State  of  Knowledge  of  the  Oxides  of  Iron.  Apparatus 
Employed.  Materials:  Ferric  Oxide;  Merck's  "Reagent  Iron  Oxide;"  Oxide  from  Elec- 
trolytic Iron;  Sibley  Ore;  Magnetite;  Oxygen.  Special  Problems:  Optical  Proper- 
ties of  the  Oxides  of  Iron;  Reduction  of  Iron  Oxides  by  Platinum;  Disappearance 
of  Oxygen  in  Furnace;  Adsorption  of  Gases.  Questions  of  Equilibrium:  Repro- 
ducibility of  Dissociation  Pressures;  Accuracy  of  Temperature  and  Pressure; 
Pressures  from  Ferric  Oxide  from  Different  Sources;  Effect  of  Temperature  Gradient 
in  Furnace;  Comparison  of  Rising  and  Falling  Temperatures;  Pressures  Obtained  by 
Oxidation  of  Magnetite.  The  System  FeiOr-Fei04:  Experimental  Results:  General 
Plan;  Methods  of  Analysis;  Total  Iron;  Pressure-composition  Isotherm  at  1200^; 
Pressure-composition  Isotherm  at  iioo^;  Form  of  Dissociation-pressure  Curve  near 
FeiOi;  Optical  Properties.    CompaxJson  with  Previous  Investigations.    Summary. 

Introduction. 
The  silicate  systems  which  have  hitherto  been  the  subjects  of  study 
in  this  laboratory  have  all  been  made  up  of  oxides  which  are  apparently 
unaffected  by  atmospheric  oxygen  at  temperatures  below  1600**.  They 
could  therefore  be  melted  in  platinum-wound  furnaces  in  the  open  air. 
The  oxides  which  can  be  so  treated  include  silica,  alumina,  magnesia, 
lime,  and  the  alkalies.  But  iron,  which  is  one  of  the  most  important  con- 
stituents of  natural  silicates,  changes  its  form  of  combination  and  the 
properties  of  its  compotmds  according  to  the  amount  of  oxygen  which  is 
combined  with  it,  and.  furthermore,  the  amount  of  oxygen  so  combined 
is  constantly  changing,  especially  at  high  temperatures.  It  becomes 
necessary,  then,  to  take  account  of  oxygen  as  one  of  the  components  in 
any  silicate  S3rstem  containing  iron. 

^  Presented  m  abstract  at  the  Seattie  Meeting  of  the  American  Chemical  Society, 
Sept.  z,  1915- 
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Early  in  the  work  on  the  iron-bearing  silicates,  it  became  evident 
that  we  must  know  something  about  the  dissociation  pressures  and  chem- 
ical relationships  of  the  iron  oxides,  in  order  to  explain  compUcations 
arising  in  the  silicate  systems.  We  found  the  published  information 
too  incomplete  for  our  purpose,  and  have  therefore  devoted  some  time 
to  the  study  of  the  system  iron-oxygen. 

This  paper  will  deal  with  the  equilibrium  conditions  that  must  be  met 
in  the  study  of  the  dissociation  of  Pe20s,  and  with  the  information  ob- 
tained on  the  series  Fe208-Fe804  by  measurement  of  the  dissociation 
pressures,  that  is,  the  oxygen  pressures  in  equilibrium  with  the  oxides. 
State  of  Knowledge  of  the  Oxides  of  Iron. 

Three  principal  (anhydrous)  oxides  of  iron  have  long  been  familiar 
in  chemical  hterature:  ferric  oxide,  PcsOi,  occurring  in  nature  as  the  min- 
eral, hematite;  ferroso-ferric  oxide,  Fe«04,  occurring  as  magnetite;  and 
ferrous  oxide,  FeO,  which  is  not  known  to  occur  in  nature.  A  less  com- 
mon mineral  form  is  martite,  which  has  a  somewhat  variable  composi- 
tion intermediate  between  Fe20j  and  Fes04.  It  is  commonly  described 
as  "hematite  pseudomorph  after  magnetite,"  as  it  usually  lies  nearer 
hematite  than  magnetite  in  composition,  but  has  the  external  octahedral 
form  of  magnetite.  In  addition  to  these  natural  oxides,  many  other 
oxides  have  been  prepared  and  described  by  various  investigators.  Some 
of  these  are  hsted  below  in  the  order  of  their  oxygen  content  (Table  I). 

It  would  be  too  long  a  task  to  review  completely  the  history  of  the  many 
researches  upon  the  iron  oxides.  It  must  suffice  for  the  present  to  say 
that  as  most  of  these  have  been  conducted  at  ordinary  temperatures 
and  in  connection  with  water  solutions,  with  attending  compUcations 
in  the  formation  of  colloidal  hydroxides,  they  have  not  yielded  the  in- 
formation necessary  to  an  understanding  of  the  equilibrium  relationships 
in  silicate  mixtures  at  higher  temperatures.  Some  of  the  investigations 
on  dissociation  pressures  of  the  iron  oxides  will  be  discussed  in  connec- 
tion with  our  own  conclusions  later  in  this  paper. 

Table  I. 
Principal  Oxides  of  Iron  Described  in  Chemical  Literature. 


Percentage  of  the 
iron  which  is  in 

Formula. 

Described  by 

the  ferrous  state. 

PesOs,  hematite 

0.00 

FezOio 

or 

(FeO).3(Fe,0,) 

Kohlmeyer 

14.29 

FewOn 

or 

3(FeO).5(Fe,Oi) 

Kohlmeyer 

23.08 

FetOii 

or 

2(PeO).3(FeiO,) 

Haber  and  Kaiifmann           25 .00 

FeuOu 

or 

3(FeO).4(Fe.O,) 

Kohlmeyer 

27.27 

FcOi 

or 

(FeO).(Fe20t),  magnetite 

33.33 

Fe40, 

or 

2(FeO).(Fe,0,) 

Gregory 

50.00 

Fe,0, 

or 

3(FeO).(Fe,0,)    . 

Ddbereiner 

60.00 

Fe.07 

or 

4(FeO).(Fe,0,) 

Hatiser 

66.67 

FeO 

100.00 

- 

[ 
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Apparatus  Employed. 
Our  furnace  and  accessory  apparatus  are  shown  in  somewhat  dia- 
grammatical section  in  Fig.  i.^    In  principle,  the  furnace  is  similar  to 
that  of  Slade.^    It  consists  essentially  of  two  parts:  (i)  the  furnace  tube, 


^ 


I 


which  serves  both  as  the  furnace  wall  inclosing  the  ''inside  vacutun" 
and  as  the  heating  element;  (2)  the  water-cooled  jacket,  which  surrounds 
the  furnace  tube  and  incloses  the  ''outside  vacuum." 

^  A  more  detailed  description  than  that  here  given  has  been  published  in  J,  Wash, 
Acad,  Sd,,  5»  277-285  (1915). 

*  R.  E.  Slade,  "An  Electric  Furnace  for  Experiments  in  vacuo  at  Temperattires 
up  to  1500*,"  Proc,  Roy,  Soc.  London,  (A)  87,  519-524  (1912). 
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An  alternating  current  at  low  voltage  is  sent  through  the  furnace  tube, 
which  is  made  of  an  alloy  of  80  parts  platintun  and  20  rhodium.^  The 
tube  is  15  mm.  inside  diameter  and  200  mm.  long»  with  walls  i  mm.  thick. 
The  current  is  carried  in  by  water-cooled  terminals;  the  upper  terminal 
is  fixed  to  the  furnace  jacket,  while  the  lower  terminal  moves  with  the 
expansion  and  contraction  of  the  furnace  tube.  The  cooling  water  is 
led  into  the  lower  terminal  by  lead  pipes,  and  the  current  is  carried  by 
a  sheaf  of  flexible  copper  strips.  The  lower  leads  are  insulated  from  the 
ftunace  jacket  by  the  stone  base  of  the  jacket,  and  are  prevented  from 
accidentally  touching  the  walls  by  mica  sheets  around  the  inside  of  the 
jacket. 

The  lower  end  of  the  platinrhodium  tube  is  extended  by  a  steel  tube, 
capped  with  a  screw  cap  and  sealed  with  kollolith.*  The  upper  end  is 
likewise  extended  by  a  steel  tube  into  which  a  glass  tube  is  sealed. 

Branches  from  the  glass  tube  connect  with  the  Gaede  molecular  vacuum 
pump,  on  the  one  hand,  and  with  the  pressure  gages  on  the  other.  The 
interior  of  the  furnace  and  gages  is  kept  dry  by  a  tube  of  PsOs  in  the  bot- 
tom of  the  steel  extension  of  the  furnace  tube. 

The  charges  are  contained  in  a  small  platintun  crucible  suspended  by 
two  platinum  wires  sealed  into  a  glass  cap,  which  is  attached  to  a  ground 
glass  conical  joint  at  the  top  of  the  tube  above  the  furnace.  The  two 
wires  of  the  platinum-platinrhoditun  thermoelement  are  also  sealed 
through  this  glass  cap,  and  the  fotu*  wires  are  insulated  from  one  another 
by  transparent  fused  silica  or  Marquardt  porcelain  capillaries.  The  two 
suspension  wires  may  also  be  used  as  the  leads  for  the  determination  of 
melting  points,  et  cetera,  by  the  quenching  method. 

There  are  three  pressure  gages:  (i)  a  McLeod  vacuum  gage  of  500  cc. 
capacity  from  Leybold  (shown  at  Mi) ;  (2)  a  similar  gage  of  50  cc.  capacity 
made  here  (Ms);  (3)  a  mercury  manometer  read  to  o.oi  mm.  by  means 
of  parallel  knife  edges  and  a  vernier.  The  latter  is  the  manometer  used 
in  previous  work  on  the  nitrogen  thermometer.'  It  has  an  excellent  scale, 
caUbrated  throughout  its  length  to  o.oi  mm.  by  the  Normal- Aichungs- 
Kommission  in  Charlottenburg.  The  three  gages,  compared  against 
one  another  at  various  pressures  within  their  ranges,  agreed  within  the 
error  of  their  readings.  We  have  in  this  combination  of  gages  a  range 
of  pressure  measurement  from  o. 00000 1  mm.  mercury  up  to  about  2.5 
atmospheres. 

^  The  tube  was  made  by  Dr.  Heraeus  of  Haoau,  to  whom  we  have  several  tames 
had  occasion  to  express  our  indebtedness  for  his  interest  in  the  forwarding  of  high- 
temperature  investigations. 

*  A  Canada  balsam  substitute  of  constant  "melting  point"  and  low  vapor  pres- 
sure, made  by  Voigt  &  Hochgesang. 

*  Day  and  Clement,  Am.  J.  Set,,  [4]  26,  415  (1908);  Publ.  Cameiie  Inst.  Wash- 
ingtcn,  No.  157,  p.  19. 
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The  furnace  jacket  is  an  inverted  iron  pot,  closed  at  the  bottom  by  a 
disk  of  Alberene  stone  through  which  pass  (i)  the  two  conductors  in 
parallel  which  carry  the  cturent  to  the  lower  end  of  the  platinrhodium 
tube,  together  with  the  tubes  for  the  cooling  water,  and  (2)  the  steel  ex- 
tension of  the  platinrhodium  tube.  The  latter  is  surrounded  by  a  water- 
jacketed  steel  tube  and  cap. 

The  jacket  is  evacuated  independently  of  the  inside  vacuum  by  means 
of  a  May-Nelson  pmnp.  There  is  no  connection  between  the  inside 
high  vacuum  and  the  outside  "ordinary"  vacutun.  No  insulation  or  re- 
fractory material  is  used  excepting  a  magnesia  tube  surrounding  the 
platinrhodium  tube.  The  outside  vacuum  removes  any  danger  of  col- 
lapsing the  hot  furnace  tube  at  high  temperatures,  and  also  provides  an 
efficient  heat  insulation.  The  furnace  jacket  is  cooled  by  a  coil  of  lead 
pipe  on  the  outside  carrying  cold  water.  An  observation  window  per- 
mits optical  temperature  measurements  to  be  made  from  without. 

The  current  is  supplied  to  the  furnace  from  the  secondary  of  a  small 
25  :  I  transformer.  The  primary  of  the  transformer  is  supplied  by  a 
motor  generator  of  60  cycles  and  a  voltage  range  from  o  to  about  300 
volts.  The  generator  voltage  is  regulated  by  means  of  its  field  current, 
which  is  supplied  by  a  no  volt  storage  battery  and  passes  through  rheo- 
stats alongside  the  potentiometer.  By  regulation  of  the  field  current 
the  furnace  current  can  be  regulated  without  any  waste  of  electrical  energy, 
and  if  the  voltage  applied  to  the  motor  of  the  motor  generator  is  reason- 
ably constant,  the  temperature  can  be  held  constant  without  difficulty 
to  one  degree  at  1500**.  This  degree  of  constancy  is  very  often  neces- 
sary for  accurate  measurements  of  the  dissociation  pressures  of  iron 
oxides,  as  these  pressures  change  quite  rapidly  with  temperature. 

Materials. 

Ferric  Oxide. — ^Ferric  oxide  is  rather  difficult  to  prepare  pure,  and  not 
many  preparations  of  the  required  purity  can  be  found  on  the  market. 
We  have  used  several  different  preparations  in  the  course  of  the  work. 

Kahlbaiun's  "Eisenoxyd  zur  Analyse  mit  Garantieschein"  is  said  by 
the  manufactin-er  to  contain  99.60%  FeaO»,  0.40%  moisture,  no  man- 
ganese and  no  alkalies.  Its  color  is  between  raisin-black  and  dark  slate- 
purple,  65"'  /,  of  Ridgway's  color  system,^  Our  analysis  of  this  oxide 
gives:  FejOa,  99.70;  FeO,  0.09;  Si02,  o.oi;  NajO,  0.04;  Ti02,  less  than 
o.oi;  MnO,  less  than  o.oi;  P2O6,  less  than  0.005;  water-soluble,  0.02; 
total,  99.85.    The  remainder  of  o.  15%  may  be  moisture. 

Merck's  ^'Reagent  Iron  Oxide.'' — ^No  analysis  is  given  by  the  manu- 
facturer. It  is  stated  in  the  catalog  that  this  oxide  is  made  according 
to  the  method  of  Brandt  (ignition  of  nitrate  made  from  pure  iron).*    Ac- 

^  Robert  Ridgway,  "Color  Standards  and  Color  Nomenclature/'  1912. 
*  L.  Brandt,  Chem,  Ztg,,  3a,  812,  830,  840,  851  (1908). 


Digitized  by  VjOOQIC 


8l2  R.  B.  SOSMLAN  AND  J.   C.  HOSTOTWR. 

cording  to  the  tests  which  it  is  supposed  to  pass,  this  oxide  shotild  con- 
tain, at  the  most:  o.i%  water  and  volatile  substances,  o.oi  water-solu- 
ble substances,  0.005  CI,  0.0032  NjOb,  0.035  SO3;  0.033  Si02,  0.003 
FeO,  0.01  substances  insoluble  in  HCl,  0.02  AUOs,  0.007  Ca,  0.0002  Mg. 
Its  color  is  quite  different  from  that  of  Kahlbatun's  oxide,  and  is  betwee;^ 
Prussian-red  and  ocher-red  5*^  Z.  Oiu*  analysis  of  Merck's  oxide  gives: 
Fe20s,  99.30;  FeO,  0.07;  SiOs,  o.oi;  Na«0,  0.05  (as  NajSO*,  o.  11);  MnO, 
less  than  o.oi;  TiOa,  less  than  o.oi;  P205,  less  than  0.005;  water-soluble, 
0.02;  H2O  at  Ioo^  0.34;  H2O  (and  adsorbed  gases?)  lost  in  vacuum  at 
500°,  0.50.    Total,  99.82  to  99.98. 

Oxide  from  Electrolytic  Iron. — Pure  electrolytic  iron  made  about 
1907,  by  C.  F.  Burgess,^  was  dissolved  in  nitric  add  (J.  T.  Baker's  C.  P.), 
filtered,  evaporated  to  form  the  basic  nitrate,  and  ignited  in  small  por- 
tions over  the  blast  lamp  in  a  platinum  crucible.  No  analysis  was  made 
of  the  product.  The  original  metal  contains  no  manganese  and  only 
traces  of  sulfur,  phosphorus,  and  silicon. 

Sibley  Ore. — ^This  is  one  of  the  purest  natural  ferric  oxides  available 
in  large  quantity,  although,  of  course,  selected  hematite  crystals  are  much 
piu-er.  It  is  standard  sample  No.  27  of  the  Bureau  of  Standards,  and 
contains,  according  to  the  Bureau's  certificate  and  its  Circular  No.  26: 
69.2%  total  iron,  0.036%  phosphorus,  0.78%  Si02,  no  Mn  and  no  Ti. 
Ferrous  iron  does  not  seem  to  have  been  looked  for  in  the  anal)rses  which 
have  been  published,  bpt  we  find  a  smprisingly  large  percentage  of  FeO 
in  this  sample.  Four  analyses,  on  two  different  bottles,  gave  2.27,  2 .  24, 
2.34  and  2.25%;  mean  2.28%.  On  the  basis  of  69.2%  total  iron,  as 
reported  by  the  Btneau,  the  calculated  composition  in  terms  of  oxides 
is:  96.41  Fe203,  2.28  FeO,  0.78  SiOi,  0.09  PtOj,  o.oi  V2O3;*  total, 
99-57. 

Magnetite. — Probably  the  purest  and  best  crystallized  magnetite 
ever  obtained  in  large  quantity  was  from  the  "Lovers'  Pit"  of  the  Barton 
Hill  mines  at  MinevUle,  N.  Y.  We  collected  a  number  of  specimens 
from  this  mine  in  1914.  The  sample  (No.  ^g)  used  for  the  present  work 
consisted  of  dean  oystals  from  a  pillar  in  the  I<overs'  Pit,  taken  about 
3  ft.  below  the  hanging  wall  or  10  ft.  above  the  foot  wall.*  This  magnetite 
contains  by  our  analysis  30.72%  FeO,  72.08%  total  iron,  and  0.01% 
moisture  coming  oB  at  100**.    It  therefore  contains  99.00%  pure  Fei04, 

^  For  this  we  are  indebted  to  Professor  C.  P.  Burgess,  of  the  University  of  Wis- 
consin. 

*  Cain  and  Hostetter,  J.  Ind.  Eng.  Chem.,  4,  254  (1912}.  Bur.  Standard  Tech. 
Paper,  No.  8. 

*  We  are  greatly  indebted  to  Mr.  Rigby  and  the  officials  of  Witherbee,  Sherman 
&  Co.,  for  assistance  in  collecting  a  aeries  of  magnetite  specimens,  conoerning  which 
we  hope  to  report  more  in  detail  at  a  later  date. 
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0.63%  excess  PeiOj,  and  0.37%  impurities.    This  0.37%  consists  chiefly 
of  insoluble  quartz. 

Oxygen* — Oxygen  was  made  from  sodium  peroxide,  dried  and  passed 
over  copper  oxide  in  a  resistance  furnace  heated  to  650°  to  oxidize  any 
hydrogen  that  might  be  present,  again  dried  over  CaCls  and  P2O6  and 
stored  over  merciuy.  For  use  it  was  drawn  out  through  another  ¥^0^ 
tube.  Its  purity  is  shown  by  the  fact  that  less  than  0.01%  remained 
unabsorbed  by  magnetite  when  the  amount  of  oxygen  was  insufficient 
to  completely  oxidize  the  magnetite  to  Fe20». 

Special  Problems. 

Optical  Properties  of  the  Oxides  of  Iron. — ^A  few  of  the  difficulties  peculiar 
to  the  study  of  the  iron  oxides  deserve  mention.  The  first  of  these  is  the 
opacity  of  the  oxides.  In  the  study  of  the  silicates  the  microscope  is 
an  almost  indispensable  tool;  by  its  aid  one  can  tell  at  once  how  many 
and  what  phases  are  present  in  a  given  preparation.  But  in  the  present 
work  we  have  had  to  fall  back  upon  the  chemical  analysis  of  each  charge 
in  order  to  secure  the  information  that  the  microscope  would  have  yielded 
if  the  oxides  had  possessed  easily  measurable  optical  properties.  This 
feature  has  made  the  work  much  slower  than  it  would  otherwise  have 
been. 

By  the  use  of  his  immersion  glass  of  selenium  and  tellurium,  Dr.  H.  E. 
Merwin,  of  this  Laboratory,  has,  however,  succeeded  in  contributing  a 
great  deal  of  assistance.  It  is  possible  by  these  means  to  get  some  light 
through  the  oxides  of  compositions  lying  between  pure  Fe208  and  a  point 
midway  in  composition  between  Fe208  and  FttPi;  the  refractive  indices 
and  double  refraction  can  then  be  determined.  His  detailed  results  will 
be  presented  later  in  the  paper. 

Reduction  of  Iron  Oxides  by  Platinum. — ^Another  difficulty  pecidiar 
to  the  study  of  the  iron  oxides  is  their  reduction  by  platinum.  The 
charges  were  heated  in  small  platinum  crucibles  18  mm.  deep  and  8  to 
10  mm.  in  diameter.  These  crucibles  almost  always  gained  in  weight 
from  o.i  to  i.o  mg.  during  a  series  of  measurements.  As  we  have  al- 
ready shown  in  a  recent  publication,^  this  gain  in  weight  is  due  partly 
to  iron  reduced  by  the  platinum  and  taken  up  in  solid  solution.  The  rest 
of  the  gain  in  weight  consists  of  rhodium  and  platinum  from  the  furnace 
tube. 

Platinum  acts  on  both  hematite  and  magnetite  at  1200**  under  low  pres- 
sures of  oxygen,  absorbing  iron  and  giving  off  oxygen.  It  also  reacts 
with  magnetite  in  the  same  way  at  1600**  and  at  the  usual  atmospheric 
pressiu-e  of  oxygen.  On  the  other  hand,  it  is  well  known  to  analysts 
*  Sosman  and  Hostetter,  "Reduction  of  Iron  Oxides  by  Platinum  with  a  Note 
on  the  Magnetic  Susceptibility  of  Iron-bearing  Platinum,"  J.  Wash,  Acad,  Set.,  5, 
293-303  (1915). 
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that  platinum  crucibles  in  which  PesOg  is  ignited  in  air  for  weighing  in 
analytical  procedures  take  up  no  such  amounts  of  iron  as  we  have  found 
taken  up  under  the  above-mentioned  conditions.  The  reason  for  these 
differences  of  behavior  is  apparent  from  the  relations  of  iron  and  platinum 
in  their  alloys,  as  interpreted  by  the  phase  rule. 

The  system  contains  3  components:  platinum,  iron,  and  oxygen.  Iron 
and  platinum  form  a  continuous  series  of  solid  solutions.^  The  oxida- 
tion of  the  iron  causes  it  to  separate  from  the  platinum  as  an  oxide.  If 
we  now  have  present  the  three  phases,  iron-platimun  alloy,  solid  oxide, 
and  gaseous  oxygen,  and  assume  a  certain  concentration  of  iron  in  the 
platintun  (say  0.01%),  and  a  certain  temperature  (say  1200®)  then  there 
must  be  a  definite  oxygen  pressure  in  equilibrimn  with  this  system.  If 
the  existing  pressure  of  oxygen  is  less  than  this  equilibrium  pressure, 
the  oxide  will  dissociate  and  metallic  iron  will  be  absorbed  by  the  platinum. 
If  the  pressiu-e  of  oxygen  be  greater,  on  the  other  hand,  iron  from  the 
platinum  solution  will  be  oxidized,  the  oxide  will  separate  on  the  stuiace 
of  the  metal,  and  the  concentration  of  the  iron  in  the  platinum  will  be 
reduced. 

It  is  evident  from  the  fact  that  melted  magnetite  is  reduced  by  platinum 
in  air  that  at  1600®  the  oxygen  pressure  of  the  air  (about  152  mm.)  is 
less  than  the  oxygen  pressure  in  equilibrium  with  dilute  solutions  of  iron 
in  platinum.  .  Similarly,  at  1200°,  it  is  fotmd  that  18  mm.  oxygen  is  less 
than  the  equilibrium  oxygen  pressure,  and  at  this  temperature  and  pres- 
sure iron  is  absorbed  by  platinum  from  all  oxides  between  PcsOs  and  Fei04. 
152  mm.  oxygen,  however,  is  greater  than  the  oxygen  presstffe  of  any 
but  the  most  extremely  dilute  solution  of  iron  in  platinum  at  1200°, 
and  at  this  temperature,  which  is  seldom  exceeded  in  igniting  iron  oxide 
precipitates  for  analysis,  there  is  no  appreciable  reduction  of  FeiOg  by 
platinum  in  the  open  air.' 

These  considerations  explain  the  very  common  occurrence  df  small 
amotmts  of  iron  in  platinum,  since  platinum  will  exercise  its  reducing  action 
on  any  material  containing  iron  oxides  with  which  it  comes  in  contact, 
provided  that  the  temperature  is  above,  say,  1000®.  At  lower  tempera- 
tures, on  the  other  hand,  and  with  abtmdant  access  of  atmospheric  oxy- 
gen, no  appreciable  reduction  is  to  be  expected. 

Disappearance  of  Oxygen  in  Furnace. — In  many  of  the  measurements 
a  gradual  decrease  of  pressure  was  observed  at  1200^  and  higher,  and  a 
calculation  of  the  final  composition  of  the  charge,  from  the  original 
composition  and  from  the  amount  of  oxygen  removed;  showed  that  more 

^  Isaac  and  Tammann,  Z.  anarg.  Chem.,  55»  63--7I  (1907). 

*  This  kind  of  contamination  of  platinum  by  iron  is  to  be  distinguished  from  the 
contamination  caused  by  the  reducing  action  of  incompletely  burned  gases  during 
the  ignition  of  ferric  oxide  over  a  gas  flame. 
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ferric  and  less  ferrous  iron  should  be  present  than  was  actually  obtained 
by  analysis.  A  series  of  measurements  made  with  oxygen  alone  showed 
that  03cygen  was  in  fact  disappearing  at  the  higher  temperatures.  No 
change  occurred  at  500^  or  lower,  showing  that  the  loss  was  not  due  to 
ordinary  leakage.  On  the  other  hand»  a  very  small,  although  measurable 
and  apparently  constant  evolution  of  gas  was  observed  at  1450^  when  the 
ftunace  was  completely  evacuated;  this  evolution  seemed  to  be  unaffected, 
however,  when  the  pressure  in  the  ''outside  vacuum"  was  allowed  to  rise. 
A  possible  explanation  of  these  phenomena  is  that  when  the  furnace  is 
heated  to  a  high  temperature  the  silver-soldered  joint  between  platinum 
and  steel  is  warmed  sufSdently  to  allow  the  diffusion  of  oxygen  through 
the  silver,  which  is  known  to  occur  at  a  relatively  low  temperature.  It 
has  not  been  possible  as  yet  to  prove  this  explanation.  As  the  rate  of 
disappearance  of  oxygen  is  too  small  to  affect  appreciably  the  results 
reported  in  this  article,  this  source  of  loss  has  been  neglected  for  the 
present. 

Adsorption  of  Gum. — The  pressure  within  the  vacuum  apparatus  al- 
ways rises  slowly  on  standing.  We  have  ascribed  this  to  the  sLow  escape 
of  gases  from  the  surface  of  the  glass.  As  the  apparatus  must  be  opened 
to  the  air  for  the  insertion  and  removal  of  oxide  charges,  there  is  abundant 
opportunity  for  oxygen  or  other  gases  to  be  taken  up  by  the  glass. 

On  one  occasion  the  apparatus  stood  unused  for  27  days,  and  there 
was  opportunity  to  observe  the  slow  rise  of  pressure  due  presumably 
to  gases  from  the  glass.    The  measurements  are  plotted  in  Pig.  2.    After 

0.0M  - 


Pig.  2. — ^Evolution  of  gases  from  walls  of  apparatus. 

the  initial  pumping  the  pressure  rose  in  11  minutes  from  0.00060  mm. 
to  0.00270  mm.  (Curve  i).  It  was  immediately  pumped  out  a  second 
time,  after  which  the  pressure  rose  in  2  dajrs  and  17  hours  from  0.00016 
mm.  to  0.00332  mm.  (Curve  2).  This  gas  was  then  pimiped  out,  follow- 
ing which  the  pressure  rose  stiU  more  slowly,  taking  24  days  to  rise  from 
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o.oooio  mm.  to  0.00515  mm.  (Curve  3).  The  mercury  cut-off  (C  in 
Fig.  i)  was  closed  during  the  entire  time,  so  that  no  gas  could  have  been 
furnished  by  stopcock  grease.^ 

Some  gas  may  also  be  held  on  the  surface  of  the  platintun  tube.  A 
small  amount  was  always  obtained  when  the  furnace  was  heated  without 
a  crucible  or  charge  in  position.  It  is  possible,  however,  that  some  of 
this  comes  from  minute  amoimts  of  FesQs  which  has  been  blown  out 
of  crucibles  or  which  may  even  have  been  volatilized  and  deposited  on 
the  ftunace  walls  on  cooling.  The  amotmts  of  gas  in  question  were  too 
small  to  have,  an  appreciable  effect  on  the  pressures  reported  in  this 
article. 

Questioas  of  Equilibrium. 
.  Reproducibility  of  Dissociation  Pressures. — ^Before  it  can  be  assumed 
that  a  given  experimental  {M-ocedure  is  3rielding  results  that  represent 
conditions  of  true  chemical  equilibritun,  there  are  several  questions  to 
be  answered  experimentally.  The  first  of  these  concerns  the  reproduci- 
bility of  the  pxressures  under  given  experimental  conditions.  In  general, 
we  have  found  that,  using  equal  weights  of  the  same  initial  oxide,  we  ob- 
tained at  a  given  temperature  presstnes  which  in  most  cases  agreed  within 
the  limits  of  error.  In  some  cases,  however,  the  presstu-es  differed  by 
amounts  considerably  larger  than  the  errors  of  reading  temperature  and 
pressure,  especially  in  the  case  of  Merck's  oxide.  These  results  will  be 
specifically  discussed  later.  An  example  of  the  reproducibility  of  pressure 
measurements  made  under  similar  conditions  is  to  be  found  in  the  sec- 
ond,  third,  fourth  and  fifth  measurements  in  Table  II. 

Accuracy  of  Temperature  and  Pressure. — ^The  temperature  can  be 
regarded  as  certain  within  2°,  since  calibrations  by  the  thermal  ciu-ve 
method,  with  a  charge  of  diopside  (MgSiOs.CaSiOa)  in  place  of  the  iron 
oxide  charge,  gave  1389.4°  and  1390. 3 ^  as  against  1391.2**,  the  original 
nitrogen  thermometer  value.  The  degree  of  accuracy  of  the  pressure 
measurements  varies  widely,  according  to  the  degree  of  compression  on 
the  McLeod  gages  and  the  magnitude  of  the  presstu-e.  i  mm.  on  the 
large  McLeod  gage  corresponds  to  0.0004  n"n.  in  o.  1500  mm.  at  the  low- 
est compression,  or  to  0.000004  mm.  in  o.oooioo  mm.  at  the  highest 
compression.  Pressures  above  3.00  mm.  were  read  directly,  with  an 
accuracy  of  0.02  mm. 

Pumping  for  different  lengths  of  time  before  heating  had  no  consid- 
erable effect  on  the  pressures.  Holding  the  temperature  constant  pro- 
duced a  gradual  change,  and  yielded  a  constant  value  in  from  10  to  20 
minutes,  if  the  effects  of  by-reactions  (reduction  by  platinum  and  ab- 
sorption of  oxygen)  were  taken  into  account. 

*  At  this  time  the  cap  which  carried  the  thennoelement  wires  was  sealed  to  the 
furnace  tube  with  kollolith. 
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Pressures  from  Ferric  Oxide  from  Different  Sources. — Preliminary 
tests  showed  that  oxide  from  different  sources  gave  pressures  of  the  same 
order,  when  equal  amounts  were  heated  at  the  same  temperature,  but 
that  there  were  some  differences  considerably  larger  than  cotdd  be  ac- 
counted for  experimentally.  Later  measurements  showed  rather  unsatis- 
factory results  for  Merck's  oxide,  which  gave  at  1200°,  on  0.5  and  i.o 
g.  samples,  pressures  of  from  i  .39  to  i  .95  mm.,  a  rather  large  variation 
for  which  no  cause  is  known.  Kahlbaum's  oxide  gave  2.07  mm.,  a 
slightly  higher  pressure  than  Merck's  highest,  but  still  somewhat  lower 
than  that  obtained  by  oxidation  of  magnetite.  Pure  ferric  oxide,  on  the 
other  hand,  made  from  nitrate  from  electrolytic  iron,  and  heated  in  oxy- 
gen at  1200**,  gave  pressures  in  exact  agreement  with  those  obtained  by 
the  oxidation  of  magnetite.  Natural  hematite  ore  (Sibley),  and  pure 
oxide  from  nitrate  ignited  in  air,  gave  pressures  differing  by  only  0.02 
mm.,  but  were  not  directly  compared  with  the  other  oxides. 

In  general,  therefore,  it  may  be  said  that  the  oxides  from  different 
sources  are  in  fairly  good  agreement,  with  the  exception  of  Merck's, 
which  is  rather  low  and  variable.  Measurements  on  products  which 
have  not  been  ignited  are  subject  to  uncertainties  from  the  presence  of 
mcnsture  and  adsorbed  gases  of  all  kinds,  and  further  work  would  be  neces- 
sary to  completely  explain  these  variations  in  the  commercial  products. 

Effect  of  Temperature  Gradient  in  Furnace. — Shortly  after  the  pre- 
liminary experiments,  a  series  of  tests  was  made  to  determine  the  effect 
of  temperature  gradient  in  the  furnace.  The  uniformity  of  tempera- 
ture could  not  well  be  tested  by  direct  measurement,  as  a  complicated 
arrangement  of  apparatus  would  have  been  necessary  to  permit  of  moving 
the  thermoelement  up  and  down  in  the  completely  sealed  furnace.  An 
equally  sensitive  test  was  made,  however,  by  taking  a  series  of  mea- 
surements of  the  oxygen  pressures  produced  by  0.5  g.  charges  of  Merck's 
ferric  oxide,  heated  under  exactly  similar  conditions  as  to  rate  and  time 
of  heating  but  at  various  levels  in  the  furnace.  In  our  preliminary 
measurements  of  dissociation  pressures  the  thermoelement  junction  was 
always  placed  3  to  5  mm.  above  the  top  of  the  charge  of  oxide,  so  that 
the  change  in  weight  of  the  charge  could  be  determined  without  uncer- 
tainty due  to  oxide  adhering  to  the  wires.  It  is  obvious  that  near  the 
top  of  the  furnace  the  thermoelement,  under  these  conditions,  will  be 
colder  than  the  bottom  of  the  charge,  whereas  near  the  bottom  of  the  fur- 
nace the  reverse  will  be  true.  Hence  if  the  temperature  of  the  thermo- 
element is  set  to  the  same  value  in  both  positions,  the  temperature  of  the 
charge,  and  therefore  the  pressure  obtained,  will  be  greater  near  the  top 
than  near  the  bottom  of  the  furnace.  If  two  or  more  pressures  obtained 
near  the  middle  of  the  furnace  agree  within  the  range  of  reproducibility 
of  these  pressures  proof  is  afforded  that  there  is  a  space  of  uniform  tem- 
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perature  equal  to  the  distance  between  the  highest  position  of  the  thermo- 
element and  the  lowest  position  of  the  bottom  of  the  chaige.  Measure- 
ments can  therefore  be  made  on  charges  set  in  this  part  of  the  furnace 
with  the  assurance  that  the  temperature  of  the  charge  is  uniform  and  is 
represented  accurately  by  the  temperature  of  the  thermoelement.  This 
condition  is  fiulher  assured  by  packing  deep  charges  into  the  crucible 
with  a  polished  steel  plunger  which  shapes  the  surface  in  such  a  way 
that  there  is  a  central  well,  in  which  the  thermoelement  is  inserted,  so 
that  it  is  actually  within,  but  not  in  contact  with,  the  charge. 

The  result  of  the  uniformity  tests  is  shown  in  Table  II.  The  distance 
from  the  top  of  the  furnace  tube  to  the  top  of  the  crucible  in  millimeters 
is  given  in  the  third  column,  and  the  pressure  in  millimeters  of  mercury 
in  the  fourth  column.  The  degree  of  reproducibility  of  the  pressures  is 
shown  by  the  second,  third  fourth  and  fifth  measurements.  The  pressures 
at  depths  of  85,  92  and  95  mm.  are  practically  constant.  Since  the  depth 
of  the  crucible  is  18  mm.  there  seems  therefore  to  be  a  range  of  about  25-30 
mm.  in  which  the  temperature  is  uniform  within  one  degree,  judging  from 
the  variation  of  pressure,  which  is  of  the  order  of  magnitude  of  o.oi  mm. 
per  degree  under  the  conditions  of  the  tests.  For  subsequent  measure- 
ments the  crucible  was  alwa3rs  placed  in  the  middle  of  this  zone,  and  the 
thermoelement  brought  near  tiie  center  of  gravity  of  the  charge  as  ex- 
plained above.    The  charges  varied  in  depth  from  5  to  10  mm. 

TablsII. 
Temperature  Distribution  in  Furnace,  as  Indicated  by  Pressures  Obtaimed  at  Various 

Levels  at  IIOo^ 


Mo. 

Wei|ht  oxide. 

DittMioc  from  top. 
Mm. 

PKmora. 
Mm. 

1345 

493*3 

65 

0.610 

1347 

502.9 

75 

0.330 

1349 

504.0 

75 

0.305 

135 1 

502.9 

75 

0.330 

J355 

503.8 

75 

0.315 

1358 

50X.S 

85 

0.215 

1362 

5OZ.6 

92 

0.2x0 

1360 

507.1 

95 

0.195 

1361 

499.6 

-    107 

0.120 

Comparison  of  Rising  and  Falling  Temperatures.— True  equilibrium 
can  be  assured  only  if  the  same  pressure  is  obtained  both  by  the  addition 
and  by  the  removal  of  oxygen.  One  method  of  changing  the  amotmt  of 
oxygen  in  the  charge  is  to  change  the  temperature.  If  it  is  raised,  oxy- 
gen is  removed  from,  if  lowered,  oxygen  is  added  to,  the  charge.  If  the 
temperature  is  then  brought  back  to  its  original  value,  the  same  pressure 
should  be  obtained  as  before. 

The  results  of  a  series  of  tests  with  Merck's  oxide  are  presented  in 
^ig'  3 1  ^nd  show  that,  on  the  same  charge  of  oxide,  substantially  the 
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same  pressures  are  obtained  at  iioo^  with  risiiig  and  with  falling  tem- 
peratures. The  pressures  at  iioo^-and  1200^  are  also  shown  to  be  im- 
influenced  by  heating  the  charge  at  750^  850®,  or  950**.    The  unab- 
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sorbed  or  slowly  absorbing  residue  of  0.15  mm.  which  appears  at  750° 
and  850°  probably  represents  in  part  nitrogen  or  air  adsorbed  in  the  finely 
powdered  oxide;  the  rapid  drop  to  lower  temperatures  from  1200°  also 
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leaves  part  of  the  original  oxygen  of  the  oxide  unabsorbed,  because  of 
the  slowness  of  diffusion  and  reaction  at  the  lower  temperatures. 

Pressures  Obtained  by  Oxidation  of  Magnetite.— A  second  method  of 
comparing  the  effects  of  adding  and  removing  oxygen  is  to  use  Fei04 
as  the  initial  solid,  and  add  various  amounts  of  oxygen,  comparing  the 
pressures  at  a  given  temperature  with  those  obtained  by  starting  with 
Fe,0,. 

The  results  obtained  with  pure  FesOj  made  from  Burgess  electrol3rtic  iron 
through  the  nitrate,  and  heated  beforehand  in  a  current  of  oxygen  at  1 200  **» 
are  in  exact  agreement  with  the  pressures  of  oxidized  magnetite,  as  is 
evident  from  Fig.  5.  In  addition  to  the  single  points,  one  series  was 
run  in  which  oxygen  was  added  in  excess  at  the  start,  and  then  with- 
drawn in  steps  as  in  the  case  of  oxidized  magnetite.  These  results  also 
are  in  excellent  agreement  with  the  oxidized  magnetite. 

The  pressures  obtained  by  heating  Kahlbaum's  and  Merck's  P^sO» 
are  somewhat  lower  than  the  pressures,  at  a  corresponding  composition 
of  the  solid,  obtained  by  oxidizing  magnetite.  Nevertheless,  each  gives 
every  appearance  of  being  in  equilibritun.  The  pressure  from  Merck's 
oxide,  as  shown  in  Fig.  3,  returns  repeatedly  to  the  same  value  after  heat- 
ing at  various  lower  temperatures.  The  magnetite,  in  the  course  of  being^ 
heated  up  to  1200*^,  was  sometimes  held  at  iioo®  until  completely  oxi- 
dized to  the  composition  of  Pet04,  yet  the  pressures  obtained  on  further 
heating  and  dissociating  the  oxide  so  formed  were  no  lower  than  those  ob- 
tained by  heating  directly  to  1200^. 

Whatever  may  be  the  cause  of  the  low  results  obtained  with  Merck 
and  Kahlbaum  oxides,  it  is  not  evident  in  the  optical  properties  of  the 
l^oducts,  for  the  crystals  not  only  .appear  optically  as  a  single  phase» 
but  the  product  formed  by  oxidation  of  magnetite  has  the  same  optical 
properties  as  the  pure  artificial  oxides,  and  also  the  same  as  pure  natural 
hematite. 

The  System  FesOr-Fes04:  Experimental  Results. 

General  Plan. — In  general,  our  preliminary  measurements  showed 
clearly  that  the  oxygen  pressure  depends  not  only  upon  the  tempera- 
ture, but  also  upon  the  weight  of  the  charge  and  the  voltune  of  the  gas 
space — ^in  other  words,  upon  the  composition  of  the  charge  of  oxide  at 
the  time  of  measm-ement.  This  can  have  only  one  meaning,  namely, 
soUd  solution  between  the  original  FesOs  and  some  lower  oxide. 

The  existence  of  a  soHd  solution  series  is  best  demonstrated  by  a  pressure- 
composition  isotherm.  The  temperature  of  1200®  seemed  most  favora- 
ble for  our  piuT)ose.  On  the  one  hand,  the  pressures  obtained  are  high 
enough  so  that  the  by-reactions  (page  813)  are  of  small  effect;  on  the  other, 
the  pressures  are  not  so  high  that  the  amount  of  oxygen  in  the  gas  space 
forms  too  large  a  proportion  of  the  oxygen  in  the  charge. 
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For  our  final  seriesi  we  preferred  to  start  with  magnetite  and  add  oxy- 
gen, for  the  following  reasons:  Ferric  oxide,  Fe^Os*  always  contains  some 
moisture  and  adsorbed  gas,  which  cannot  be  removed  by  pumping  alone] 
the  charge  must  be  heated  to  a  high  temperature  in  order  to  drive  them 
off.  This  heating  dissociates  the  oxide,  so  that  it  must  be  reoxidized  by 
slow  coding,  and  also  sinters  it  into  a  solid  cdke,  so  that  the  initial  condi- 
tions of  the  charge  are  rendered  uncertain.  Magnetite,  on  the  other  hand, 
can  be  heated  up  for  a  few  minutes  initially,  cooled,  and  the  residual 
adsorbed  gas  pumped  out.  Its  own  dissociation  pressure  is  so  very  low 
that  its  composition  is  not  changed  to  any  measurable  extent  by  this 
treatment,  and  the  charge  is  furthermore  not  sintered. 

The  procedure  was  as  follows:  The  apparatus  was  first  evacuated 
to  o.ooi  mm*  or  lower.  The  mercury  cut-off  C  was  closed,  and  the  charge 
was  heated  to  1200^  for  a  few  minutes  and  then  cooled.  This  heating 
drives  off  water  and  ads<)rbed  gases,  and  converts  the  small  excess  of 
FeiOt  present  almost  completely  into  Fej04.  The  residual  gas  was  pumped 
out,  and  a  known  amount  of  pure  oxygen  was  admitted.  The  charge 
was  again  heated  at  a  definite  rate.  The  magnetite  began  to  oxidize 
at  an  observable  rate  at  300^.  In  some  cases  tiie  temperature  was  held 
at  1 100^  until  the  pressure  caine  to  equilibritun;  in  others  the  tempera- 
ture was  carried  steadily  up  to  1200°. 

The  removal  of  oxygen  in  stq>s  at  1200^  was  accomplished  by  closing 
the  cut-(rff  C,  and  pumping  out  the  oxygen  from  the  space  between  cut- 
off and  stopcock.  The  quantity  removed  was  known  from  the  presstu^e 
and  temperattuie  of  the  gas  in  this  space.  The  cut-off  was  then  again 
opened  and  equilibrium  reestabUshed  by  further  dissociation  of  the  iron 
oxide  of  the  charge. 

At  the  end  of  such  a  series  the  temperature  was  lowered  at  a  definite 
irate,  sometimes  with  a  halt  at  iioo^  for  an  additional  measurement. 
The  charge  was  removed  at  room  temperature,  weighed,  and  the  ferrous 
oxide  determined.  The  difference  between  the  percentage  of  FeO  so 
found  and  that  calculated  from  the  known  amounts  of  oxygen  removed 
was  in  nearly  aU  cases  less  than  0.4%,  and  a  correction  ior  this  difference 
was  distributed  among  the  calculated  intermediate  values  for  the  com- 
position of  the  oxide.  The  difference  was  probably  brought  about  by 
small  constant  errors  in  the  data  for  the  volume  or  the  temperature  of 
the  gas. 

Methods  of  Analjrsis — ^Ferrous  Oxide. — In  the  determination  of  ferrous 
•oxide  we  have  followed  the  method  described  by  Blair^  but  with  some  de- 
tails sUghtly  modified.  Blair's  method  consists  essentially  in  the  solu- . 
tion  of  the  oxide  in  hydrochloric  acid  in  an  atmosphere  of  carbon  dioxide, 
with  subsequent  titration  with  permanganate  after  the  addition  of  zinc 
1  "The  Chemical  Analysis  of  Iron,"  7th  edition,  p.  339. 
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sulfate.  We  would  have  preferred  to  use  sulfuric  add  as  the  solvent 
for  the  oxide,  but  the  rate  of  solution  of  the  oxides  in  this  add,  even 
when  crushed  to  pass  200  mesh,  was  so  st^aH  as  to  exdude  its  use.  This 
stability  of  otherwise  readily  soluble  oxides  is  devdoped  by  the  action 
of  high  temperatures. 

Our  apparatus  in  whidi  the  solution  of  the  oxide  is  effected  in  an  atmos- 
phere of  carbon  dioxide  is  shown  in  Pig.  4.  The  flask  has  a  capadty* 
csd  of  about  1 10  cc    The  inlet  tube  for 

^Qt  carbon  dtoxide  is  ground  into  the 

funnd  tube  and  this  joint  serves  as 
a  valve  for  the  introduction  into 
the  flask  of  liquid  hdd  in  the  funnel 
tube.  The  funnd  tube  is  graduated 
at  10  and  25  cc.  The  advantages 
of  an  all-{^ass  apparatus  for  this 
determination  where  all  reducing 
substances  must  be  rigorously  ex- 
duded  are  evident 

While  Blair  uses  zinc  sulfate  to 
eliminate  the  action  of  permangan* 
ate  on  the  hydrochlcnic  add  during 
titration  we  have  preferred  to  use 
the  ordinary  "titrating  mixture"  of 
manganese  sulfate,  phospfacnie  add 
and  sulfuric  add.^  For  small 
^  amounts  of  ferrous  oxide  we  used 

Plf.4.-App«atu.fordetenninatk»ofFeO.^  ^^  ^   permanganate   in   vdume 

burets  while  for  larger  amounts  we  wdghed  the  0.1  N  permanganate 
used.  All  the  solutions  were  standardized  against  Bureau  of  Standards 
sodium  oxalate. 

Total  Iron« — Total  iron  was  determined  by  reductions  with  zinc  sulfur 
dioxide,  and  also  with  stannous  chloride,  the  resulting  ferrous  iron  being 
titrated  with  0,1  N  permanganate.  When  the  reductions  were  made 
with  zinc  and  with  sulfur  dioxide  the  soditmi  oxalate  titer  of  the  per- 
manganate was  employed;  but  this  titer  gave  slightly  high  results  with 
the  stannous  chloride  reduction.  Consequently,  for  the  latter  reduction^ 
Bureau  of  Standards  Ore  No.  27  with  total  iron  content  of  69.2%  was 
used  as  an  empirical  standard.  The  values  for  total  iron  reported  in  this 
paper  are  averages  of  a  series  of  determinations  by  all  three  methods  of  re- 
duction. 

Using  the  convention,  the  results  of  analysis  have  been  reported  in 
the  text  as  percentages  of  FeO  on  total  weight  of  the  oxide.  This  must 
>  Bur,  Standards  Circ.  a6|  3d  ed.,  p.  12. 
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not  be  understood  as  implying  any  opinion  regarding  the  form  of  combina- 
tion of  ferrous  iron  in  the  solid  phase.  What  is  actually  determined  is 
of  course  the  amount  of  iron  which  goes  into  solution  in  a  form  which 
will  reduce  permanganate.  Whether  or  not  FeO  can  actually  exist  free, 
whether  or  not  PeO  exists  within  the  crystalline  oxide,  and  whether  or 
not  there  is  any  atomic  distinction  between  ferrous  andferric  iron  inside 
of  a  oystal,  are  questions  on  which  we  have  at  present  no  information. 
For  the  present,  therefore,  the  reporting  of  ferrous  iron  as  FeO  is  to  be 
considered  simply  as  a  convention. 

Pressure-compositioii  Isotherm  at  1200^ — ^In  Table  III  are  recorded 
the  results  of  numerous  measurements  of  the  oxygen  pressure  at  1200*, 
obtained  (i)  by  heating  FesOs;  (2)  by  heating  Fet04  with  varying  amounts 
of  oxygen;  (3)  by  withdrawing  oxygen  in  known  amounts  from  the  oxide- 
oxygen  system  of  (2) ;  and  (4)  by  withdrawing  oxygen  similarly  from  FetOi 
with  excess  oxygen  added. 

The  first  coltunn  of  the  table  contains  the  reference  number  of  the  series; 
the  second  gives  the  original  weight  of  the  charge  in  mg. ;  the  third,  the 
amount  of  oxygen  added,  in  mg.,  calculated  from  the  pressure,  tempera- 
ture, and  volume  of  the  furnace  and  gages. 

The  fourth  column  gives  the  equivalent  volmne  of  the  apparatus  at 
1200^  under  the  conditions  of  measurement.  Since  that  portion  of  the 
gas  which  is  within  the  furnace  tube  is  heated  to  1200**,  its  density  is  cor- 
respondingly diminished.  In  calculating  the  amount  of  gaseous  oxygen 
this  is  allowed  for  by  subtracting  from  the  volume  at  room  temperature 
the  amount  which  the  heated  gas  would  contract  if  cooled  to  room  tem- 
perature. This  correction  was  calculated  from  the  approximately  known 
temperature  distribution  and  was  checked  by  measuring  the  actual  in- 
crease of  pressure  produced  in  oxygen  when  the  ftunace  was  heated  to 
various  temperatures.  Other  smaller  corrections  to  the  volume  were  also 
made  to  allow  for  changes  in  level  of  the  mercury  coltunns  caused  by 
changes  in  barometer  height  and  in  the  internal  presstu'e. 

The  amount  of  oxygen  present  as  gas  was  calculated  from  the  volume 
corrected  as  above  and  the  temperature  of  the  apparatus.  The  latter 
was  measured  by  means  of  six  mercury  thermometers  hung  at  diflFerent 
points  over  the  apparatus. 

The  fifth  column  contains  the  equiUbrium  pressure  as  measured,  in 
mm.  of  mercury  at  0°.  The  last  column  gives  the  percentage  of  the  total 
iron  which  is  in  the  "ferrous  condition."  This  is  calculated  as  follows: 
From  the  original  weight  and  composition  of  the  charge,  the  <»iginal 
amount  of  oxygen  added,  and  the  amount  of  oxygen  remaining  as  gas 
in  the  apparatus,  the  amount  actually  combined  in  the  charge  can  be 
calculated.  A  certain  quantity  of  oxygen  would  have  to  be  added  to 
bring  the  charge  up  to  the  composition  of  Fe^Oa.    The  proportion  of  this 
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oxygea  to  the  total  in  FeiOs,  multiplied  by  3,  gives  the  "  per  cent,  ferrous." 
For  instance,  the  removal  of  ii.ii%  (one-ninth)  of  the  total  oxygen 
of  P^Oi  yields  magnetite,  in  which  the  "per  cent,  ferrous"  is  33.33 


Tablb  III. 

Oxygen  Pressures  at 

laoo®. 

No. 

Initial 

wt. 
cbarse. 

Mg. 

Gas 

volume 
cc. 

Pres- 

.  sure. 

Mm. 

Per 
ceat. 
ferrous. 

No. 

Initial 

wt. 

Mg. 

Gas 

volume 

cc. 

Pres- 
.  sure. 

Mm. 

Per 

cent, 

ferrotu. 

( 

Magnetite. 

35-37 

1267 

2.68 

4.86 

1562 

1006.0 

0 

1265 

O.041I 

33.43 

32.25 

1267 

2.48 

7.44 

IS46 

.1000.3 

5.46 

X462 

1. 00 

30.60 

29.29 

1267 

2.285 

9.90 

5.13 

2023 

0.770 

30.96 

1536 

999-4 

42.43 

1464 

3.98 

1.93 

4.12 

2023 

0.590 

31.29 

41.15 

1464 

3.59 

2.23 

3.35 

2023 

0.460 

31.56 

40.09 

1464 

3.37 

2.75 

2.75 

2023 

0.360 

31.77 

39.01 

1464 

3.13 

3.23 

ii58 

1003.3 

13.26 

X462 

1-44 

34.06 

• 

38.00 

1464 

3.03 

3.99 

12.79 

2063 

1.27 

25.29 

37.03 

1464 

2.87  . 

4.81 

1 1. 13 

1267 

1.29 

25.32 

1532 

1000.5 

44.95 

1461 

4.76 

I  43 

9.63 

1266 

1. 17 

26.49 

67.26 

1463 

13-09 

0.61 

8.27 

1266 

1.065 

27.60 

63.05 

1462  11.38 

0.61 

8.27 

2023 

0.965 

28.59 

t 

59.38 

X462 

9.92 

0.63 

7.01 

2023 

0.865 

29.49 

56.18 

1462 

8.62 

0.58 

5.88 

2023 

0.759 

30.18 

53  40 

1461 

7.48 

0.53 

1516 

1999.9 

19.64 

1454 

X.355 

25.41 

50.99 
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6.56 

0.66 

155 1 

1000. 1 
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Z461 
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PesOs  from  electrolytic  iron. 
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X.99 

11.74 

18.79 

2023 

1.37 

19.64 

PesOsMeix:fc. 

17.01 

2023 

1.275 

20.98 

1390 

507-8 

758 

1.95 

5.57 

1509 

593-4 

19-97 

1451 

2.43 

10.50 

1391 

497.0 



758 

1.385 

3.88 

1512 

996.6 

20.09 

1452 

2.50 

19.83 

1392 

497.5 

.... 

758 

1.65 

4.63 

1519 

1001.5 

40.03 

1451 

4.12 

4-56 

1394 

499-6 

758 

1. 61 

4.53 

1523 

1x26.5 

39.60 

1451 

2.885 

5.36 

1398 

489.2 

.... 

758 

X.95 

5.37 

1539 

1000.5 

41.85 

1463 

3.86 

2.19 

PesOi  Kahlbatixn. 

43.01 

2024 

3.21 

2.73 

1503 

504.0 

.... 

758 

2.07 

546 

1 

The  larger  part  of  this  pronure  Is  due  to  oxygen  rdeased  by  the  reducing  actioii 

of  the  platinum  (see  p.  813). 
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(one- third).    The  removal  of  33.33%  of  the  total  oxygen  of  Fe^Oi  would 
yield  PeO,  in  which  the  "per  cent,  ferrous"  is  100. 

The  data  of  Table  III  are  shown  graphically  in  Pig.  5.    The  form  of 
the  curve  shows  clearly  that  the  dissociation  pressure  varies  with  the 

Oxysen  pressure  in  mm.  mercury  (logerithmic  scale) 


000     o    r 

4»     «t   »       <|»     o 


o>     A  ot  0^     c»    p 
b     bob     bo 


P 
o 


1  f 


Is 


\ 


Fe.Os 


^^  c»  %»•  ■^-» 


I 

s     c     <     ST 


1"^'>"- 1 


i  I  I  I 


Hi  \ 


I    ! 
It 


1 1 


*        ? 


Digitized  by 


Google 


826  R.  B.  SOSMAN  AND  J.  C.  HOSTBTTBR. 

Qomposition  of  the  solid.  Since  this  is  a  two-component  system  (iron 
and  oxygen),  there  can  be  only  one  solid  phase;  in  other  words,  there  is 
a  continuous  solid  solution  series  from  FeiOs  to  FeiOi,  or  at  least  to  a 
point  very  near  PeiOi. 

Fortunately  this  conclusion  can  be  demonstrated  optically  for  at  least 
half  the  distance  from  PcfOs  to  FeaOi,  as  is  shown  later  in  more  detail 
by  Merwin's  report. 

This  t3rpe  of  solid  solution  system,  in  which  one  of  the  two  components 
is  volatile  while  the  two  compounds  which  mix  with  one  another  differ 
.only  in  the  proportion  of  volatile  component  which  is  combined  with  the 
[nonvolatile  component,  has  few  representatives  among  the  systems  that 
have  been  studied.  One  which  is  quite  analogous  is  the  series  CoCU.- 
6NE[|-CoCls.2NHa.^  The  ammonia  pressures  of  this  S3rstem  fall  con- 
tinuously with  diminishing  content  of  NHs,  following  a  reversed  curve 
like  that  of  the  iron  oxides,  but  less  pronounced;  near  CoCls.2NHt  the 
:pressure  drops  rapidly,  as  it  does  near  Fet04. 

Pressnre-compofition  Iiotherm  at  1100^. — ^Table  IV  contains  the  re- 
sults of  measurements  at  iioo^.  These  were,  for  the  most  part,  made 
either  in  the  course  of  heating  a  charge  to  1200^  or  during  cooling  from 

Tabui  IV. 
Oxygen  Presures  at  iioo*. 

'  Initial  Inltki 

Pwr 
ecBt. 


wt. 
ichftrge. 

^^ 

Cm      PrtB- 
▼olume.   inrc. 

cent. 

wt. 
chenre. 

eijdie?  Totttme 

Pree- 
.   eorc. 

No. 

M«. 

Mf. 

oc.        Ma. 

ferrous. 

No. 

Mg. 

Mf. 

cc 

MSL     f< 

Magnetite. 

—5.06 

1953 

O.I39* 

IS62 

,1006.0 

0 

1265    O.OIO* 

33.36 

1595 

1000.2 

.... 

1273 

0.425 

IS45 

1000.3 

2.75 

2023    O.IOO* 

30.99 

1596 

501.3 

.... 

1273 

0.290 

I55« 

1003.3 

4.90 

1266  0.068 

28.71 

PesOi  Kahlbaum. 

1516 

1999.9 

19.64 

1455  0.075 

23.85 

1503 

504.0 

.... 

760 

0.200 

1551 

1000. 1 

14.44 

1265  0.094 

19.49 

Pe.0,  Merck. 

I54« 

1002.6 

15.96 

1264  0.084 

18.73 

1394 

499  6 

760 

0.196 

1554 

1002.5 

18.36 

1268  0.102 

15.79 

1398 

489.2 

760 

0.208 

1512 

996.6 

20.09 

1452  0.142 

14.01 

1369 

204.9 

760 

0.120 

1556 

994*9 

21.17 

1465  0.084 

12.93 

1370 

299.8 

760 

0.141 

15.36 

1265  0.081 

18.40 

1374 

295.4 

760 

0.120 

1509 

593-4 

19.97 

1452  0.248 

1.65 

1371 

402.9 

760 

0.130 

1523 

IZS6.5 

39.60 

1449  0.710 

0.66 

1373 

407.1 

760 

0.140 

1519 

1001.5 

40.03 

1452  2.35 

0.23 

1375 

497.7 

760 

O.Z70 

1529 

1000.5 

59.  xo 

145810.04 

0.30 

1376 

501.0 

760 

0.165 

I$2I 

1000.8 

80.46 

1456 18.24 

O.X2 

1362 

501.6 

760 

0.213 

PciOi  from  dectroljrtic  iron. 

1365 

1007.3 

760 

0.235 

1598 

999.3 

6.86 

1398  2.95 

0.29 

1367 

1506.0 

760 

0.265 

5.53 

0.95 
1.26 

0.60 

0.62 
0.63 
0.85 
0.70 
0.60 
0.50 
0.53 
0.51 
0.51 
0.63 

0.38 

0.43 

>  Biltz  and  Petkenheuer,  "Ammoniakverbindungen  der  Halogenide  det  xwci- 
wertigen  Kobalts/'  Z.  anarg.  Ckem.,  89,  97-133  (i9i4)« 

*  The  larger  part  of  this  presture  Is  due  to  oxygen  released  by  the  reduciiig  action 
of  the  platinum. 

'  Pressure  still  falling. 
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1200^,  the  temperature  being  held  at  iioo^  long  enough  for  equilibrium 
to  be  established.  The  results  are  less  reliable  than  those  at  1200^, 
because  the  pressures  are  so  much  smaller  that  the  effect  of  by-reactions 
becomes  a  much  larger  factor  of  uncertainty.     Nevertheless,  the  pressures 


Onygftn  pressure  in  mm.  mercury  (logarithmic  scale) 
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confirm  in  a  general  way  the  form  of  curve  at  1200^,  as  may  be  seen  from 
Pig.  6. 

Fonn  of  DissoeUtion-pressure  Cunre  near  FesOf— The  form  of  the 
dissociation-pressure  curve  near  the  ferric  oxide  side  of  the  diagram  is  of 
interest.  The  evidence  all  points  to  a  rapid  rise  of  pressure  near  pure 
FcsOs;  in  other  words,  the  initial  dissociation  presstuie  of  pure  FesOs  is 
high,  but  drops  rapidly  a3  a  small  percentage  of  FeO  appears  in  the  oxide. 

In  addition  to  the  data  in  Tables  III  and  IV,  the  figures  in  Table  V  sup- 
port this  interpretation.  These  are  data  on  approximately  one-gram 
charges,  all  cooled  from  1200^  at  about  the  same  rate.  The  second  col- 
umn gives  the  amount  of  oxygen  in  the  system  in  excess  of  the  original  Fes04 
at  the  last  reading  at  1200^;  the  third  gi^es  the  pressure  at  1200^;  the 
foiulh,  the  amount  of  oxygen  absorbed  in  cooling  to  room  temperature, 
as  calculated  from  the  known  volumes  and  temperatures  of  the  gas  space: 
and  the  fifth,  the  percentage  of  PeO  found  in  the  charge  by  analysis 
after  its  removal  from  the  furnace.  In  every  case  a  small  amount  of  FeO 
is  found  in  the  charge  after  cooling.  This  indicates  that  there  was  at 
least  this  amount  of  FeO  in  the  charge  at  1200^.  It  might  be  supposed 
that  the  FeO  was  in  the  interior  of  some  of  the  grains,  to  which  oxygen 
had  not  had  time  to  penetrate;  but  on  lowering  the  temperature  to  iioo^, 
and  then  to  room  temperatture,  we  found  that  a  prompt  absorption  of 
oxygen  took  place,  showing  that  some  at  least  of  the  ferrous  iron  was  ia 
equilibrium  with  oxygen  at  1200^,  but  imnjiediately  began  to  be  oxidized 
when  the  temperature  was  lowered.  It  is  significant  that  the  amount 
of  FeO  left,  as  well  as  the  amount  of  oxygen  absorbed,  is  roughly  in- 
versely proportional  to  the  pressure  at  1200*^. 

Tabls  V. 

Oxygen  absorbed 


No. 

Oxygen  added. 
Mg. 

Fressure  at  1200*. 
Mm. 

In  cooling  from 

1200»  to  2or 

Mg. 

Percentage 

of  PeOin 

product  at  20*. 

i5ai 

80.46 

18.31 

0.27 

0.14 

1529 

59.10 

10.23 

0.54 

0.185 

1532 

42.65 

3.61 

1.76 

0.24 

1536 

37.03 

2.87 

4.55 

0.41 

It  is  not  surprising  that  on  cooling  to  room  temperature  some  of  the 
ferrous  iron  did  finally  escape  oxidation,  for  as^the  temperature  is  lowered 
the  rates  of  diffusion  and  of  oxidation  rapidly  diminish. 

An  observation  by  Baxter  and  Hoover  during  their  work  on  the  atomic 
weight  of  iron^  is  of  interest  in  this  connection.  They  ignited  their  oxide 
at  a  temperature  which  is  estimated  to  be  between  looo**  and  iioo*^, 
both  in  air  and  in  pure  oxygen.  The  weight  after  ignition  in  oxygen  was 
consistently  0.2  mg.  (in  5  grams)  higher  than  after  ignition  in  air.    This 

>  Baxter  and  Hoover,  "A  Revision  of  the  Atomic  Wei|;)it  of  Iron.    V.  The  Analysis 
of  Ferric  Oxide,"  Tms  Journal,  34,  1657-1669  (1912). 


Digitized  by  VjOOQIC 


tH:e  02IDBS  OF  IRON.      I.  S29 

was  oonfinned  by  repeated  heating  of  the  same  charge,  and  again  on 
another  series  of  ignitions.  Although  the  value  for  the  atomic  weight  of 
iron,  calculated  from  the  oxygen  ignition,  is  55.840  as  against  55 .  838  from 
FeBri,  whereas  the  air  ignition  yields  the  high  value  55.847,  neverthe- 
less the  authors  ascribe  the  difference  to  "occlusion"  of  oxygen  at  the 
higher  oxygen  pressure.  A  more  probable  explanation,  in  view  of  our 
results,  is  that  even  under  an  oxygen  pressure  of  152  mm.  (pressure  of 
oxygen  in  air)  there  is  a  small  amount  of  dissociation  forming  a  very 
dilute  soUd  solution  of  FciOf  in  FesO^;  this  is  driven  back  practically 
to  zero  by  a  fuD  atmosphere  of  oxygen.  The  amount  of  FeO  produced, 
if  all  the  difference  in  weight  observed  is  due  to  dissociation  at  the  lower 
pressure,  would  be  0.036  per  cent.;  an  amount  which  could  hardly  be 
detected  anal)rtically. 

Optical  Properties.!— The  synthetic  PetOs  of  Merck  and  of  Kahlbaum 
consists  in  each  case  of  aggregates  of  exceedingly  small  doubly  refracting 
crystals.  After  being  heated  to  1200^  in  the  vacuum  fiunace,  under  the 
oxygen  pressure  produced  by  its  own  dissociation,  it  is  much  more  coarsely 
crystalline;  the  grains  reach  a  maximum  diameter  of  about  0.02  mm. 
Grains  of  magnetite  of  about  this  size  may  be  oxidized  to  apparently 
homogeneous  single  grains  of  hematite. 

The  structure  of  similar  grains  which  are  not 
yet  fully  oxidized  is  shown  in  Fig.  7.     Extinction 

is  parallel  to  the  structure.    The  dark  or  opaque 1 

skeleton  consists  presumably  of  a  portion  of  the 
oxide  which  contains  enough  FeO  to  render  it 
opaque  in  the  thickness  in  which  it  is  foimd 
in  the  grains.  Such  skeletons  were  found  in  Sam-  Fig.  7.— Skeletoas  of  opaque 
pies  1548,  1512,  1310  and  1536.  In  all  these  cases  oxide  in  transparent  oxide, 
the  amount  of  oxygen  present  was  insufficient  oxidized  magnetite, 
to  oxidize  the  sample  to  FcqOs.  Hence  the  rapid  cooling  from  high  tem- 
peratures was  all  the  more  likely  to  produce  a  certain  amount  of  inhomo- 
geneity,  shown  by  the  skeletons,  as  a  result  of  the  lack  of  opportunity 
for  diffusion  and  reaction. 

The  observable  optical  properties*  of  the  crystals  of  completely  oxi- 
dized magnetite  are  not  distinguishable  from  those  of  pure  natural  hema- 
tite, namely:  imiaxial,  negative,  €  for  700/LIM  =  2.74,  double  refraction 
greater  than  0.21,  absorption  of  w  very  slightly  greater  than  that  of  c. 
The  products  obtained  by  heating  mixtiures  of  Fe20j  and  Fe804  agree  in 
optical  characters  with  products  having  a  similar  content  of  FeO  but 
made  by  other  methods. 

^  Measurements  by  H.  E.  Merwin. 

'  Amorphous  mixtures  of  selenium  and  tellurium  were  used  as  embedding  ma* 
terials  for  this  series  of  preparations. 
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2.73 
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2.72 
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2.71 
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2.71 
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Preparations  having  compositions  between  pure  Fe^Os  and  a  solution  of 
the  composition  FeO  22%  :  FejOs  78%  appear  optically  as  a  single 
phase.  A  progressive  darkening  and  a  progressive  lowering  of  the  index 
c  accompany  increasing  FeO.  Beyond  18%  FeO  the  absorption  is  so  strong 
that  optical  study  is  not  feasible.  Oxide  with  28%  FeO  (No,  1545), 
for  instance,  is  completely  opaque  even  in  strong  sunlight. 

The  results  of  the  optical  study  are  shown  in  Table  VI. 

Tabls  VI. 
Optical  Properties. 

No.  Materlia. 

X5Q3         Kahlbaum  FcaOk  Heated  at  1200*       0.58       2.74        >o.2z 

,^,^  /5%Fe«04 

^^  195%  Merck  FeiO, 

1513         Fei04  -h  Oi 

1348        FeiOi  +  Oft  Heated  at  1200*     16. 11       2.71        >o.i6 

».,«  /5o%Fe,0« 

^  150%  Merck  FeiOi 

The  refractive  index  of  magnetite  has  been  determined  by  a  reflection 
method  by  Loria  and  Zakrzewski,^  who  found  n  to  be  2.42  for  a  wave 
length  of  yoofMfi.  The  refractive  Indices  of  hematite  should  therefore 
be  lowered  by  dissolved  Fea04,  as  is  found  to  be  the  case.  The  ob- 
served lowering,  however,  is  far  from  being  proportional  to  the  amount 
of  Fe«04  in  solution.  The  optical  properties,  therefore,  confirm  the  ex- 
istence of  solid  solution  between  hematite  and  magnetite  over  the  range, 
within  which  the  products  are  reasonably  transparent  (0-18%  FeO), 
and  imless  the  curve  of  index  against  composition  changes  direction  rapidly, 
would  indicate  a  separation  into  two  phases  at  some  point  between  18% 
PeO  and  pure  Fei04.  The  pressure-composition  isotherm  indicates  that 
solid  solution  continues  at  least  as  far  as  31.8%  ferrous.  If  there  is  a 
break,  then,  it  must  be  expected  between  31 .8  and  33.33%  ferrous,  that 
is,  within  1.5%  of  pure  magnetite. 

Comparison  with  Previous  Investigations. 
Since  the  dissociation  pressure  depends  upon  the  composition  of  the 
solid  phase,  it  is  easy  to  see  why  there  has  been  so  much  uncertainty 
about  the  value  of  the  dissociation  pressure  of  FejOs.  The  pressure  ob- 
tained depends  not  only  upon  the  temperature,  but  also  upon  the  relation 
of  weight  of  charge  to  volume  of  gas  space.  The  data  of  Walden,*  for  in- 
stance, which  are  frequently  quoted,  have  very  little  quantitative  signifi- 
cance because  the  weight  of  charge  and  volume  of  gas  are  not  stated, 
and  the  oxide  whose  pressure  is  being  measured  is  different  for  each  tem- 
perature.     Hilpert*  suspected  some  years  ago,  after  many  unsatisfac- 

>  Loria  and  Zakrzewski,  Ans.  Akad,  Wiss.  Krakau,  19x0,  278-^86. 

»  P.  T.  Walden,  This  Journal,  3o»  1350-1355  (»9o8). 

» S.  Hilpert,  Ber.,  43,  4893-4895  (1909). 
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tory  experiments  by  the  kinetic  (gas-current)  method,  that  the  difficulty 
lay  in  the  formation  of  intermediate  compounds  between  PeiOs  and  FesOi- 
He  found  that  the  dissociation  pressure  varied  with  the  source  and  con- 
dition of  the  FeiOs  employed.  This  is  to  be  expected  when  the  pressure 
is  determined  kinetically  in  a  solid  solution  system,  for  the  result  will 
depend  to  a  large  extent  upon  the  fineness  of  the  powder  and  the  condi- 
tion of  the  surface  of  the  grains. 

Kohlmeyer^  has  made  cooling  curves  on  FesOi  heated  rapidly  to  its 
"melting  point"  and  interprets  the  results  as  indicating  the  existence 
of  compounds  Fe0.3FeiOi,  aFeO.sFciOj,  and  jFeO^FejOj,  as  well  as  in- 
version points' in  FesOs  at  1028-1035®  and  1250-1350^  We  have  found 
no  direct  thermal  or  other  evidence  either  of  compounds  or  inversion 
points  above  1000^. 

Differential  heating  curves  on  Kahlbaum's  and  Merck's  pure  FesOi 
do,  however,  show  a  sharp  inversion  point  at  678^,  and  a  barely  detectable 
irregularity  between  755®  and  785®.  The  latter  may  be  due  to  an  inver- 
sion point  corresponding  to  the  A2  point  in  pure  iron.  The  A2  point  has 
been  shown  by  electrical  tiesistance  measurements  on  pure  iron'  to  occur 
at  757 ^  and  by  thermal  curves  on  the  same  iron,*  at  768®.  These  points 
are  in  the  temperature  region  in  which  iron  becomes  practically  non- 
magnetic. If  there  is  in  fact  an  inversion  in  Fe^Os  which  corresponds 
with  that  in  pure  iron,  the  inversion  would  seem  to  have  some  atomic  basis, 
and  would  not,  as  suggested  by  Burgess  and  Crowe,*  depend  entirely  upon 
a  crystallographic  change  of  the  type  of  A3  (at  898-909**). 

The  only  remaining  oxide  indicated  between  FesOs  and  Fe804  is  the 
Haber-Kaufmann  oxide*  2Fe0.3Fei08.  This  is  said  to  be  a  well-defined 
compound  when  prepared  at  ordinary  temperatures  and  can  be  dried  at 
180^,  but  according  to  Chandra^  it  is  tmstable  at  higher  temperatures. 
We  find  no  indication  of  its  existence  at  iioo^  and  1200^. 

Fmther  investigations  are  under  way  on  the  magnetic  properties  of  the 
FesOi-FcsOi  series,  the  inversions  in  Fe^Oa  and  FcsOi*  and  the  melting 
points  and  oxygen  pressures  in  the  system  FesOr-Fe.  The  geological 
and  mineralogical  application  of  these  data  will  be  presented  in  a  later 
paper.* 

1  E.  J.  Kohlmeyer,  Met.  n.  Ers,  i,  447-462  (1913)- 

*  E.  J.  Kohlmeyer,  MetaUurgie,  6,  323-325  (1909). 

*  Burgess  and  Kellberg,  Bull.  Bur,  Standards,  11,  457*470  (1914). 

*  Burgess  and  Crowe,  Ibid.,  lo,  313-370  (1913). 
*0p.  cU.,  1913,  p.  367. 

*  Kaufmann,  Z.  EUktrochem.,  7,  733*-74i  (1901). 
7  H.  Chandra,  Inaug.  Diss.,  Berlin,  1913. 

*  A  preliminary  report  on  the  ferrous  iron  content  and  magnetic  properties  of  the 
natural  oxides  of  iron  was  presented  at  the  December,  19 15,  meeting  of  the  Geological 
Society  of  America. 
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Sununiiy. 

This  investigation  of  the  chemical  relationships  of  the  iron  oxides  has 
been  undertaken,  as  a  basis  for  the  study  of  the  iron-bearing  silicates  at 
high  temperatures.  Measurements  of  the  dissociation  pressure  of  the 
iron  oxides  were  made  in  a  vacuum  furnace  with  a  heating  tube  of  platinum*, 
rhodium. 

A  study  of  the  conditions  of  equilibrium  shows  that  reproducible  oxy- 
gen pressures  can  be  obtained  at  a  given  temperature.  Equilibrium 
is  attained  in  a  few  minutes  at  high  temperatures,  although  certain  dis- 
turbing reactions  go  on  slowly.  One  of  these  by-reactions  is  the  reduc- 
tion of  the  oxide  by  platinum,  3nelding  oxygen  and  an  iron-platinum  alloy. 
This  reaction  accounts  for  the  common  occurrence  of  iron  as  an  im- 
purity in  platinum. 

Ferric  oxides  from  various  sotu-ces  yield  practically  identical  pressures 
(excluding  certain  minor  exceptions  which  cannot  as  yet  be  explained). 
The  same  pressures  are  also  attained  on  both  rising  and  falling  tempera- 
tures. The  oxidation  of  magnetite  gives  pressures  which  are  identical 
with  those  produced  by  dissociation  of  pure  Fe20s. 

The  pressure-composition  isotherm  for  the  system  FejOi-FciO^  at  1200** 
indicates  a  continuous  solid  solution  series  from  Fe20«  over  to  a  point 
very  near  FejOi,  if  not  over  the  entire  range  to  Fe804.  The  opacity  of 
the  products  prevents  an  optical  demonstration  of  the  existence  of  solid 
solution  in  products  with  more  than  18%  FeO,  but  its  e^tence  can  be 
shown  optically  in  products  which  are  more  ferric  than  this.  The  pressure- 
composition  isotherm  at  11 00^  confirms  that  at  1200^. 

The  major  portion  oi  the  oxygen  pressure  curve  of  the  system  at  1200® 
Ues  between  the  limits  4  mm.  and  i  mm.  The  presstu^  drops  rapidly 
near  FcsOi,  and  raises  rapidly  •near  Fe20a.  Table  VII  contains  a  series 
of  representative  values. 

Table  VII. 
Representative  values  of  oxygen  pressure  in  equilibrium  with  solid  solutions  between 

PeiOs  and  Pei04. 


FiBPccntftcc  of 
FeO. 

Pcrcenttti^e  of  iron 
which  is  ferrous. 

Pressure  At 
1100». 

Pressure  ^t 
1200». 

0.90 

I.O 

0.37 

5.0 

1.80 

2.0 

0.22 

3.6 

2.71 

3.0 

0.17 

3.0 

4.52 

5.0 

0.13 

2.6 

9.09 

10. 0 

O.IO 

2.15 

13.70 

15.0 

0.092 

1.80 

18.37 

20.0 

0.085 

1-55 

23.07 

23. 0 

0.069 

1.27 

a7.«3 

30.0 

0.052 

0.85 

31  03 

33.33 

<o.oo5 

<0.04 
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Since  the.  dissociation  of  FeiOa  results  in  the  fonnation  of  a  solid  solu- 
tion, the  pressure  of  oxygen  and  the  composition  of  the  solid  phase  de- 
pend upon  the  relation  of  the  weight  of  the  charge  to  the  volume  of 
the  space  into  which  the  oxygen  dissociates.  This  fact  accounts  for  the 
variety  and  uncertainty  of  results  heretofore  obtained  in  experiments 
on  the  dissociation  pressure  of  FegOs. 

Washinotom,  D.  C. 


(Contribution  from  tbb  Mosunr  Chsiocal  Laboratory,  Wsstbrn  Rkssrvs 
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THE  VISCOSITY  OF  CERTAIN  ALCOHOLIC  SOLUTIONS. 

Bt  O.  p.  Towvr. 
Received  Febnutfy  22,  1916. 

About  a  year  ago  the  author,  in  collaboration  with  Dr.  Germann,^ 
published  the  results  of  a  series  of  determinations  of  the  vapor  pressures 
of  solutions  of  three  typical  solutes  in  methyl  and  ethyl  alcohols.  It  has 
seemed  worth  while  to  investigate  in  addition  some  of  the  other  physical 
properties  of  such  solutions.  The  electrical  conductivity  of  those  that  are 
conductors  have  already  been  measured,  so  in  this  paper  the  results  of 
viscosity  determinations  are  given,  together  with  a  general  discussion 
of  the  relations  existing  between  the  viscosity  and  other  physical  proper- 
ties of  such  solutions. 

The  solutes  were  the  same  as  those  employed  in  the  vapor-pressure 
determinations,  viz.,  lithium  chloride,  potassium  iodide  and  benzil;  and 
in  addition  urea,  since  vapor  pressures  of  solutions  of  this  substance  in 
ethyl  alcohol  have  recently  been  published.^  The  lu-ea  used  was  a  pure 
preparation  and  was  fmlber  purified  by  two  crystallizations  from  hot 
absolute  alcohol;  the  other  solutes  were  from  samples  which  had  been 
ptuified  for  the  vapor  tension  work.  They  were  all  preserved  after  puri- 
fication in  a  vacuum  desiccator.  The  alcohols  were  purified  by  allowing 
"C.  P."  preparations  to  stand  in  contact  with  quick-lime  for  a  year, 
after  which  they  were  distUled  on  to  anhydrous  copper  sulfate  and  remained 
in  contact  with  it  for  somewhat  over  a  week.  After  this  they  were  frac- 
tioned  in  vacuo  in  an  apparatus  like  that  described  in  the  previous  paper, 
and  were  then  distilled,  still  in  vacuo,  on  to  weighed  quantities  of  the  solute. 
The  solutions  thus  obtained  were  transferred  to  the  viscosimeter  by 
means  of  an  apparatus  essentially  the  same  as  that  employed  by  Thorpe 
and  Roger*  for  the  same  purpose,  and  were  therefore  in  contact  with 
ordinary  air  only  for  the  moment  they  were  being  transferred  from  the 
distilling  apparatus.  In  the  viscosimeter  they  were  in  contact  only  with 
air  which  had  been  dried  over  phosphorus  pentoxide. 

^  This  Joitrnal,  36,  2449  (1914). 

»  Price,  /.  Chem.  Soc,,  X07,  188  (1915). 

*  Phil,  Trans,,  {A)  185,  4x5  (1894). 
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The  viscosimeter  used  was  a  modified  form  of  the  Bmgham  apparatus 
(see  Fig.  i).  It  had  two  vertical  capillary  tubes  about  5  cm.  long,  one  in 
each  arm  of  the  instrument,  instead  of  one  horizontal,  removable  capillary 
as  in  the  apparatus  employed  by  Bingham  and  White.*    Its  total  capacity 

while  in  operation  was  5  cc.  It 
stood  in  a  water  bath  with  glass 
sides  of  about  10  Uters  capacity, 
whose  temperature  could  easily 
be  maintained  within  o.i^  of 
the  desired  temperature,  usually 
15  ^.  Each  arm  of  the  viscosim- 
eter was  connected  with  an  out- 
let of  a  four-way  stopcock.  The 
other  outlets  of  the  stopcock 
connected  with  the  external  air 
and  with  an  air  chamber,  re- 
spectively. The  air  in  the  cham- 
ber was  maintained  at  constant 
pressure  by  means  of  a  column 
of  water  equivalent  to  47  mm* 
of  mercury.  A  large  tube  con- 
taining phosphorus  pentoxide 
separated  the  air  in  contact 
with  the  water  column  from  the 
main  air  chamber.  In  carrying 
out  an  experiment  the  liquid  in 
the  instrument  was  driven  from 
A  toB  (see  Fig.  i)  or  vice  versa 
by  means  of  the  constant  air 
pressure,  the  time  being  mea- 
sured with  a  stop-watch. 

The  apparatus  was  calibrated 

by  using  specially  purified 

water,  whose  viscosity  at   15* 

pi^   J  was   asstuned    to  be    0.01136^ 

which  is  the  average  of  the 
results  of  Thorpe  and  Roger*  and  of  Bingham  and  White.'  To  illustrate^ 
the  sUght  variations  observed  in  the  time  of  flow,  one  set  of  the  results 
with  water  are  given  in  Table  I. 

^  Z.  physik.  Chem.,  8o»  684  (1912). 

*  Loc.  cit. 

*  Ibid,,  Hosking's  value  at  this  temperature  is  ox>ii43,  PkU.  Mag.,  [6]  18,  260 
(1909).    This  seems  to  be  too  high. 
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Tabls  I. 


FUttoff. 


Mia. 
5 
5 
5 
5 
5 
5 


33 
32  5 
33 
32 
33. 5 
33 


Mia. 

8m. 

38 

39 

39 

38.5 

28 

38.5 

Average 5  32.9  5  38.5 

Average  both  sides,  5  min.,  30.7  sec  »  330.7  sec 

Since  the  driving  force  due  to  the  weight  of  the  liquid  was  negligible 
in  comparison  with  the  pressure  exerted  by  the  water  column,^  we  have 
for  any  two  liquids,  9/11'  »  tli\  in  which  9  and  ni'  are  the  viscosities  and 
i  and  t'  are  the  times  of  flow  of  the  two  liquids,  respectively.  For  water 
at  15 •,  If'  =  0.01138,  and  t'  =  330.7  sec.  (see  Table  I);  therefore  for  any 
other  liquid  iy  =  xi' It'  i  «  0.00003435  t^  which  is  the  equation  used  in  cal- 
culating the  viscosities  in  all  of  the  following  work. 

The  viscosity  of  methyl  and  ethyl  alcohols  has  been  previously  de- 
termined, as  well  as  that  of  mixtures  of  these  alcohols  with  water  for  every 
5  or  10%  change  of  concentration  up  to  pure  water.'  These  results  have 
been  plotted  in  curves  showing  the  variation  in  the  viscosity  with  increasing 
quantities  of  water.  However,  no  determinations  have  been  made  be- 
tween the  viscosity  of  pure  alcohol  and  that  of. a  mixture  containing 
about  5  or  10%  of  water.  This  is  a  portion  of  the  cinire  which  it  is  very 
desirable  to  know  as  accurately  as  possible,  and  hence  I  have  determined 
not  only  the  viscosity  of  the  alcohols  themselves,  but  also  that  of  mix- 

Tabls  II. 


Methyl  ftfeohd. 

Ethyl  eleohol. 

%  water     Visoodty. 

Tempcr- 

Methyl  aledhol. 

%  water 
by  wt.               f. 

%  water 
by  wt. 

Vleoodty. 

f. 

by  wt. 

f. 

•ture. 

Obtenrer. 

0.0 

0.006292 

0.0 

0.01317 

I4.53' 

0.0         0.006405 

T.  &  R.« 

0.763 

0.00652 

0.775 

0.01383 

I5* 

0.0         0.00638 

Getman(*) 

1.330 

0.00671 

1.876 

0.01443 

15" 

13.34       0.00965 

M 

a. 477 

0.00708 

4.115 

0.01545 

Sthyl  akoiiol. 

4.653 

0.00782 

6.764 

0.01678 

13. 33* 

0.0         0.013573 

T.  h  R.«,  . 

8.103 

0.00891 

9.267 

0.01805 

15- 

0.0         0.01315 

B.  «  D,* 

II.3IO 

0.00995 

II.  104 

0.01891 

15' 

6.22       0.0166 

V.  &  G.* 

15.142 

O.OIIII 

13.974 

0.01973 

I5* 

12.275     0.0189 

(4 

*  Several  ezperiments  showed  this  to  be  true. 

*  See  for  example  Dunstan,  /.  Ck&m.  Soc,,  85,  833-4  (1904);  and  Getman,   J. 
».  My*.,  4,386  (1906). 

'  Thorpe  and  Rodger,  he,  cil.,  pp.  530-1. 

^  Loc,  cit.,  pp.  393  and  395.    Given  in  the  text  as  10%  water  by  Yolume. 

■  Bingham  and  White,  loc.  cit„  p.  383. 

*  Varenne  and  Godefroy,  CampL  rend.,  137,  9931  (1903).    Results  have  been  re- 
calculated to  the  same  miits  as  the  others  in  this  paper. 
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tures  of  them  with  small  quantities  of  water.  The  measurements  were 
made  at  15°,  and  the  results  are  given  in  Table  II.  Results  obtained  by- 
others  at  or  near  the  same  temperature  are  shown  at  the  right.  Those 
with  methyl  alcohol  differ  considerably  from  mine.  This  is  probably 
due  to  the  fact,  that  so-called  C.  P.  methyl  alcohol  is  not  as  pure  as  ab- 
solute ethyl  alcohol,  not  because  it  contains  more  water,  but  because  it 
very  likely  contains  traces  of  other  organic  substances,  from  which  it 
is  freed  only  by  repeated  fractional  distillation.  This  was  insured  in 
the*  sample  used  here  by  the  rigorous  fractioning  to  which  the  alcohols 
were  subjected  in  vacuo. 

The  results  of  Table  II  have  been  plotted  in  ctuves,  which  are  repro- 
duced in  Fig.  2.    The  viscosities  of  the  ethyl  alcohol  mixtures  have  been 


CC-Cfii«TAlMU. 


**        '♦/        V        «;        t^x       «;f        »-»/        w; 

ConcenlraliQu. 

PlO.  3. 

divided  by  two,  and  the  numbers  so  obtained  used  as  ordinates.  This 
was  done  so  that  both  curves  could  be  shown  on  the  same  diagram.  As 
is  seen,  they  both  approximate  to  straight  lines^  so  that  there  is  nothing 
exceptional  in  the  "alcohol  end"  of  the  viscosity  curves  of  mixtures  of 
water  with  either  methyl  or  ethyl  alcohol. 

The  results  of  the  viscosity  measurements,  which  have  been  made  at 
15^  (the  temperature  at  which  the  vapor  pressure  determinations  were 
made),  are  shown  in  Table  III.  The  reciprocal  of  the  viscosity  is  known 
as  the  fluidity.    This  is  shown  und^r  ^  in  the  last  colunm. 

Table  IV  gives  the  results  using  urea  as  solute.  The  measurements 
were  made  at  diflFerent  temperatures  as  indicated  by  the  subscripts  in  the 
viscosity  and  fluidity  columns. 
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Solvent:    Methyl  Alcohol.                      Solvent:    Ethyl  Alcohol. 

Solute:    Lhhhim  Chloride. 

Substance  In         MoL 

Sttbetance  in 

Mol. 

1  g.  alcohol.        per  mol. 

f. 

9.            1  g.  alcohol. 

per  mol. 

f. 

^ 

0.06845        0.05170 

0.0147 1 

67.98         0.04516 

0.04904 

0.02998 

33.36 

0.04479        0.03386 

0.01118 

89.45         0.03501 

0.0380a 

0.02486 

40.23 

0.02756        0.02082 

0.009114 

109.7            0.02093 

0.02273 

0.01977 

50.58 

0.01459         0.0II02 

0.007815 

128.0           0.01048 

O.OII38 

0.01643 

60.86 

0.01392         0.01053 

0.007739 

129.4           0.004824 

0.005236 

0.01477 

67.70 

0.00792         0.005983 

0.007207 

138.8            0.002587 

0.002809 

0.01405 

71.17 

0.00490         0.003703 

0.006891 

145.1 

0.002655       0.002005 

0.006667 

150.0 

Solute:    Potassium  Iodide. 

'• 

O.II694         0.02238 

0.00823 

121.5            0.01337 

0.003709 

0.01386 

72.15 

0.07674         O.OI481 

0.00768 

130.3         o.ooBso 

0.002374 

0.01363 

73.42 

0.04S74       0.00683 

0.00717 

139.5         0.00474 

0,001315 

0.01342 

74.52 

0.02265      0.00437 

0.00674 

148.4 

O.OII87      0.00229 

0.006565 

X5a.3 

0.00574        O.OOIZl 

0.006465 

154.7 

Solute:  Benzil. 

0.04293     0.006545 

0.006661 

150. 1          0.02039 

0.004470 

0.01335 

74.91 

0.03II2      0.004745 

0.006589 

151. 8          0.01136 

0.002490 

0.01338 

75.30 

0.01889      0.002880 

0.006479 

154.3          0.00682 

0.001495 

0.01333 

75.64 

o.ot094      0.001668 

<»joo6^io 

156.0 

•     ' 

i. 

Solvent:    Methyl  Alcohcl. 

SolMUnfieiii 

1  ff.  alcohoL      Mol 

Lpermol. 

^•.                       *!••. 

»4t». 

i^«t»»   • 

0.09154           0 

.04882 

0.006690              149.5 

0.005493 

182.1 

O.06110           0.03258 

0.006435              155.4 

0.005155 

194.0 

0.04335            0 

.02312 

0.006183         161. 7 

0.004964 

201.5 

.  0.02986            0 

.01592 

0.005968         167.6 

0.004819 

207.5 

0.01567            0 

.008355 

0.005771          173.3 

0.004663 

214.5 

0.008693         0 

.004636 
cohcd 

0.005665         176.5 

0.004558 

219.4 

PuiefOi 

0.005523         181. 1 

0.004460 

224.3 

Solvent:  Ethyl  Alcohol. 

, 

Sttbrtance 

in  Iff. 

•IooImL      MoL  per  »6L 

'ii*.       «^»,       »•••.        no*. 

MoLpermoL 

"«••. 

*«••. 

0.04749        0.03641     0 

.01243    80 

.5     0.007762     128.8 

0.04875       0.009595 

104.2 

0.03163        0.02435     0 

.01195    83 

.7     0.007535     132.7 

0.03804       0.009323 

107.3 

0.01432        0.01098     0 

.01140   87 

.7     0.007301     137  0 

0.03005       0.009124 

109.6 

0.007395      0.00567    h 

.01121    89 

.2      0.007164      139.6 

0.01836       0.008842 
0.01095       0.008647 
0.006659     0.008542 

113.1 
115.7 
117. 1 

0.003712    c 

). 008430 

118.6 

Pure  alcohol 0 

.01098   91 

.1      0.007040      142. 1 

3.008383 

119.3 
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In  order  to  ascertain  how  the  viscosity  of  these  solutions  varies  with 
change  of  temperature,  the  following  measurements  were  made  at  the 
temperatures  indicated  by  the  subscripts  (Table  V) : 

Tabus  V. 
Potassiuin  Iodide  io  Methyl  Alcohol. 


Sttbatance  in 
1  g.  aloofaol. 

Md.  per  mdl. 

'ii*. 

•^•. 

"to*. 

^M^. 

0.09772 
0.07039 

0.03593 
0.01786 

0.01885 
0.01358 
0.006933 
0.003445 

0.006767 
0.006450 
0.006018 
0.005783 

147.8 
155.0 
166.3 
173.0 

0.005443 
0.005207 
0.004864 
0.004661 

183.7 
192.0 
305.6 
314.6 

BenzU  in  Methyl  Alcohol 

Subatenoe 
in  1  g. 
ttkoiiol.     U6L  per  mot.        «m^ 

<^40«. 

Benzil  in  Ethyl  AkohoL 

Sttbutaiice 
in  1g. 
alcohol.     Mot.  per  mot.        1^40^ 

*«•. 

0.05477      0,00835 
0.03337      0.00509 
0.030I0       0.003065 
0.01074      0.001637 

0.004880 
0.004737 
0.004634 
0.004552 

ao4-9 
SIX. 5 
316.3 
219.7 

0.04717 
0.03834 

0.03574 
0.0I306 

0.01934 

0.008383 
0.005643 
0.003644 

0.008733 
0.008659 
0.008566 
0.008473 

114. 6 
X15.S 

116. 7 
118.0 

The  variation  of  the  viscosity  with  the  concentration  of  those  solutions 
of  which  the  measurements  were  made  at  15^  and  of  the  urea  solutions 
at  40**  is  shown  in  the  form  of  ciur-es  in  Fig.  3. 

These  curves  show  that  each  solute  afiPects  the  viscosity  of  both  alcohols 
in  a  very  similar  manner.  The  steepness  of  the  curve  depends  obviously 
on  the  solvation  of  the  solute.  Lithium  chloride  combines  to  a  consider* 
able  extent  with  the  alcohols  and  its  curves  are  therefore  the  most  in- 
dined,  potassium  iodide  which  combines  to  a  less  extent  gives  curves  of 
intermediate  slope,  while  the  curves  of  benzil  and  urea  which  do  not  com- 
bine with  the  solvent  to  any  extent  are  quite  flat.  Of  course  also,  in  the 
case  of  the  first  two  solutes  besides  combination  with  the  solvent,  ioniza- 
tion takes  place,  which  renders  interpretation  of  the  results  more  difficult. 

According  to  Bousfield^  the  viscosity  of  a  solution  is  proportional  to 
the  radions  of  the  different  substances  composing  the  solution.  By 
radion  he  denotes  the  average  molecular  radius  of  a  given  species  of  mole- 
cules, as,  for  example,  those  of  water,  in  the  forms  of  hydrol,  dihydrol 
and  trihydrol.  His  expression  for  the  viscosity  is  then,  11  »  CiBiU  + 
C%B^%  +  etc.  in  which  Ci,  d,  etc.,  are  constants  and  Bi,  J5i,  etc.,  arc 
the  volume  fractions  occupied  by  a  set  of  molecules  whose  radions  are 
fii  ft,  etc.,  respectively.  Now  in  aqueous  solution,  on  account  of  the 
association  of  the  solvent,  the  value  of  r  may  undergo  great  changes 
due  to  the  action  of  the  solute  on  the  three  kinds  of  water  molecules. 
The  alcohols  are  less  associated  than  water,  and  consequently  one  might 
expect  a  solute  to  have  less  effect  in  altering  the  average  molecular  size, 
that  is,  in  altering  their  radions.  This  being  the  case,  the  change  in 
I  PhU.  Trans.,  (A)  306,  134  (1906),  and  also  /.  Chem,  Soc.,  107,  1781  (1915)- 
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viscosity  of  a  given  solution  with  the  concentration  should  depend  more 
upon  the  solute  and  its  changes  in  solvation  and  ionization  than  upon 
the  solvent ;  and  this  is  what  the  curves  of  Pig.  3  seem  to  show  In  aqueous 
solution  these  solutes  have  a  very  different  effect  upon  the  viscosity. 


,M  M  gk  M  J^  JQ5 

Pig.  3.— The  scale  of  TisccMrities  is  that  of  the  sotutioiis  in  oiethyl  alcohol.  In  order  to 
show  the  results  In  ethyl  alcohol  soltttion  on  the  same  diagram,  the  viscosities  of 
such  solutions  have  been  halved  and  then  0.001  added.  This  last  was  done  so  that 
the  curves  would  not  be  superimposed  upon  those  of  the  methyl  alcohol  solutions. 
Por  example,  the  viscosity  of  pure  ethyl  alcohol  at  15*  is  0.01317;  one-half  of  this 
is  0.00659,  and  adding  o.ooi  we  obtain  0.00739,  which  is  the  point  E  in  the  left- 
hand  margin.    All  ofdtnates  for  the  ethyl  alcohol  solutions  were  obtained  in  the 


As  is  well  known,  potassium  iodide  and  a  number  of  other  salts  of  caesium» 
rubidium,  potassium  and  ammonium,  when  dissolved  in  water,  yield 
solutions  with  negative  viscosities,  and  also  the  viscosity  curve  of  lithium 
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chloride  in  water^  (shown  as  a  dotted  line  in  Fig.  3)  is  very  unlike  the  ones 
here  obtained  when  it  is  dissolved  in  alcohols. 

The  viscosity  of  a  solution  is  a  resultant  of  a  number  of  forces,  of  which 
one  of  the  principal  is  the  same  as  that  which  determines  the  vapor  tension. 
Vapor  tension  is  due  to  the  motion  of  the  molecules  of  a  liquid  and  the  con- 
sequent escape  of  some  of  them  from  the  surface  of  the  Uquid  into  the  vapor 
state;  and  in  general  the  more  viscous  a  Uquid  the  less  is  its  vapor  tension. 
The  expression,  p  —  pi/pCy  that  is,  the  relative  lowering  of  the  vapor 
pressure  divided  by  the  concentration  is  a  characteristic  constant  for 
solutions.  It  is  known  that  the  similar  expression  for  the  viscosity, 
viz.,  ij'  —  nA^*  is  not  characteristic  of  aqueous  scdutions.  However, 
for  the  reasons  advanced  above,  in  the  case  of  alcoholic  solutions  such  an 
expression  might  be  constant  and  might  show  some  relation  to  the  vapor- 
pressure  lowering  constant.  To  test  this  these  two  expressions  have 
been  evaluated  for  the  alcoholic  solutions  considered  in  this  paper  in 
so  far  as  vapor-pressure  measurements  are  available.  The  results  are 
shown  in  Table  VI. 

The  fluidity  of  a  solution  has  sometimes  been  found  to  be  more  inti- 
mately related  to  certain  other  of  its  phy^cal  properties  than  has  the 
viscosity.  Consequently  for  the  solutions  of  lithium  chloride  in  the  alco- 
hols the  ntmierical  values  of  the  expression  <p  —  <p'/^  are  given  also.  It 
is  seen,  however,  that  these  values  are  not  so  constant  as  those  under 
the  similar  expression  for  the  viscosity,  and  hence  space  will  not  be  con- 
sumed in  giving  these  values  for  the  remainder  of  the  solutions.  The 
vapor  pressures  of  the  lithium  chloride,  potassium  iodide  and  benzil 
solutions  are  taken  from  the  work  of  Tower  and  Germann,'  and  of  the 
urea  solutions  from  the  work  of  Price.*  In  the  former  case  the  viscosities 
have  been  read  off  from  the  curves  of  Fig.  3,  at  the  concentrations  at 
which  the  vapor  presstu'es  were  measured,  and  in  the  latter  case  the  re- 
verse method  has  been  employed,  that  is,  the  vapor  pressures  have  been 
taken  from  Price's  etudes  at  the  concentrations  at  which  the  viscosities 
were  determined.  The  values  of  the  viscosity  are  not  repeated  in  the 
following  table  unless  they  are  interpolated  values  not  previously  given. 
The  viscosity,  ij,  of  the  pure  alcohols  will  be  found  in  the  previous  tables. 
The  following  are  the  values  used  for  p,  the  vapor  pressure  of  the  pure 
solvents: 

Methyl  alcohol,  15 ^  73.61  mm.  Ethyl  alcohol,  40^  134.95  tnm.   , 

Ethyl  alcohol,  15  ®,  32 .  18  mm.  Ethyl  alcohol,  5o^  224 . 8  mm. 

The  concentration  c  is  expressed  in  mols  per  mol,  and  the  temperature  is 
15^  unless  indicated  otherwise  by  a  subscript. 

>  Data  from  Hoakfaig*  Phil.  Mag.,  [6]  7,  47a  (1904). 

*  In  this  expression  9'  is  the  viscpeity  of  the  sohition  and  17  that  of  the  pure  alcohol. 

*  Loc.  cit.f  pp.  2454-j. 

*  Ibid,,  pp.  191-3- 
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Tabl«  VI. 

Solute:    Lithitun  Chloride. 

Solvent:  Methyl  Alcohol.  Solvent:  Ethyl  Alcohol. 


c.  P'. 

0.04103  67.85 

ox>3i50  69.27 

0.02032  70.950 

0.01298  71.870 


v'-         Pc       nc 
0.0x250   1. 9 1   24.1 


12. 1 


0.01082  1.87  22.9  13.3 

0.00905  1.78  22.1  I5X> 

0.00807  1-82    21.8  17.0 

0.00724  72.6035  0.00733  1.88  22.8  19.6 

0.00468  73.0229  0.00700  1.70  24.1  21.5 

0.00185  73.4652  0.00665  1.06  30.9  28.9 


P-P'  n'-n  ^9' 

C.  P'.  n'.       PC  nC       IM 

0.04156  30.385  0.02632  1.34  24.0  12.0 

0.02268  31.0215  0.01974  1.59  22.0  14.7 

ox>i875  31.4262  0.01854  1.26  21.8  15.5 

0.01289  31.6930  0.01687  1. 18  21.8  17.0 

0.01024  31.8403  0.01618  1.03  22.3  18.2 


Solute:    Potassium  Iodide.    Solvent:    Methyl  Alcohol 

c'. 

P^P'        ,'-.»                               V-f          I'-f 
'.                      n'.                 PC              nc                  c.                   'Km*             f^40» 

0.02444 

0.01489 
0.00943 
0.00630 
0.00333 

0.00II9 

70. 
71. 
72. 
72. 

73. 
73. 

692           0.00837          1.62          13.5 

830           0.00769         1.62          14.9 

487           0.00721          1.62          15.5         0.01885            II 

812             0.00693           1.72           16.2          0.01358             12 

187              0.00665            1.73            17.2           0.006933            12 

456              0.00647            1.76           24.0           0.003445            13 

Sohite:    Potassium  Iodide.    Solvent:    Ethyl  Alcohol. 

.95         11.70 
.36         12.33 
.93         12.48 
.61         13.08 

c. 

P-P\       I'-f. 

P'.                       f'.                          PC                    «K                          C 

0. 
0 
0 

00463 
.00275 

.00170 

31.9903   0.01399        1.27      13.5 

32.0673    0.01372         1.27        15.2           — 

32.1172     0.01355           I -15         17-0             

Solute:    Benzil.    Solvent:    Methyl  Alcohol. 

" 

0. 
0. 
0 
0 

.00558 
.00479 
.00315 
.00161 

73.278      0.00662         0.81          9.4        0.00835 
73.390      0.006595        0.91        10. 1        0.00509 
73418      0.006505        0.83        10.8        0.003065 
73.510      0.00640         0.84        10.9        0.001637 

Solute:    Benail.    Scdvent:    Ethyl  Akohol. 

11.3 
II. 8 

13. 0 
12.6 

0 
0 
0 

.00619 

.00338 
.00175 

31.992      0.01339         0.99        2.70        0.01034 
32.061      0.01332          1.09        3.57        0.008383 
32.121      0.01325          1.05        3.47        0.005642 
....                                          0.002644 

Solute:    Urea. 

3.94 
3.94 
3.89 
4.06 

Solvent: 

Methy 

I  Alcohol.                                    Solvent:  Ethyl  Alcohol. 

c. 

'•«4«*                   C.           P'i»:     P^i»^       ^«40*          c.           ir^M*     ^M« 

0.04882 

0.03^58 

0.02312 

0.01592 

0.008355 

0.004636 

4.33 
5^07 
5-17 
5.06 
5.38 
5.55 

4.74         0.04875  126.8     1.24    2.97 

4.78          0.03804  128.6     1.24    2.95  0.03641  3.63    314.5       1.26    3.8t 
4.89         0.03005  130.3     1.33    2.95  0.02435  3.^4    217.74    1-27    3.90 
5.06         0.01836  132.2     1. 10    2.99  0.01098  348    221.81     1.21    3.38 
5.45         0.01095  133.5    0.98    2.89  0.00567  3.69    232.84     150    3.11 
4.74         0.00666     ..                  2.87 
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Considering  first  the  observations  at  15^,  it  is  seen  that  the  value  of 
the  expression  ij'  —  ri/ric  is  a  constant  for  any  one  substance  within  the 
Umits  of  error  of  the  measurements.  To  avoid  frequent  circumlocution 
this  will  be  termed  the  "viscosity  constant/'  and  for  the  same  reason 
the  expression  p  —  p'/pc  will  be  known  as  the  "vapor-pressure  constant." 
The  former  does  not  vary  much  with  the  nature  of  the  alcohdi  except  in 
the  case  of  benzil,  where  it  has  a  much  greater  value  in  methyl  alcohol 
than  in  ethyl.  In  connection  with  the  calculations  of  the  molecular 
weights  from  the  lowering  of  the  vapor  pressure  it  was  remarked:  "The 
molecular  weight  of  benzil  in  ethyl  alcohol  seems  to  be  normal,  while 
in  methyl  alcohol  it  seems  to  be  associated  with  one  or  two  molecules  of 
the  solvent."^  This  would  account  for  the  abnormally  large  value  of 
benzil's  viscosity  constant  in  methyl  alcohol  (it  is  not  only  much  larger 
than  that  of  benzil  in  ethyl  alcohol,  but  also  than  that  of  urea  in  either 
of  the  alcohols),  for  the  more  a  solute  combines  with  the  solvent  the  greater 
is  this  constant.  This  is  shown  by  its  large  value  in  the  lithium  chloride 
solutions.  In.  the  potassitun  iodide  solutions  the  value  is  smaller,  but 
still  considerably  greater  than  in  the  non-solvated  tu-ea  solutions.  The 
vapor-pressure  constant  varies  in  the  same  order  with  the  solvation  of 
the  solute,  but  to  a  much  less  degree.  There  is  therefore  only  the  most 
general  sort  of  a  parallelism  between  the  two  constants. 

The  values  of  these  constants  at  other  temperattu^  than  15^  illustrates 
the  effect  of  change  of  temperature  upon  them.  As  is  well  known,  Babo's 
law  states  that  the  relative  lowering  of  the  vapor  pressure  of  a  solution 
at  any  given  concentration  is  independent  of  the  temperature,  and  this 
has  recently  been  confirmed  by  Price,  that  is  the  expression  p  —  p'/pc 
would  be  constant  at  different  temperatures,  which  is  seen  to  be  true. 
As  to  the  viscosity  constant,  it  shows  but  little  variaticm  with  the  tempera- 
ture. As  far  as  these  results  are  concerned  it  is  apparently  constant 
for  moderate  changes  of  temperature.  However,  the  data  here  are  too 
meagre  to  warrant  a  sweeping  statement. 

In  a  recent  paper  by  Jones  and  associates,'  the  opinion  is  expressed  that 
the  negative  viscosity  exhibited  by  some  salts  of  caesium,  rubidium, 
potassium  and  ammonium  in  certain  solvents  depends,  among  other 
things,  on  the  association  of  the  solvent.  No  negative  viscosities  were 
found  for  any  of  the  solutions  of  these  salts  in  formamid,  and  they  there- 
fore conclude  that  this  is  due  to  a  certain  extent  to  the  high  association 
of  this  solvent.  It  is,  however,  so  far  as  has  been  investigated,  only  in 
water  and  glycerol  of  the  pure  scdvents  that  these  salts  jridd  nq;ative 
viscosities.    No  such  negative  viscosities  have  been  observed  in  pure 

^  Tower  and  Gennaim»  loc.  cU,,  p.  2456. 
*  Pub.  Camegie  Inst.,  230,  p.  36. 


Digitized  by  VjOOQIC 


THB  VISCOSITY  OF  CERTAIN  ALCOHOUC  SOUTTIONS.  843 

methyl  or  ethyl  alcohol  nor  in  acetone.  The  association  factors  of  these 
liquids  are 

Ponoamid,  6.zS  Ethyl  aloolud,       a.  74 

Water,  3.81  Glycerol,  1.80 

Methyl  alo6h<d,        3.43  Acetone,  1.26 

The  phenomenon  of  negative  viscosity  in  these  solvents  has  nothing 
apparently  in  common  with  the  order  of  these  numbers,  and  until  a  great 
deal  more  data  are  at  hand  it  will  be  impossible  to  show  what  the  in- 
fluence of  the  solvent  is  upon  it. 

With  regard  to  the  nature  of  the  solute,  the  theory  of  Jones  and  Veazey^ 
seems  plausible,  that  is,  that  it  is  due  to  the  large  molecular  volume  oi 
this  component  of  the  solution. 

In  the  paper  to  which  reference  has  just  been  made  a  niunber  of  viscosity 
measurements  of  salts  in  formamid  at  15®,  25*  and  35®  are  reported.* 
Unforttmately,  the  concentrations  are  expressed  in  volume  normal  terms 
and  no  densities  are  given,  so  that  direct  comparison  with  the  results  of 
this  paper  can  not  be  made.  However,  values  of  the  expression 
fl'  —  i?/i7c'  in  which  c'  is  the  volume  normal  concentration,  can  be  calcu- 
lated; and  such  values,  though  not  exactly  proportional  to  the  values  of 
the  expression  used  above,  will  enable  one  to  form  some  idea  of  its  con- 
stancy. I  have  made  this  calculation  for  a  number  of  salts  at  different 
temperatures,  and  find  the  numbers  so  obtained  to  be  approximately 
constant  for  the  same  salt  and  to  be  smaller  for  salts  like  CsNOs  and 
N(CsH6)4l,  which  are  not  solvated,  than  for  salts  like  Nal  and  LiNOs, 
which  probably  do  combine  more  or  less  with  the  molecules  of  the  solvent. 
At  different  temperatures  the  values  are  usually  a  little  less  at  35^  than 
at  15°,  but  this  is  not  always  the  case.  In  these  formamid  solutions 
the  viscosity  was  determined  only  at  three  concentrations  (sometimes 
only  two),  hence  the  data  are  rather  insufficient  for  any  broad  generaliza- 
tion. Furthermore,  all  of  the  solutes  employed  were  electrol3rtes.  Simpler 
relations  might  be  found  to  hold  if  non-electrolytes  were  used.  Additional 
information  regarding  the  points  discussed  in  this  paper  could  probably 
be  obtained  by  measuring  the  viscosity  of  solutions  in  a  non-associated 
solvent.  The  author  expects  to  take  up  such  an  investigation  at  an  early 
date. 

Summary. 

(i)  The  viscosity  of  very  pure  samples  of  methyl  and  ethyl  alcohols 
has  been  determined,  and  also  that  of  mixtures  of  these  substances  with 
small  proportions  of  water. 

(2)  The  viscosity  of  solutions  of  a  number  of  typical  solutes  in  these 

alcohols  has  been  meastu-ed,  and  the  value  of  the  expression  n'  —  v/nc 

»  Am.  Chem.  J.,  37,  405  (1907). 

*  Jones  and  associates,  P«d.  Camepe  Inst.,  a30»  p.  x6. 
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has  been  compared  with  that  oi  p  —  p'/pc,  obtained  from  former  vapor- 
pressure  determinations. 

(3)  This  "viscosity  constant"  increases  with  the  solvation  of  the  solute, 
and  for  the  solutions  here  investigated  seems  to  be  almost  independent 
of  changes  of  temperature. 

(4)  So-called  "negative  viscosity"  is  discussed  in  the  light  of  the  re- 
sults here  obtained  and  also  in  the  light  of  those  obtained  by  Jones  and 
associates  with  solutions  in  formamid  and  in  other  solvents. 

Clavbuuiid,  Ohio. 


[CoNTRIBTmON  9R0M  TBS,  ChKMICAL  LABORATORIBS  OF  COLUMBIA  UNIVSRSnT,  Ko.  36l . ] 

THE  PROPERTIES  OF  MIXED  LIQUIDS.    H.    PHENOL-WATER 
AND  TRIETHYLAMINE-WATER  MIXTURES. 

By  J.  LivuiosTON  R.  Morgan  and  Gustav  Bolofv. 
Received  February  3,  1916. 

The  object  of  this  paper  is  to  report  the  results  of  the  study  of  two 
typical,  so-called,  "mutually  soluble"  liquid  mixtures  in  a  large  number 
of  concentrations,  and  at  temperatures  Ijring  both  above  and  below  the 
critical  solution  point,  not  only  from  the  point  of  view  of  surface  tension, 
but  also  of  some  other  physical  properties. 

The  tip  used  to  determine  the  surface  tension,  by  aid  of  the  drop- 
weight  method,  was  standardized^  by  the  use  of  both  benzene  and  water, 
with  the  following  result,  each  drop-weight  value  being  the  mean  of  at 
least  three  results  agreeing  to  within  a  few  hundredths  of  one  per  cent.: 

Tablb  I.— Stahdardikation  of  Tip. 

Wt.  1  drop.        Surface  tcoiion 
Liquid.  I.  (Mg.).    «.  (dynes),    r-       Omttaat  (•  y/v)> 

Benzene 30*  28.352  26.625  o«9S9i 

Water 30*  75«68o  71-033  0.9386 


Average 0.9389 

« 

To  find  the  surface  tension  of  any  liquid  in  dynes  per  centimeter, 
from  the  drop  weight  in  milligrams,  at  the  same  temperature,  from  this 
tip,,  we  have,  then, 

7w  =  0.9389  X  wi^. 
And  since  the  specific  cohesion  (a')  is  related  to  surface  tension,  through 
the  density,   by  the  equation  a}  »  271/9.80  d|,  we  have,  substituting 
for  7,  its  value  in  terms  of  a;, 

a\t  =  2  X  0.9389  X  wij/g.So  di^t  =  0.1916  X  Wijdi^, 
so  that  from  the  drop  weight  and  the  density  we  can  also  calculate  the 
value  of  tiie  specific  cohesion  for  any  liquid,  at  any  temperature. 

»  See  Morgan,  This  Journal,  37>  1462  (19x5)* 
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Prom  the  value  of  the  constant,  0.9389,  the  mean  diameter  of  this  tip 
is  calculated^  to  be  approximately  5^35  mm. 

The  sample  of  phenol  used  as  a  basis  for  this  work  was  prepared  es- 
pecially for  us^  and  was  of  a  high  order  of  purity.  So  much  difficulty 
had  been  experienced  in  the  past,  however,  in  obtaining  this  substance 
in  the  pure  state,  considering  the  melting  point  as  a  criterion,  that  this 
original  sample  was  first  redistilled  three  times  in  vacuo,  before  the  final 
recrystallization  was  made. 

The  melting  point  of  the  product  so  obtained  was  determined,  with 
both  a  rising  as  well  as  a  falling  column,  by  aid  of  a  certified  thermometer; 
the  solid  and  liquid  phases,  when  stirred  continuously,  remaining  in 
equilibrium  for  more  than  three  hours  at  a  constant  temperature  of  39.70^  ^ 
0.02.  This  valtse  agrees  very  satisfactorily  with  the  mean  of  the  de- 
terminations of  Ladenberg,*  39.5  ** ;  Guye  and  Tsakalatos,^  39.5  ® ;  Eykman,* 
39.6**;  Patemo  and  Ampola,*  39.6 **;  Riesenfeld,'^  39-8®;  and  Block,*  39.9®. 
As  variations  from  this  value  by  as  much  as  from  7-13%  are  found  by 
other  observers,*  this  property  should  be  an  excellent  test  of  purity,  for 
it  is  hardly  possible  that  any  other  could  be  as  sensitive. 

For  use  in  calculating  the  values  of  specific  cohesion  from  those  of 
surface  tension  (or  drop  weight),  careful  determinations  of  the  density 
of  the  pure  phenol  were  made  at  various  temperatures,  employing  an 
Ostwald-Sprengel  pyknometer  with  stoppered  limbs.  The  results  of 
these  measurements  are  given  in  Table  II. 

Tabus  II.^DBNSEnr  09  Puss  Pbsnol. 

i. * ,..         40*  45*  SoV  55*  60**  66* 

d 1.05794      1.05366       1.04936      1.04508       1.04077       1. 03532' 

Application  of  the  method  of  least  squares  to  these  restdts  leads  to 
the  following  linear  relationship  between  density  and  temperattu^: 

di  »   1.09226  —  0.000658  ti  '        ' 
which  between  40  ^  and  60  ®  represents  the  experimental  results  to  practically 
the  fifth  place  of  decimals. 

Just  as  with  the  melibing  point,  the  densities  of  phenol,  as  determined 
by  other  investigators,  vary  widely  among  themselves,  but  naturally 
to  no  such  extent  as  in  the  former  case.    The  above  results  agrte  most 

^  See  Morgan,  Loc,  cU. 

*  Prei>ared  by  the  Hoffnuui  and  Kropff  Chemical  Company. 

*  Ber,,  43,  20a  (19 lo). 

'  /.  chim,  phys.,  8,  340  (19 10). 

*  Z.  physik,  Chem.,  4,  502  (1889). 

*  GoMz.  chim,,  2%  48 1  (1897). 

'  Z.  physik.  Chem,,  41, 1350  (1902). 

*  Ibid,,  78,  397  (191 2). 

*  34-35**  to  424^ 
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closely  with  those  of  Worley,  Thole,  Hewitt  and  Winmill,  Bolle  and 
Ouye,  and  Ramsay  and  Aston,  which  were  taken  from  Kopp,'  the  difference 
in  few  cases  being  larger  than  0.1%,  which  is  to  be  considered  as  negligible 
in  the  calculation  of  specific  cohesion  from  the  surface  tension. 

The  values  of  surface  tension,  specific  cohesion,  and  the  density  used 
to  obtain  the  latter  from  the  former,  as  well  as  the  7  and  a*  values  given 
by  interpolation  formulas,  are  presented  in  Table  III,  at  the  various 
temperatures  studied.  Bach -result  here  is  from  an  average  of  at  least 
three  measurements  of  drop  weight,  no  one  deviating  from  another  by 
more  than  a  few  hundredths  of  one  per  cent. 

Tablb  in. 


1. 

7(-0.93S9v|). 

y  (ciJc.). 

d. 

d^  (from  71  Mid  ^. 

•»(cmlc.). 

23 

39.22 

39.28 

1.0725 

7.46 

7.48 

30 

38.56 

38.34 

1.0663 

7.38 

7.38 

32 

38.35 

38.33 

1.0638 

7.34 

7.35 

34 

38.13 

38.12 

I. 0631 

7.32 

7.32 

36 

37.92 

37.91 

1.06x4 

7.29 

7.29 

38 

37.68 

37.70 

1.0397 

7,26 

7.26 

41 

37.43 

37.38 

1.0371 

7.23 

7.22 

45 

36.99 

36.96 

I .0337 

7.16 

7.16 

49 

36.57 

36.54 

1.0303 

7.11 

7.10 

55 

35.90 

35.91 

1.0431 

7.01 

7.01 

60 

35. 41 

35.38 

X.0408 

6.94 

6.94 

63 

35.12 

35.17 

1.0391 

6.90 

6.9X 

63 

34.76  , 

34.75 

1.0353 

6.83 

6.83 

Columns  2  and  3,  and  5  and  6,  agreeing  as  dosdy  as  they  do»^  prove 
the  interpolation  formulas  derived  to  represent  the  experimental  results 
with  considerable  accuracy.    These  equations  are 

7.-4i.70i-o.io53jK^^      Oto63«. 
Ot  «    7.810  —  o.oi45tJ  ^^  •^ 

A  comparison  of  the  values  of  y  and  a'  interpolated  or  extrapolated 
from  these  equations,  with  those  found  directly  by  other  observers,  by 
the  capillary  rise  method,  at  their  temperatures,  is  made  in  Table  IV. 

These  r^ults  are  also  presented  in  graphical  form,  as  respects  y, 
in  Fig.  I,  which  also  indudes  the  results  of  BoUe  and  Guye,*  uniformly 
higher  than  all  others  by  the  same  method  (capillary  rise);  and  those  of 
Feustd,'  by  the  air  bubbling  method,  very  considerably  higher  than  the 
others,  but  of  about  the  same  temperature  coeffident. 

With  respect  to  the  Peustd  restdts,  it  may  be  said  that  they  are  uni- 
formly high  for  all  other  liquids,  when  compared  to  those  obtained  by 
capillary  rise.    Assuming  that  the  method  of  Peustd  is  a  correct  relative 

»  Ann.,  95,  312  (1855). 

«  /.  chitn.  phys.,  3,  38  (1905). 

•  Ann,  Phys.,  16,  61  (1903). 
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one,  and  standardizing  it  with  benzene    as  we  do  in  the  drop-weight 
method,  the  results  for  phenol,  and  also  for  several  other  liquids  which 


have  been   studied   by 
others,  are  found  to  be 
reduced    to    the    same 
order  as  those  of  the 
others.   Even  relatively 
however,  judged  by  the 
results    of   the   stniace 
tension   of  benzene,  it 
can  hardly  be  considered 
as  an  accurate  method 
so  far  as  reproducibility 
of   result  is  concerned, 
for    with    that    liquid 
large  differences  in  value 
(o.i    dyne)    appear    at  ^^ 
temperatures  only  o.i**  j!!^  - 
apart,  the  higher  tem 
perature  in  fact  leading      20 
to    the    higher    result        OU 


Surface  Tension  <^  Phenol 


S 


—  eHtwftf  AWmmill 


f*t 


N 


"K 


{viz.,  at 

20-8 

®  and  20.9®         2 

2''24^^^6 

2a    30    32 

34    3e    38 

40   4Z 

and  at  57.1®  and  57.2®, 

Surface  Tension 

at  which  the  7  values 

Fig.  I. 

as  he  gives  them  are,  respectii 

/ely,  30.21, 

30.31,  25.02  and  25.11 

dynes). 

Tabl9  IV.— 

A  C011PAXI8ON  OF  Results. 

Surface  tension,  1 

r. 

1. 

R.a:A.»     H.ftW.t        W.» 

M.a:B.(ciae.) 

.    &.ftA.     H.ftW.      W.     M.ftB.(cale.) 

46.0 

36.81      

36.86 

7.15 

7.14 

49.0 

. 

36.34 

36.54 

. 

7.09 

7.10 

53.3 

. 

36.17 

36.09 

7 

07 

7.04 

66.0 

. 

34.73 

34.75 

. 

6.81 

6.85 

78.0 

33 

32        

33.49* 

6 

71 

. 

6.69* 

81.0 

33.16 

33.17* 

. 

6.59 

6.64* 

83.0 

. 

32.95 

32.96* 

6 

60 

6.6i< 

zoo.o 

31. 10 

31.17* 

6.26 

6.36* 

131. 7 

27 

90        

27.83* 

5 

88 

. 

5.90* 

Z84.0 

22 

39         

22.33* 

4 

98 

. 

5 

.14* 

It  will  be  seen  from  the  above  that  the  tip  employed  in  this  work,  when 

^  Ramsay  and  Aston,  /.  Chem,  Soc.,  65,  168  (1894). 

'  Hewitt  and  Winmill,  Ibid,,  91,  446  (1907). 

»  Worley,  Ibid.,  105,  267  (1914). 

*  Extrapolated  above  last  temperature,  63  ^  The  extrapolation  in  the  case  of  a'  is 
really  a  double  one,  i.  e,,  of  7,  and  also  of  d,  which  could  account  for  the  greater  dis- 
crepancy in  some  values  of  a*  than  of  y,  where  but  the  one  factor  is  extrapolated. 


Digitized  by 


Google 


848  J.  I.IVINGSTON  R.   MORGAN  AND  OUSTAV  SGLOFP. 

standardized  by  aid  of  the  universally  accepted  ralue  of  the  surface  tension 
of  water;  also  gives  results  for  the  surface  tension  of  phenol  which  are  in 
very  excellent  agreement  with  those  of  other  observers;  the  values. of 
Bolle  and  Guye  being  excluded  here,  since  they  are  not  in  accord  with  the 
three  other  observers  using  the  same  method. 

This  procedure^  which  is  practically  an  identical  standardization  of 
the  tip  from  accepted  values  of  the  surface  tension  of  the  liquids  forming 
the  two  extremes,  and  differing  widely,  enables  us  to  lay  very  great  stress 
upon  the  results  obtained  for  mixtures  of  the  two  liquids,  which  in  all 
cases  lie  between  these  extremes  in  value. 

Surface  Tension  and  Specific  Cohesion  of  Water  Mixtures. 

The  mixtures  studied  below  were  made  up  in  the  following  manner, 
the  water  being  a  specially  purified  sample  which  was  also  employed  in 
standardizing  the  tip:  To  a  weighed  amount  of  the  one  constituent  in  a 
"non-sol"  vessel,  a  sufficient  amount  of  the  other  was  added  to  give  the 
approximate  concentration  desired,  the  actual  weight  being  found  by 
weighing  the  stoppered  vessel.  The  drop  weights  in  each  case  were  then 
determined  as  soon  as  possible,  the  vessels  being  kept  in  darkness  to  avoid 
pk)ssible  decompositicm.  Precautions  were  also  taken  in  transferring 
the  solutions  to  the  supply  vessel  of  the  apparatus,  to  minimize  possible 
loss  by  evaporation,  and  absorption  of  moisture  or  other  impurities  from 
the  air,  the  Uquid  being  cooled  to  a  low  temperature  just  before  the  transfer.* 
As  the  whole  operation  required  less  than  a  minute,  any  change  in  concen- 
tration taking  place  was  negUgible. 

The  values  of  7  and  a*  found  at  the  various  concentrations  and  tempera- 
tures studied,  together  with  the  density  values^  employed  to  calculate 
the  one  from  the  other  are  given  in  Table  V. 

Tablb  V. — Surface  Tbnsion  and  Specific  Cohesion  of  Phenol-Water 

MnrruRBs. 
%  —  grams  phenol  per  100  g.  of  mixture. 


% 

—  0. 

% 

-  0.534. 

% 

-  0.770. 

(. 

7 

'. 

1 

'. 

d. 

0*. 

7 

d. 

d^ 

1. 

o« 

75 

87 

15 

49 

68 

.23 

64.77 

. 

20 

72. 

69 

14, 

.87 

66 

13 

I. 0010 

13.50 

63 

.23 

X.OOIO 

12 

.90 

30 

71 

03 

1457 

65 

19 

0.9974 

13.32 

62 

.51 

0.9986 

12 

.75 

35 

70. 

19 

14.42 

64.77 

0.9965 

13 

.27 

62 

.14 

0.9976 

12 

.68 

40 

69. 

33 

H 

.28 

64 

30 

0.9955 

13 

.20 

61 

.83 

0.9968 

12 

.65 

45 

68. 

47 

14 

13 

63 

.79 

0.9934 

13 

.13 

61 

40 

0.9936 

12 

.60 

50 

67. 

59 

13.98 

63 

27 

0.9897 

13 

.06 

60 

•99 

0.9905 

12 

.57 

55 

66. 

69 

13 

.83 

62 

.80 

0.9862 

12 

.98 

60 

.64 

0.9882 

12 

.52 

60 

65 

,80 

13 

.67 

62 

30 

0.9827 

12 

.92 

60 

.27 

0.9862 

12 

.48 

65 

64. 

.88 

13 

.52 

61 

.82 

0.9792 

12 

.85 

59.89 

0.9841 

12 

.43 

^  These  densities  are  found  from  interpolation  formulas  derived  from  the  results 
of  Worley  (/.  c)  for  concentrations  from  0.5  to  6.25%,  and  from  Priedlander  (Z.  physik. 
Chem.,  38,  385  (1901)),  for  those  from  9.54  to  100%. 
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Tabl«  V  {ConUnueSj. 

%  -  0.970. 

%  -  1.47. 

% 

)  -  3.48. 

1. 

7. 

^ 

a*. 

y- 

4, 

«». 

r 

d. 

i^. 

©• 

62.31 

.... 

.... 

.... 

20 

61.02 

1. 0010 

12.46 

.... 

.... 

30 

60.27 

0.9975 

12.36 

56.23 

x.oooo 

11.49 

46.11 

1. 0000 

9.40 

35 

60.08 

0.9970 

12.28 

56.08 

0,9984 

11.46 

46.00 

0.9986 

9-33 

40 

59.74 

0.9965 

12.23 

55.89 

0.9974 

11.43 

45.91 

0.9970 

9.36 

45 

59.44 

0.9938 

12.20 

55.68 

0.9954 

11.40 

45.85 

0.9952 

9.34 

30 

59.15 

0.9911 

12.16 

55.44 

0.9936 

iZ.38 

45.76 

0.9940 

9.32 

55 

58.80 

0.9904 

12.12 

53.25 

0.9918 

"35 

43.65 

0.9923 

9.30 

60 

58.47 

0.9897 

12.05 

55.03 

0.9901 

11.32 

45.57 

0.9907 

9.2S 

65 

58.16 

0.9890 

11.98 

54.78 

0.9884 

xr.30    , 

45.48 

0.9890 

9.26 

%  -4.53 

. 

%  -  8.74. 

% 

,  -  68.6. 

25 
30 

43.14 

I. 0012 

8.78 

\\\ 

.  ^  .  . 

35 

43.07 

1.0006 

8.76 

37.22 

1.0016 

7*63 

40 

42.95 

I. 0000 

8.75 

37.09 

0.9994 

7.57 

45 

42.82 

0.9978 

8.73 

36.89 

0.9975 

7.53 

50 

42.67 

0.9955 

8.70 

36.72 

0.9956 

7.50 

« . . 

55 

42.54 

0.9937 

8.68 

36.53 

0.9940 

7.47. 

60 

42.36 

0.9920 

8.66 

36,35 

0.9925 

7.43 

35.25 

65 

42.28 

0.9903 

8.64 

36. ZI 

0.9910 

7.39 

34.96 

%  -  6545. 

%  *  70.40 

. 

% 

-  7400 

30 

.... 

38.09 

1.0445 

7.44 

38.22 

1.0469 

7.42 

35 

.... 

. 

37.72 

1.0407 

7.40 

37.83 

1.0447 

7.40 

40 

.... 

. 

. 

37.33 

1*0369 

7.32 

57.41 

r.04J2 

7.35 

45 

.... 

. 

.  . 

36.96 

l.033« 

7.25 

36.99 

1 .0377 

7.28 

50 

36.23 

1.0244 

7 

23 

36.53 

1.0294 

7.22 

36.59 

1.0343 

7.22 

55 

35.93 

z .0203 

7 

17 

36.15 

1.0253 

7.20 

36.19 

z  .0301 

7. 17 

60 

35.35 

1 .0162 

7 

13 

35.74 

I.Q»I2 

7.15 

35.77 

1.0260 

7.13 

65 

35.33 

I. 0122 

7.10 

35.36 

i.o;u7i 

7.08 

35.38 

1.021^ 

7.09 

%  «  76.60. 

%- 

100  pure  phenol. 

L 

% 

d. 

«*. 

f. 

T(calc). 

a»(c«lc). 

30 

38.29 

1.0482 

7.45 

o*^ 

41.70 

7.81 

35 

37.89 

1.0452 

7.40 

20 

39.59 

7.62 

40 

37.50 

1.0423 

7.34 

30 

38.54 

7.38 

45 

37.08 

I. 0391 

7.28 

35 

38.02 

7.29 

50 

39.65 

I .0360 

7.22 

40 

37.49 

7.23 

55 

36.24 

1.0322 

7-15 

45 

36.96 

7.16 

60 

35.83 

1.0285 

7.13 

50 

36.44 

7.08 

65 

35.44 

1 .0205 

7.08 

55 
60 

35.91 
35.38 

7.01 
6.94 

65 

34.86 

6.87 

The  few  results  for  the  surface  tension  of  weak  water  solutions  of  phenol 
given  by  Worley,  seem  to  accord  very  satisfactorily  with  those  inter- 
polated, from  our  results  given  above,  to  his  concentrations  and  tempera- 
tures. Naturally,  the  deviations  here  are  much  more  considerable  than 
in  the  case  of  piu-e  phenol,  as  in  fact  we  should  expect,  when  the  enormous 
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percentage  change  in  the  value  of  y,  due  to  a  very  small  change  in  the 
concentration  in  solutions  of  just  this  order  of  concentration,  is  considered. 

The  Surface  Tension  of  Triethylamine-Water  Mixtures. 

The  sample  of  triethylamine  employed  here  was  originally  of  a  very 
high  order  of  piuity,  and  just  before  being  used  was  distilled  over  com* 
pletely  at  a  fixed  temperature  tn  vacuo. 

Unfortunately,  it  has  not  been  possible  to  calculate  the  values  of  specific 
cohesion  (a')  either  for  the  pure  liquid,  or  for  its  water  solutions,  for  the 
densities  were  not  determined  at  the  time,  and  none  can  now  be  found 
in  the  Uterature. 

The  advantage  of  this  liquid,  when  mixed  with  water,  over  phenol^ 
is  that  it  enabled  us  to  extend  the  investigation  to  a  point  a  number  of 
degrees  removed  from  the  critical  solution  temperature,  on  the  completely 
miscible  side,  which  could  not  be  done  in  the  case  of  phenol.  For,  in  the 
triethylamine  case,  the  area  of  complete  misdbility  lies  below  a  certain 
maximum  temperature,  while  with  phenol  it  lies  above  a  oertain  minimum 
temperature.  On  the  other  hand,  it  was  possible  with  phenol  to  attain 
a  point  considerably  removed  from  the  point  of  existence  of  two  layers, 
and  on  the  miscible  side,  so  that  a  fairfy  complete  general  survey  of  all 
possible  conditions  is  obtained  from  a  consideration  of  the  two  systems. 

The  results  for  the  surface  tension  of  triethylamine-water  mixtures 
are  given  in  Table  VI. 

TaBMI  VI.— TbB  SuSVACS  TBNnCXN  of  TRmTHYUklOMS-WATSa  MiXTUKlS. 

%  ■■  gnrng  triethjrlamine  to  xoo  grams  of  mixture. 


L 

% 

-0.          %- 
y-               r 

0.50.         %  «  1.00. 

y- 

%  -  2.10. 
y- 

%  -  2.44. 

y- 

%-4,79. 

O* 

73 

.87           3« 

9t               52.49 

46.07 

• . . 

39.61 

i9.a 

72 

.«a           53. as           47.4a 

40.25 

3«.7l 

31.78 

30.0 

71.03            51 

.47        45.01 

37.39 

33.96 

27.18 

1. 

%  -  laoo. 
y- 

%  -  S0.50. 
7. 

%  «  75.38. 

y- 

%  -  M.86. 
7. 

%-ioo. 
y- 

o* 

31 .33 

^5   2$ 

23.94 

22.64 

22.31 

19.2 

24.40 

21.73 

21.50 

20.67 

20.53 

30.0 

19.56 

Discussion  of  Results. 

Up  to  the  present,  liquids  which  mutually  dissolve  to  a  limited  extent 
at  some  one  temperature,  and  which  in  some  cases  ultimately  mix  in  all 
proportions,  have  been  generally  distinguished,  using  a  physical  property 
as  a  criterion,  only  by  the  fact  that  the  vapor  pressures  exhibited  by  the 
two  constituent  layers  are  identical.^  But  when  we  consider  either  layer 
alone,  after  its  removal  from  the  system,  or  the  system  itself  after  the 
point  of  complete  misdbility  has  been  passed,  even  the  vapor  pressure 
does  not  enable  us  to  distinguish  it  from  any  other  type  of  liquid  mixture. 
>  Konowalow,  Wied,  Ann,,  14,  219  (1881). 
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By  that  ariterion,  then,  it  has  passed  from  the  one  type  of  mixture  to 
another,  just  as  it  has  visually. 

The  consideration  of  the  property-composition  curves  obtained  from 
the  above  results  (see  Pigs.  2  and  3),  for  such  t3rpical  systems  of  this 
dass  as  phenol  and  water,  or  triethylamine  and  water,  ^  however,  shows 


I  I  I  I  I  I  I 


19% 


MX        49% 


•XPImAIOK 

Pig.  a. — Stirfaoe  tenakm-composition. 


799k 


19% 


19% 


Phenc^-'vrater. 


mnmmlSjr    aix      ids     mk     sm     40x 
f^TWdH^im   tax      mx     40X     5ox     60X 


^9%        99% 
TDK        99% 


W%        9% 


Pig.  3. — Surface  tension-composition.    Triethylamine-^water. 

^  A  curve  nmilar  to  the  7-curve8  above  has  already  been  given  by  Antonow  (/• 
ckim,  phys.,  5,  371  (1907))  for  isobutyric  add-water  mizturesi  on  tbe  basis  of  a  few 
capilhuy  rise  results  in  tbe  more  concentrated  solutions.  The  rapid  fall  in  the  surface 
tension  of  water,  due  to  the  addition  of  certain  other  substances,  has  also  already  been 
noted  by  Whatmough  (Z.  physik,  Chem,,  39, 129  (1901),  Drucker  (7&f({.,  5a,  649  (1905)), 
Morgan  and  Neidle  (This  Journal,  35i  i860  (i9i3))>  Worley  {Loc,  cit,)  and  others; 
but  no  complete  or  general  study  of  such  systems  has  ever  been  attempted  up  to  the 
present. 

The  a'-composition  curve  is  so  similar  to  that  for  7  that  it  Is  not  necessary  to  re- 
produce it  here. 
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that  it  is  possible,  with  both  surface  tension  and  spedfic  cohesion  as  the 
physical  property  selected,  to  go  much  farther  in  the  characterization 
of  such  systems,  not  only  when  in  two  layers,  but  also  for  the  one  segre- 
gated layer,  and  even  for  the  entire,  homogeneous,  system  up  to  (or  down 
to)  a  point  considerably  removed  from  the  temperatures  of  complete 
misdbility. 

Prom  these  property-composition  curves,  which  certainly  differ  widely 
in  form  from  those  obtained  for  either  7  or  a*  for  any  other  type  of  liquid 
mixture,  or  from  any  other  property-composition  curve,  it  is  to  be  noted^ 
first,  and  this  is  apparently  characteristic  for  all  such  systems,  that  the 
liquid  of  larger  surface  tension  has  its  value  enormously  decreased  by 
even  small  additions  of  the  other  liquid.  The  liquid  of  the  smaller  surface 
tension,  on  the  contrary,  is  either  infinitesimally  changed,  as  far  as  its 
property- value  is  concerned,  by  a  small  addition  of  the  other  liquid,  and 
then  exhibits  a  constant  property-value,  independent  of  tjlie  change  uk 
concentration,  even  though  this  be  large  (phenol);  or,  there  is  a  steady, 
though  very  small,  change  in  the  property-value  with  changing  concen- 
tration (triethylamine).  In  all  cases,  however,  the  depression  of  the 
property  *value  of  the  liquid  with  the  larger  surf  ace.  tension,  due  to  the 
addition  of  the  other  liquid,  is  sudi  that  when  the  saturation  point  of 
the  aqueous  layer  is  readied,  the  {uroperty-value  has  been  depressed  to  a 
value  but  sUghtly  removed  from  the  surface  tension  of  the  other,  pure,, 
liquid.  ; 

The  steepness  of  the  curve  showing  the  effect,  on  the  surface  tension  of 
water,  of  the  addition  of  the  liquid  possessing  the  smaller  value,  will  be 
seen  from  the  above  to  depend  mainly  upon  the  magnitude  of  the  amount 
of  the  seccmd  liquid  possible  in  the  aqueous  layer,  and  the  y  values  of 
water  and  the;  other  constituent  at  that  temperature.  Granting,  for 
example,  that  two  liquids,  each  forming  a  two-layer  system  with  water,, 
have  identical  surface  tensions,  the  one  being  soluble  to  1%  and  the  other 
to  10%  in  the  aqueous  layer,  it  is  evident  that  the  general  trend  of  the 
7-composition  curve  las  the  addition  of  the  first  liquid  to  water  will  be 
steeper  than  that  for  the  second  to  water,  for  in  both  cases  the  stuf ace 
tension  of  water  will  have  to  be  depressed  to  practically  the  same  value,, 
within  a  few  per  cent,  at  most;  the  one  through  a  distance  on  the  axis 
of  abscissas  equal  to  i,  the  other  distributed  through  an  interval  of  10. 
If  the  effect  of  concentration  upon  the  surface  tension  were  uniform, 
it  would  be  possible  thus  to  predict,  with  some  degree  of  accuracy,  the 
actual  curve  that  would  be  found;  and  even  as  it  is,  this  would  be  possible 
on  the  small  scale  of  the  curves.  The  ntunerical  results,  however,  show 
this  to  depend,  perhaps,  somewhat  upon  the  natiue  of  the  liquid — at 
least  we  can  go  no  farther,  at  present. 

With  phenol-water  mixtures,  it  was  not  possible  to  work  at  a  tempera- 
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ture  above  the  critical  solution  point.  For  triethylamine-water  mixturesi 
however,  sets  of  results  are  given  at  o^  about  18.5°  on  themisdble  side, 
and  at  30^  about  1 1.5  on  the  immiscible  side  of  the  critical  solution  point. 
The  farther  a  systan  is  removed  from  its  critical  point  on  the  immiscible 
side,  the  mwe  the  above  properties  -axe  accentuated  in  every  respect. 
The  more  it  is  removed  from  that  point,  on  the  misdble  side,  the  smaller 
is  the  effect  of  the  second  liquid  pn  the  water,  and  the  greater  the  effect 
of  the  water  upon  it — ^in  other  words,  the  more  the  system  approaches 
what  is  probably  the  most  common  type  of  property-composition  curve 
for  the  surface  tension  of  liquid  mixtures. 

The  results  show  apparently  that  phenol  reacts  differently  when  water 
is  added  to  it  in  small  quantities  at  60^  and  65^  from  the  way  it  does  at 
30^  and  45^;  for  in  the  latter  case  the  pure  phenol  has  a  slightly  higher 
value,  and  in  the  former  a  slightly  lower  value,  than  the  system  pro- 
duced; the  values  of  7  for  the  phenol  solutions  of  water  being  equally 
independent,  however,  of  changes  in  concentration  through  the  range 
investigated. 

When  the  above,  evident,  properticis  of  such  Uquid  systen^,  from  the 
point  of  view  of  surface  tension  or  specific  cohesion,  are  con^dered  in 
connection  with  the  curves  showing  the  variation  in  the  deviation  of  the 
observed  residts  of  7  or  a*  (f rwn  those  calculated  from  the  law  of  mixtures)  ^ 
with  the  percentage  composition,  a  plausible  explanation  of  the  generally 
observed  fact  of  a  large  change  in  the  surface  tension,  due  to  a  small 
addition  of  a  substance  to  water  is  offered.  Denison'  has  shown  in  this 
connection  and  from  theoretical  reasoning  that^  when  a  compound  is 
formed  by  the  chemical  interaction  of  the  constituents  of  a  mixture, 
the  maximtun  deviation  of  a  physical  property  of  that  system  from  the 
value  calculated  from  the  law  of  mixtures,  must  appear  at  that  composition 
of  the  liquid  S3rstem  which  corresponds  to  the  composition  of  the  sub- 
stance found. 

In  Pigs.  4,  5,  6,  7,  and  8  are  presented  deviation  curves  for  7  and  a* 
from  the  above  results,  as  well  as  those  for  density  and  viscosity  for  phenol- 
water  mixtures,'  and  that  for  7  from  our  results  for  triethylamine  and 
water.  It  is  plain  that  the  maximum  deviation,  as  far  as  the  7  and  a* 
values  are  concerned,  Ues  at  a  composition  equal  to  8.74  g.  of  phenol  in 
100  g.  of  the  mixture,  and  that  the  corresponding  point  for  triethylamine 
and  water  lies  at  a  10%  concentration.  The  density  and  viscosity  devia- 
tion curves  at  least  enable  us  to  fix  a  maximum  for  phenol-water  mixtures 

^  See  Morgan,  This  Journal,  38,  555-*568  (1916). 

«  Trans,  Faraday  Soc.,  8,  20  and  35  (19x2). 

•  These  values  for  viscosity  were  obtained  from  the  work  of  Friedlander  (Z.  physik, 
Chem.,  68, 32  (1909),  and  Scarpa  {Citn.,  6,  277  (1904)),  the  values  for  density  being  from 
the  same  source  as  those  above. 
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somewhere  between  5  and  10%,  but  the  data  are  not  suflSident  in  this 
region  to  settle  the  point  more  definitely.  These  values,  however,  can 
be  cxmsideredy  as  far  as  they  go,  as  nothing  if  not  confirmatory  of  the  sur- 
face tension  and  specific  cohesion  maxima.  Taking  the  maximum  devia- 
tion for  phenol-water  systems  at  8.74%,  and  that  for  triethylamine- 

Fig.4(65*).  Fig.5(65*). 
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Fig.  7  (70"). 


water  mixtures  as  io%,  the  temperature  not  altering  at  all  the  concentra- 
tion at  which  the  maximum  is  exhibited,  we  find  the  compounds  formed 
in  the  two  cases  are,  respectively:  C«H60H.55H20  and  (C2H5)«N.5oHjO. 
Granting  the  correctness  then,  of  Denison's  method,  and  the  conse- 
quent truth  of  the  existence  in  such  systems  of  chemical  compounds,  we 
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Surface  Tensjon 


see  that  the  first  addition  to  water  of  any  liquid,  which  is  mutually  soluble 
in  it,  would  result  in  the  formation  of  the  compound,  and  the  lowering 
of  the  surface  tension.  Further  additions,  wotdd  then  increase  the  amount 
of  the  compound  present,  with  the  consequent  increase  in  the  depressicm 
of  the  surface  tension  of  the  water  layer,  or  what  will  ultimately  be  that, 
until  when  it  is  formed  to  the  maximum  extent,  and  all  the  water  is  so 
combined,  the  surface 
tension  of  the  water  is 
reduced  to  nearly  that 
value  for  the  other 
liquid  itself.  Prom 
the  property-composi- 
tion curves  it  is  clear 
that  the  influence  of 
this  compound  upon 
the  surface  tension  of 
the  other  liquid,  when 
dissolved  in  it,  can  be 
but  small  in  any  case. 
We  have  made  no 
attempt  in  this  work 
to  study  the  surface 
tensions  of  the  two 
constituent,  mutually 
saturated,  layers  of 
such  systems  when  in  § 
equilibrium,  feeling  "^ 
that  a  general  sim^ey  g 
of  the  same  concentra- 
tions at  various  tem- 
peratures more  im- 
portant as  a  first  step 
than  the  employment 
of  a  different  concen- 
tration for  each  tem- 
perature.^   From  our 
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results,  and  the  above  reasoning,  however,  it  would  seem  that  the  water 
layer  consists  simply  of  the  compotmd  formed,  while  the  other  layer  is 
probably  a  solution  of  this  compound  in  the  second  liquid,  affecting  its 
surface  tension  in  the  way  shown  in  the  curves — the  critical  solution  point 

^  The  question  as  to  the  surface  tensions  values  of  two  co-existing  layers,  mutually 
saturated,  at  many  temperatures,  for  a  ntunber  of  such  systems  is  now  being  inves- 
tigated in  this  laboratory  and  will  be  reported  upon  in  the  near  future. 
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being  the  temperature  at  which  the  compotind  is  soluble  in  the  other 
liquid  in  all  proportions. 

Density  and  viscosity  both  show  by  their  deviaticMis  the  existence  of 
other  compounds  of  phenol  and  water,  which  do  not  appear  to  be  possible 
of  indication  by  either  surface  tension  or  specific  cohesion.  These  are 
at  36%  for  viscosity  (a  faint  maximum),  and  at  65%  by  density,  which 
would  correspond  to  the  formtdas  CeHsOH.pHfO  and  C6H6OH.3HSO, 
but  the  deviations  in  general  are  so  small  and  the  data  so  distributed, 
and  so  meager  at  the  necessary  concentrations,  that,  it  is  thought,  little 
emphasis  can  be  laid  upon  the  results  obtained. 

The  very  exaggerated  effect  of  a  smaU  amount  of  substance  on  the 
surface  tension  of  water  has  usually  been  attributed  to  the  effect  of  ad- 
sorption, which  wotdd  cause  the  surface  of  the  liquid  to  become  more 
concentrated  with  respect  to  the  other  substance  than  the  interior.  The 
above  reasons  for  this  action,  viz.,  that  at  complete  saturation  the  water 
layer  must  show  a  value  of  surface  tension  but  Uttle  removed  from  that 
of  the  pure  second  liquid  itself,  which  is  dissolving;  together  with  the  fact 
that  such  curve  t3rpes  handled  by  the  Denison  deviation  method  must 
always  indicate  a  compound  at  the  composition  of  saturation,  while 
perhaps  not  supplanting  the  theory  based  upon  adsorption,  at  least 
would  deserve  a  place  beside  it,  especially  as  it  has  the  advantage  perhaps 
of  enabling  one  from  general  grotmds  to  predict  approximately  what 
will  take  place,  even  before  a  measurement  is  made. 

Summary. 

The  results  of  this  investigation  may  be  very  briefly  siunmarized  as 
follows: 

I.  The  surface  tensions  have  been  found  by  the  drop-weight  method 
for  a  number  of  concentrations  of  the  typical  mutually  soluble  liquids, 
phenol  and  water  and  triethylamine  and  water,  at  temperatures  both 
above  and  below  the  critical  solution  point. 

II.  The  property-composition  curves  for  such  systems  are  typical, 
and  characterized  by  the  fact  that  the  constituent  of  the  lower  surface 
tension  depresses  that  of  the  other  to  such  an  extent  that  the  maximum 
amount  soluble  in  the  water  layer  reduces  the  surface  tension  of  this  to 
a  value  differing  but  slightly  from  that  of  the  other  constituent,  when 
pure.  The  smaller  the  amoimt  necessary  to  saturate  the  water  layer,, 
the  greater  the  effect  will  have  to  be,  i,  e,^  the  steeper  the  curve  must  be 
in  all  cases  when  the  surface  tensions  of  the  second  liquid  are  identical. 
On  the  other  hand,  the  effect  of  the  liquid  of  the  larger  surface  tension 
upon  that  of  the  other  is  exceedingly  slight,  and  may  be  independent  of 
the  concentration,  or  vary  very  slightly  with  it — according  to  the  nature 
of  the  second  liquid,  perhaps. 

III.  Using  the  deviation  of  property-composition  curves  as  a  criterion 
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as  to  the  possibility  of  a  chemical  combination  of  the  constituents  of  the 
mixture,  both  stuiace  tension  and  specific  cohesion  show  a  distinct  maxi- 
mum in  the  case  pf  phenol  at  8.74%  phenol,  indicating  a  compotmd  of 
the  formula  C«HbOH. j5HaO,  while  triethylamine-water  mixtures  lead  to 
a  maximum  at  10%,  or  (C2H5)8N.5oH20.  Both  density  and  viscosity 
for  phenol  and  water,  using  restdts  from  the  Uterature,  confirm  the  above 
value. 

The  water  layer  of  such  systems  must  then  be  considered  as  trans- 
formed completely  into  a  compound,  the  other  layer  being  the  second  pure 
liquid  containing  the  compound  in  solution,  and  having  its  surface  tension 
but  little  affected  thereby.  The  critical  solution  point  can  only  be,  then, 
the  point  at  which  the  compotmd  is  completely  miscible  in  the  second 
liquid.  As  the  coexisting  layers  of  such  systems  in  general  are  now  being 
studied,  the  further  discussion  of  these  points  must  be  postponed. 

IV.  A  theory  is  presented  which  at  any  rate  can  serve  as  an  alter- 
native to  the  usual  adsorption  theory  of  the  exaggerated  effect  upon  the 
surface  tension  of  water  by  the  addition  to  it  of  other  liquids. 

N»w  Yowc  N.  Y. 
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Recently  the  atomic  weight  of  cadmium  has  been  redetermined  by 
Baxter  and  Hartmann^  in  this  laboratory  by  the  electrolytic  analysis  of 
cadmium  chloride.  By  using  a  glass  electrolytic  cell  of  special  design 
it  was  found  possible  to  deposit  the  metal  in  a  merctuy  cathode 
directly  from  the  solution  of  the  salt.  The  results  of  this  work  fully 
substantiate  the  value  for  the  atomic  weight  of  cadmium  previously 
established  in  the  Harvard  laboratory  by  Baxter,  Hines,  and  Frevert* 
through  comparison  of  the  chloride  and  bromide  of  cadmium  with 
silver.  Both  methods  yielded  the  result  112. 417  (Ag  =  107.880). 
The  electrolytic  analysis  of  cadmium  chloride  was  instigated  by 
investigations  by  Perdue  and  Hulett,'  Laird  and  Hulett/  and  Quinn 
and  Hulett,*  who  have  recently  obtained  a  considerably  lower  value, 

•  This  Journai,,  37,  113  (1915);  Z.  anorg.  Chem,,  93,  53. 

•  Ibid.,  27,  222  (1905);  28,  770  (1906);  Ibid,,  44,  158;  49,  415. 
"  J.  Phys.  Chem.,  15,  1579  (19"). 

^  Trans,  Am.  Eleclrochem.  Soc,  22,  385  (1913). 

•  /.  Phys.  Chem.,  17,  780  (1913);  Tras  Journal,  37,  1997  (1915). 


Digitized  by  VjOOQIC 


858  G.  P.  BAXTER,  M.  R.  GROSE  AND  M.  L.  HARTMANN. 

112. 3,  by  the  electrolytic  analysis  of  cadmium  sulfate  and  rarlmium 
chloride  and  cadmium  bromide,  and  by  the  comparison  of  simultaneous 
deposits  of  silver  and  cadmium.  In  order  to  obtain  further  evidence 
on  the  subject,  the  analysis  of  cadmium  bromide  by  an  electrolytic  method 
similar  to  that  employed  by  Baxter  and  Hartmann  has  been  carried  out. 
The  results  of  this  work  confirm  very  closely  aU  the  earlier  work  in  the 
Harvard  Laboratory.  Just  as  the  sum  of  the  percentage  of  chlorine  in 
cadmium  chloride  found  by  Baxter,  Hines,  and  Frevert  and  the  percentage 
of  cadmium  fotmd  by  Baxter  and  Hartmann  is  100.000,  so  tiie  sum  of 
the  percentage  of  bromine  in  cadmium  bromide  found  by  Baxter,  Hines, 
and  Frevert,  58.708,  and  the  percentage  of  cadmium  as  determined  in  the 
present  research,  41 .290,  is  99.998.  It  is  difficult  to  imagine  more  con- 
vincing evidence  of  the  accuracy  of  the  two  methods  of  analysis. 
Purification  of  Reagents. 

Water,  nitric  add,  sulfuric  add,  alcohol  and  mercury  were  purified 
as  described  by  Baxter  and  Hartmann.^  In  a  few  experiments  mercury, 
which  had  been  not  only  three  times  distilled  in  vacuum,  but  also  once 
at  low  pressure  in  a  current  of  air,  was  used.  No  difference  in  the  behavior 
of  the  two  samples  could  be  detected.  Bromine  was  freed  from  impurities 
by  the  processes  used  by  Baxter  and  Grover,*  and  from  the  pure  bromine 
hydrobromic  add  gas  and  its  solution  were  prepared  by  synthesis  with 
pure  dectrolytic  hydrogen  in  the  same  way  and  with  the  identical  appara- 
tus employed  by  Baxter  and  Grover. 

Purification  of  Cadmium  Bromide. 

Since  in  the  earlier  work  Baxter  and  Hartmann  found  that  crystalliza- 
tion of  cadmitun  bromide  is  a  very  rapid  and  convenient  method  of  freeing 
cadmitun  from  metallic  impurities,  this  method  of  purification  was  used 
in  preparing  the  salt  for  the  present  purpose.  Nonmetallic  imptuities, 
such  as  silica  and  organic  matter,  were  diminated  both  by  crystalliza- 
tion and  by  fusion  of  the  salt  in  an  atmosphere  of  nitrogen  charged  with 
hydrobromic  add  gas. 

Sample  A  was  prepared  from  crude  cadmium,  containing  lead  and 
traces  of  copper  and  thaUitun,  by  deansing  the  metal  superfidally  and 
dissolving  it  by  treatment  with  the  purest  bromine  tmder^  dilute  hydro- 
bromic add  solution  in  a  Jena  flask.  The  excess  of  bromine  was  removed 
by  boiling,  and  after  filtration  through  platiniun  sponge,  the  solution 
was  evaporated  in  a  platintun  dish  to  crystallization.  The  salt  was  five 
times  recrystallized.  Since  even  then  the  salt,  upon  fusion,  yidded  a 
small  amotmt  of  black  insoluble  matter  which  has  been  shown  elsewhere* 

*  Loc.  cit. 

*  Tms  Journal,  37,  1029  (19x5). 

'  Baxter  and  Hartmann,  Ibid,,  37,  13 1  (19 15);  Baxter  and  Grover,  Ibid.,  37,  1040 
(1915). 
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to  consist  chiefly  of  carbon  and  silica,  the  whole  was  fused  in  platinum 
boats  contained  in  a  quartz  tube  in  an  atmosphere  charged  with  hydro- 
bxtnnic  acid  gas,  in  the  fashion  described  later.  The  insoluble  matter 
was  removed  by  solution  and  filtration  through  platimun  sponge  and  the 
salt  was  twice  more  crystallized  in  platinum  vessels.  The  product,  when 
fused,  3delded  little,  if  any,  of  the  black  residue. 

In  aU  the  crystallizations  the  salt  was  centrifugally  drained  in  platinum 
Gooch  crucibles,^  and  the  evaporation  of  the  solutions  was  carried  out 
upon  electric  stoves,  in  order  to  avoid  contamination  from  the  products 
of  combustion  of  iDuminating  gas.  Sample  A  was  used  in  Anal3rses  i 
and  3. 

To  prepare  Sample  B  the  metal  was  first  transported  electrically  from 
an  anode  of  commercial  cadmium  through  an  eIectrol3rte  of  very  concen- 
trated cadmium  bromide  solution  to  a  platintun  wire  cathode,  where  it 
was  deposited  in  the  form  of  a  crystalline  mass.  In  this  way  carbon 
and  other  nonmetallic  impurities  were  very  largely  eliminated.  Since, 
however,  it  is  impossible  to  wash  clean  an  electrolytic  deposit  of  the  nature 
of  that  obtained  in  this  process,  the  precaution  was  taken  of  using  for  the 
electrol)rte  cadmimn  bromide  which  was  free  from  chloride.  As  a  mat- 
ter of  fact,  the  electrol)rte  was  prepared  from  the  mother  liquors  of  Sam- 
ple A.  The  mass  of  crystals  was  washed  by  decantation  as  thoroughly 
as  possible  by  prolonged  treatment  with  pure  water,  and  then  was  con- 
verted into  bromide  by  covering  it  with  very  dilute  hydrobromic  add 
solution  in  a  quartz  flask,  and  adding  freshly  distilled  bromine.  The 
resulting  solution  of  bromide  was  then  boiled  for  several  hours  in  contact 
with  a  smaU  amotmt  of  the  purified  metal,  in  order  to  precipitate  as  far 
as  possible  the  more  highly  electropositive  metals.  Next,  the  solution 
was  filtered  through  a  platinum-sponge  crucible,  held  in  a  platinum 
funnel,  into  a  platimmi  dish,  and  was  Evaporated  to  crystallizatioxL 
After  the  product  had  been  once  recrystallized  from  pure  water  in  plat- 
inum, it  was  fused  in  platinum  boats  in  a  quartz  tube  in  an  atmosphere 
of  nitrogen  highly  charged  with  hydrobromic  add  gas.  Since  the  fused 
salt  contained  a  small  amount  of  the  black  insoluble  material,  it  was  now 
dissolved  in  water  and  the  solution  was  again  filtered  through  platinum 
sponge.  Then  the  solution  was  evaporated  to  oystallization,  and  the 
product  was  three  times  more  reaystalUzed  from  the  purest  water,  aU 
in  platinum  vessels  with  the  utmost  care  to  avoid  the  introduction  of  dust. 
The  product  was  perfectly  white,  and  gave  after  fusion  in  an  atmosphere 
containing  hydrobromic  add  only  a  trace  of  the  black  residue. 

In  order  to  find  out  whether  fordgn  metals  had  been  successfully  elim- 
inated, a  portion  of  the  salt  was  dissolved  in  a  minimum  amotmt  of  water 
and  metal  deposited  from  it  upon  a  platinum  cathode  as  completdy  as 
^  Baxter,  Tms  Journal,  30,  286  (1908). 
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possible,  with  the  use  of  a  platintun  anode  also.  The  crystals  were  washed 
very  thoroughly  and  dried  in  a  vacuum  desiccator.  Then  the  metal  was 
fused  in  a  hard  glass  tube  in  a  current  of  hydrogen  gas,  and  while  still 
fused  drawn  up  into  capillary  tubes  of  hard  glass.  In  order  to  prevent 
the  metal  from  sticking  to  the  capillary  tube,  the  inside  of  the  capillary 
was  Ughtly  coated  with  soot  by  drawing  a  Ituninous  flame  into  the  tube. 
If  this  is  done,  the  glass  is  very  easily  cracked  from  the  metal  wire  thus 
formed.  The  spark  spectrum  was  then  produced  from  these  electrodes, 
and  photographed  in  a  F^ry  quartz  spectrograph,  in  which  the  range 
X2X00-X6000  is  covered.  The  spectrunf  showed  no  lines  other  than 
those  usually  associated  with  cadmium,  and  was  identical  in  every  way 
with  the  spectrum  of  the  purest  material  prepared  by  Baxter  and  Hart- 
mann. 

Sample  C  of  cadmium  bromide  was  prepared  in  essentially  the  same 
manner  as  Sample  B.  Sample  C  was  probably  purer  than  any  of  the 
others,  for  upon  fusion  it  3delded  least  of  the  blads:  residue,  some  of  the 
specimens  being  entirely  free  from  any  visible  matter  of  this  kind.  Sam- 
ple B  was  used  in  Analyses  2  and  4,  Sample  C  in  Analyses  5  and  11. 

By  good  fortune  a  small  amount  of  cadmitun  bromide  remaining  from 
the  earlier  research  by  Baxter,  Hines  and  Frevert  had  been  preserved  in 
a  dry  state  in  a  sealed  glass  tube.  This  material  is  designated  in  the  earlier 
research.  Samples  II  and  III.  On  fusion  in  hydrobromic  add  this  ma- 
terial yielded  a  small  amount  of  the  black  residue  of  carbon  and  silica, 
but  no  more,  judging  from  the  appearance  and  recent  experience  in  this 
laboratory,  than  0.001-0.002%.  This  is  designated  Sample  D  in  the 
table  of  results.  Some  of  the  sulfate  from  which  this  bromide  had  been 
prepared,  also  remained.  Metal  prepared  from  this  sulfate  gave  a  spec- 
trum free  from  the  lines  of  foreign  metals. 

Preparation  of  theK^admium  Bromide  for  Analysis. 

To  prepare  the  cadmitun  bromide  for  weighing  it  was  fused  in  a  dry 
atmosphere  charged  with  pure  hydrobromic  acid  gas.  The  salt  was  con- 
tained in  a  quartz  boat,  and  this  in  tmn  was  placed  in  a  transparent 
quartz  tube,  which  formed  part  of  a  ''Bottling  apparatus"^  such  as  is 
usually  employed  in  this  laboratory  for  transferring  a  boat  to  a  weighing 
bottle  without  expostu-e  to  moisture.  The  hydrobromic  add  gas  was 
prepared  by  S3mthesis  from  pure  bromine  and  hydrogen  in  the  same  ap- 
paratus and  in  exactly  the  same  way  as  in  a  research  up<Hi  lead  bromide 
by  Baxter  and  Grover.^  In  the  earUer  experiments  the  fusion  atmos- 
phere was  prepared  by  passing  pure  nitrogen  through  fuming  hydrobromic 
add  solution,  and  then,  in  order  to  remove  moisture,  over  fused  caldum 
bromide.  In  many  of  the  final  series  of  experiments  the  fusion  atmos- 
1  Richards  and  Parker,  Proc,  Am,  Acad.,  32,  59  (1896);  Z.  anorg,  Chem.,  xs,  85. 
•  Tras  JouiRNAL,  37,  1035  (1915). 
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phere  consisted  of  hydrogen  which  had  been  charged  with  hydrobromic 
add  in  the  same  way.  No  difference  in  the  appearance  or  the  composi- 
tion of  salt  fused  in  the  two  atmospheres  could  be  detected. 

Previous  to  fusion  the  cadmium  bromide  was  freed  from  a  portion  of 
its  crystal  water  in  a  vacuum  desiccator  containing  fused  potassium 
hydroxide.  Then,  after  the  greater  part  of  the  residual  water  had  been 
expelled  at  a  low  temperature  by  heating  the  salt  in  the  hydrobromic  add 
atmosphere,  the  temperature  was  gradually  raised  by  means  of  ah  dec- 
trically  heated  sleeve  until  the  salt  was  fused.  As  soon  as  the  salt  had 
solidified,  the  fusion  atmosphere  was  displaced  with  pure  nitrogen  and 
this  finally  with  pure,  dry  air,^  and  the  boat  and  contents  were  transferred 
to  the  weighing  bottle  in  which 
they  were  to  be  weighed,  without 
exposure  to  the  outside  air. 

The  quartz  boats  with  their 
weighing  bottles  were  found  to  re- 
main unaltered  in  weight  by  the 
treatment  during  fusion.  This  con- 
firms earlier  experience  in  this 
laboratory  and  dsewhere. 
Method  of  Analysis. 

For  all  the  dectrolyses  a  cell  of 
the  form  II,  as  shown  in  the  earlier 
paper  by  Baxter  and  Hartmann, 
was  employed.  In  order  that  the 
cdl  might  be  subjected  as  far  as 
possible  to  the  same  influences  be- 
fore the  initial  wdghing  as  before 
the  final  wdghing,  it  was  carefully 
deaned  and  provided  with  suitable 
charge,  usually  about  one  hundred 
grams,  of  the  purest  mercury,  and 
the  mercury  was  then  made  the 
cathode  during  the  dectrolysis  of 
dilute  sulfuric  add  for  several 
hours.  Then  the  cell  was  rinsed 
first  with  water,  then  with  alcohol. 
The  outside  also  was  deaned  and 
wiped  with  a  dean,  lintless  doth. 
In  order  to  dry  the  cell  and  con- 
tents, it  was  placed  in  a  tubular  desiccator  containing  fused  potassium 
*  The  air  and  nitrogen  were  ptirified  and  dried  as  described  by  Baxter  and  Grovcr, 
LiK.  cU. 
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hydroxide  and  the  pressure  was  reduced  as  far  as  possible  with  a  Geryk 
oil  pump.  When  the  alcohol  had  evaporated,  the  cell  and  its  counter- 
poise were  placed  in  a  second  vacuum  desiccator  containing  fused  potas- 
sium hydroxide,  and  allowed  to  stand  for  several  hours  before  being 
weighed. 

Next  the  quartz  boat  with  its  content  of  cadmiimi  bromide  was  in- 
troduced bodily  into  the  cell  and  the  salt  was  dissolved  in  the  rinsings 
of  the  weighing  bottle.  The  column  of  bulbs  to  catch  spray  formed 
during  electrolysis  was  inserted  and  electrolysis  was  begun,  usually  with 
current  strength  of  about  one-half  ampere.  A  strong  current  at  the 
start  was  found  to  delay  the  completion  of  the  electrolysis.  The  cell 
was  partly  inmiersed  in  the  purest  water  in  order  to  avoid  undue  heat- 
ing during  electrolysis.  By  experiment  this  water  was  proved  to  exert 
no  appreciable  solvent  effect  upon  the  glass  of  the  cell. 

One  of  the  chief  difficulties  met  in  the  work  was  the  removal  of  the  bro- 
mine liberated  at  the  anode,  which,  owing  to  its  considerable  solubility^ 
nearly  all  dissolved  in  the  bromide  solution,  and  was  only  slowly  elim* 
inated  by  evaporation  into  the  small  volume  of  gases  produced  at  the  elec- 
trodes. This  dissolved  bromine,  by  its  action  on  the  amalgam,  .greatly 
retarded  the  deposition  of  the  cadmitmi.  Various  means  of  hastening 
the  evaporation  of  the  bromine  were  tried,  including  the  addition  of  sul- 
fimc  acid  before  electrolysis  was  begun,  varying  the  current  strength 
and  the  concentration  of  the  solution,  as  well  as  the  temperature,  but  the 
only  one  which  was  at  all  successful  was  to  cause  as  stream  of  very  small 
bubbles  of  pm-e  electrol)rtic  hydrogen  to  pass  through  the  electrolyte 
through  a  small  glass  tube  which  extended  nearly  to  the  surface  of  the 
mercury.  Even  with  this  device  a  small  amount  of  bromine  remained 
in  the  solution  after  electrolysis  for  eighteen  hours.  By  that  time,  how- 
ever, nearly  all  the  cadmium  was  deposited  and  it  was  safe  to  remove 
the  electrolyte  and  eliminate  all  bromine  and  bromide  by  conversion  to 
sulfate. 

Before  doing  this  the  column  of  bulbs  was  rinsed  into  the  cell  and  the 
current  strength  was  increased  to  a  maximum  by  applying  the  full  poten- 
tial of  the  battery  (seventeen  volts)  across  the  electrodes.  Next  the  elec- 
trolyte was  removed  by  suction  as  completely  as  possible,  and  the  amal- 
gam was  washed  with  a  few  portions  of  water  and  left  standing  tmder  a 
very  dilute  solution  of  sulfuric  acid.  The  electrolyte  was  transferred 
to  a  quartz  dish  and  evaporated  with  a  few  drops  of  distilled  sulfuric 
and  nitric  acids,  until  the  bromine  and  nitric  add  had  been  expeUed, 
and  the  sulfuric  acid  was  fuming.  The  residue,  which  amounted  to  only 
a  few  milligrams,  was  dissolved  in  water  and  returned  to  the  cell,  and  the 
electrolysis  was  continued  over  another  period,  usually  of  sixteen  hours, 
with  a  current  strength  of  between  half  and  one  ampere.    The  electro- 
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lyte  was  now  replaced  with  very  pure  water,  the  full  potential  being  main- 
tained between  the  electrodes,  and  great  care  being  taken  not  to  break 
the  electrolytic  circuit.  Then  the  water  was  removed  as  completely  as 
possible,  and  the  amalgam  was  rinsed  with  two  small  portions  of  dulled 
water  which  had  been  saturated  with  hydrogen,  and  two  small  portions 
of  the  purest  alcohol,  the  amalgam  being  rolled  round  gently  so  as  to 
bring  the  surface  in  thorough  contact  with  each  washing  portion.  The 
outside  of  the  cell  was  then  carefully  cleaned  and  wiped  dry,  and  the 
amalgam  was  freed  from  alcohol  exactly  as  the  mercury  originally  was 
treated.  In  accordance  with  the  earlier  experience  of  Baxter  and  Hart- 
mann  we  found  the  amalgams  to  remain  constant  in  weight  when  pre- 
served in  vacuum. 

The  electrolyte  and  washings  were  evaporated  nearly  to  dryness  in  a 
quartz  dish  over  an  electric  stove.  After  transference  to  a  weighed 
platinum  crucible,  evaporation  was  continued  at  a  gradually  increasing 
temperature  tmtil  finally  the  sulfuric  acid  had  been  expelled.  Eventually 
the  residue  was  heated  to  very  dull  redness,  before  being  cooled  and 
weighed.  While  this  residue  was  always  small,  in  no  case  was  it  negligi- 
1>le,  and  occasionally  weighed  several  milligrams.  After  being  weighed 
it  was  in  many  cases  dissolved  in  very  dilute  sulfuric  add  and  the  solution 
tested  for  cadmimn  with  hydrogen  sulfide.  Cadmium  was  always  found, 
usually  in  amounts  corresponding  very  nearly  to  the  wdght  of  the  sulfate. 
Undoubtedly,  however,  a  small  proportion  of  the  residue  consisted  of 
sulfates  of  alkalies  extracted  from  the  glass  of  the  cell.  Since  the  residue 
is  always  multiplied  by  the  proportion  of  cadmium  in  cadmium  sulfate, 
0.54,  before  the  correction  is  applied,  no  serious  error  could  have  been 
introduced  in  this  way.  That  tliis  is  the  case  is  indicated  by  the  fact 
that  the  total  wdght  of  cadmium  computed  from  sutnalgam  and  residue 
-eventually  became  constant  upon  repeated  electrol3rsis,  while  the  residue 
i9ddom  changed  in  wdght  materially,  and  frequently  decreased. 

In  the  earlier  analyses  the  percentage  of  cadmium  in  the  bromide 
was  found  to  be  even  higher  than  corresponds  to  the  atomic  weight  1 12 .42. 
The  results  for  the  atomic  wdght  of  cadmium  varied  somewhat,  the  high- 
est bdng  112.477  and  the  lowest  112.387,  with  an  average  of  112.43. 
The  amalgams,  while  not  badly  rusted,  were,  however,  not  quite  so  bright 
in  appearance  as^in  the  earlier  dectroly^ses  of  cadmium  chloride.  In 
Analysis  i,  in  Table  I,  in  which  the  initial  result  was  somewhat  higher 
than  usual,  the  experiment  was  tried  of  repeatedly  dissolving  the  residue 
of  cadmium  sulfate  in  dilute  sulfuric  add,  returning  it  to  the  cell  and  con- 
iinuing  the  dectrolysis  for  another  period  of  several  hours.  The  result 
of  these  experiments  was  to  diminish  the  total  wdght  of  cadmitun  found 
in  the  amalgam  and  residue  by  about  two  milligrams,  the  change  falling 
•chiefly  upon  the  wdght  of  the  amalgam.    Ultimatdy,  a  point  was  reached 
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where  repeated  electrolysis  produced  no  further  alteration  in  the  weight 
of  cadmium  recovered.  These  additional  electrol3rses,  besides  lowering 
the  total  weight  of  cadmium,  also  improved  the  appearance  of  the  amalgam 
perceptibly,  the  final  product  being  as  bright  and  silvexy  in  appearance 
as  could  be  desired.  While  we  are  not  certain  as  to  the  exact  cause  of 
this  diminution  in  weight,  we  are  strongly  inclined  to  the  beUef  that  it  is 
due  to  a  small  amount  of  mercurous  bromide  on  the  surface  of  the  amal- 
gam, which  is  only  gradually  reduced  to  the  metallic  state  by  prolonged 
electroly^s.  This  mercurous  bromide  might  very  well  be  formed  through 
the  action  of  the  free  bromine  always  present  during  the  first  stage  of  the 
electrolysis.  After  this  experience,  in  every  analysis  the  residue  was 
dissolved  in  dilute  sulfuric  add,  returned  to  the  cell  and  the  electrolysis 
repeated  until  the  cadmium  recovered  in  the  form  of  amalgam  and  as  sul- 
fate reached  a  constant  minimum  value.  This  required  from  three  to 
five  electrol3rses.  The  ultimate  result  of  this  change  in  procedtire  was  to 
lower  slightly  the  average  percentage  of  cadmium  in  the  bromide  from 
that  obtained  in  the  first  series  of  experiments. 

In  order  to  make  certain  that  the  final  weight  of  cadmium  found  in 
this  way  is  the  correct  one,  two  experiments,  Analyses  lo  and  ii,  were 
carried  out  by  converting  the  bromide  completely  to  stdf ate  before  elec- 
trolysis was  begun.  This  is  the  method  employed  by  Quinn  and  Hulett 
for  the  analsrsis  of  cadmium  bromide.  The  boat  with  the  fused  salt  was 
transferred  to  the  quartz  dish  and  the  salt  was  dissolved  in  water.  The 
boat  was  carefully  removed  with  rinsing,  and  the  solution  was  slowly 
evaporated  on  an  electric  stove  with  a  slight  excess  of  redistilled  sulfuric 
and  nitric  adds,  until  the  bromine  and  excess  of  nitric  add  had  been  ex- 
pelled. The  greatest  pains  was  taken  toward  the  end  of  the  evaporation 
to  avoid  spattering.  The  residue  of  cadmium  sulfate  and  sulfmic  add 
was  dissolved  in  water  and  the  solution  quantitativdy  transferred  to  the 
ceU  and  dectrolyzed-  The  amalgam  was  treated  as  above  preparatory 
to  weighing,  and  the  residual  dectrolyte  was  evaporated  in  quartz  and 
finally  in  a  platinum  crudble,  and  the  residue  of  sulfate  was  wdghed. 
The  residue  was  dissolved  in  dilute  sulfuric  add,  returned  to  the  cdl 
and  dectrolysis  was  repeated.  In  Analysis  lo  the  dmnge  in  wdght  when 
dectrolysis  was  repeated  was  o.oi  mg.  In  Analy^  ii  during  the  first 
repetition  the  loss  was  one  milligram,  owing  apparently  to  the  fact  that 
some  undecomposed  bromide  was  left  in  the  sulfate,  but  in  the  second 
repetition  a  gain  of  0.06  mg.  occtured.  The  agreement  of  the  results 
of  these  two  experiments  with  those  of  experiments  where  the  bromide 
was  dectrolyzed  directly  is  strong  evidence  that  no  serious  error  affected 
the  latter. 

A  question  raised  by  the  gradual  loss  in  wdght  of  the  cadmium  amal* 
gam  during  continued  dectrolysis  of  the  bromide  is  whether  in  the  earlier 
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anal3rses  of  cadmium  chloride  a  similar  process  might  not  have  been  under 
way  but  not  detected.  Therefore,  in  order  to  determine  whether  in  the 
analysis  of  the  chloride  it  is  necessary  to  continue  electrolysis  to  constant 
weight,  several  experiments  were  carried  out,  in  as  nearly  as  possible 
the  same  fashion  as  in  the  work  by  Baxter  and  Hartmann,  except  that 
the  residue  was  dissolved,  returned  to  the  oell  and  electrolysis  repeated 
one  or  more  times  after  the  initial  weight  had  been  obtained.  The  ma- 
terial was  made  from  Sample  C  of  cadmium  bromide  used  in  the  present 
work  by  converting  it  to  chloride  in  a  stream  of  chlorine  and  hydro- 
chloric add.  The  latter  process  was  carried  out  exactly  as  described  in 
the  earlier  paper  on  the  analysis  of  the  chloride.^  In  no  one  of  the  three 
analyses  in  which  electrolysis  was  repeated  could  a  change  in  the  total 
weight  of  cadmium  as  large  as  a  o.  i  mg.  be  detected.  One  analysis  in 
which  an  obvious  loss  of  material  occurred  is  not  given  in  the  table.  The 
final  average  of  the  three  determinations  is  essentially  the  same  as  that 
found  before.  We  therefore  fed  reassured  that  no  difficulty  such  as  was 
experienced  with  the  bromide  could  have  affected  the  chloride  analyses. 
It  is  not  surprising  to  find  this  to  be  the  case,  however,  since  the  free 
chlorine,  being  more  volatile  and  less  soluble  in  the  dectrolyte,  is  far  more 
rapidly  removed  during  dectrolysis  than  the  free  bromine. 

The  wdghts  were  standardized  to  hundredths  of  a  milligram  by  the 
substitution  method  described  by  Richards.'  All  weighings  were  made 
upon  a  No.  lo  Troemner  balance.  With  the  heavier  objects,  such  as 
the  wdghing  bottle,  and  the  cell  containing  mercury  or  amalgam,  the 
balance  beam  was  left  down  some  minutes  before  making  observations 
in  order  to  allow  the  slight  bending  of  the  beam  to  occur.  A  small  amount 
of  crude  radium  bromide  was  kept  in  the  balance  case  to  prevent  the  ob- 
jects wdghed  firom  retaining  dectrostatic  charges.  The  wdghing  bottle 
and  cdl  were  always  compared  with  counterpoises  of  very  nearly  the 
same  shape,  size  and  volume  in  order  to  avoid  variations  from  changes 
in  atmospheric  conditions.      ' 

Vacuum  corrections  of  +0.000086  g.  per  gram  of  cadmium  bromide 
and  of  +0.000152  g.  per  gram  of  cadmium  chloride  were  applied,  the 
densities  of  the  weights  and  the  salts  being  assumed  to  be  8.3,  5 .  192  and 
4.047,  respectivdy.  The  vacuum  correction  of  cadmium  dissolved  in 
mercury  computed  in  the  earlier  paper,  — 0.000016  g.,  was  applied  for  every 
apparent  gram  of  dissolved  cadmium.  In  a  few  analyses  the  amalgam 
was  so  concentrated  that  a  small  amount  of  solid  amalgam  separated, 
but  not  in  amount  large  enough  to  produce  uncertainty  in  the  vacuum 
correction. 

^  Baxter  and  Hartmann,  Loc.  ciL,  p.  130. 
*  Tms  JouiLNAL,  aa,  144  (1900). 
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The  Atomic  Wsight  of  Cadioxtm.^ 


Number  Sample 

of  of 

•nalytU.  CdBn. 


I 
2 

3 

4 
5 
6 

7 
8 

9 

lO 

II 

12 


A 

B 
A 
B 
C 
C 
C 
C 
C 
C 
C 
D 


Cd:Br,. 

Wt.  of 

CdBn 

in  vacuum. 

Grams. 

16.55663 

6.83764 

7 . 16223 

6.71886 

10.31855 
9.40020 
8.21123 

10.51504 
fo.22411 
10.99613 
I I. 05 166 
19.67134 


Wt.  of 

Cd  from 

amalgam 

is  Tacuum. 

Grams. 

6.83503 
2 . 82293 
2.95618 

2.77347 
4.26065 
3.88027 
3.38976 
4.33980 
4.2211O 
4-53953 
4-56258 
8.12101 


Wt.of 

residue  from 

electrolyte. 

Gram. 

0.00133 

0.00090 

0.00144 

0.00124 

0.00087 

0.00213 

O.OOII5 

0.00323 

0.00087 

O.OOII2 

0.00109 

0.00266 


Br  —  79-916. 

Total 
of  Cd 


Grams. 

6.83575 
2.82342 
2.95696 
2.77414 
4.26112 
3.88142 
3.39038 

4.34154 
4.22157 

4.54013 
4-56317 
8.12244 


Ratio 
Cd:Bn. 

0.703203 
0.703355 
0.703155 
0.703255 
0.703453 
0.70331 I 

0.703274 
0.703254 
0.703297 
0.703242 
0.703271 
0.703309 


Atonic  wt. 
ofCd. 

112.395 
112. 419 
112.387 
112.402 
112.434 
112. 412 
112.406 
112.403 
112.409 
112.401 
112.405 
112. 411 


Total,  127.66362 


Average,  0.703282    112.407 
52.71204    0.703281     112.407 


Th9  Atomic  Weigbt  of  Cadmium. 


Cd:Cls. 


CI  -  35.457. 


Number  of 
analysis. 

13 
14 
X5 


Wt,of 

CdCh 

in  vacuum. 

Grama. 

6.49746 
6.62682 
7.35812 


Wt.  of 

Cd  from        Wt.  of 
amalgam  residue  from 
in  vacuum,  electrolyte. 
Grams.  Gram. 


3.98314 
4.06323 
4.51120 


0.00216 
0.00047 
0.00084 


Total  wt. 

of  Cd 

in  vacuum. 

Grams. 

3.98430 

4.06348 

4.51165 


Ratio 
Cd:Cli. 


Atomic  wt. 
of  Cd. 


1-58537  112.425 
Z -58523  I 12. 415 
1.58500   112.399 


Total,  30.48240 


Average,  1.58520      11 2. 413 
12.55943       I. 58519       112.41a 


One  analysis  is  omitted  from  the  table  of  bromide  experiments  because 
the  stopper  blew  out  of  the  cell  during  th^  drjring  of  the  amalgam,  and 
one  because  of  the  presence  of  a  relatively  large  amount  of  readily  vola- 
tile solid  residue  when  the  electrolyte  was  evaporated  to  dryness.  The 
amalgam  in  Analysis  2  was  re-electrolyzed  only  once,  and  lost  in  the 
process  0.00062  g.  This  may  account  for  the  fact  that  the  result 
of  this  experiment  is  slightly  higher  than  the  average.  In  Analysis  7 
constant  weight  of  the  cadmiimi  was  not  secured  because  of  accident 
to  the  residue  after  the  thkd  electrolysis.  In  the  second  electrolysis 
the  loss  in  weight  was  0.00055  g-I  ^  the  third  0.00024  g.  It  is  unlikely, 
that  an  appreciable  further  loss  would  have  occurred.  In  Analysis  5,  a 
very  slight  black  ring,  presumably  of  mercury  sulfide,  formed  on  the  glass 

1  Some  of  the  preliminary  analyses  of  cadmitmi  bromide  were  made  by  Dr.  Hart- 
mami.    The  final  a^yses  given  in  the  tables  were  all  made  by  Mr.  Grose. 
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of  the  cell  at  the  surface  of  the  mercury,  during  the  electrol3rsis  with 
sulfuric  add. 

In  connection  with  the  table  it  is  worth  noting  that  if  the  weight  of 
residue  obtained  from  the  electrolyte  is  entirely  neglected,  the  atomic 
weight  of  cadmium  becomes  112.37.  But  this  value  is  surely  too  low, 
first,  because  the  residues  always  contained  cadmium  and  second,  be- 
cause of  material  dissolved  from  the  cell  walls. 

The  average  result,  112. 407,  confirms  all  the  earlier  work  in  the  Harvard 
Laboratories  upon  the  analysis  of  the  cadmium  halides.  The  average 
percentage  of  cadmitmi  in  cadmium  bromide  found  here  is  41 .  290,  while 
Baxter,  Hines,  and  Frevert  by  comparing  the  same  salt  with  silver  found 
the  percentage  of  bromine  to  be  58.708.  The  sum  is  99.998%,  a  satis- 
factory outcome. 

The  following  table  summarizes  the  work  upon  the  atomic  weight  of 
cadmium  carried  out  in  the  Harvard  Laboratories: 

Atomic  weight 
Ratio.  of  cadmittm. 

Baxter  and  Hines CdCli:2Ag:2A«Cl  112 .418 

Baxter,  Hines  and  Frevert CMBrs:2Ag:2AgBr  112 .417 

Baxter  and  Hartmann CdCls: Cd  1 12 .417 

Baxter,  Grose  and  Hartmann CdBrst Cd  112 .407 

Average,  112. 415 

It  is  difficult  to  beUeve  that  constant  errors  could  have  affected  all 
four  series  of  results  to  an  equal  extent. 

Sumnuury. 

1.  A  procedure  for  the  direct  electrolysis  of  bromides  with  the  use 
of  a  special  form  of  cell  and  a  mercury  cathode  is  described. 

2.  Further  evidence  is  presented  in  support  of  the  analyses  of  cadmitun 
chloride  by  Baxter  and  Hartmann. 

3.  The  percentage  of  cadmium  in  anhydrous  cadmium  bromide  is 
found  to  be  41 .  290,  while  Quinn  and  Hulett  found  only  41 .  257%.  The 
former  percentage  corresponds  to  an  atomic  weight  of  cadmium  of  1 12 .  407 
(Br  =  79.916),  a  value  which  agrees  satisfactorily  with  the  results  ob- 
tained earlier  by  Baxter,  Hines,  and  Frevert,  and  Baxter  and  Hartmann, 
1 12. 417  (CI  =  35.457)-  The  average  of  the  four  series  of  results  is 
1 12. 415  (Ag  =  107.880). 

We  are  greatly  indebted  to  both  the  Carnegie  Institution  of  Washing- 
ton and  the  Elizabeth  Thompson  Science  Fund  for  very  generous  as- 
sistance in  this  investigation 

Cambbioos.  Mam. 
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[Contribution  from  tbb  T.  Jefferson  Cooi^idge,  Jr.,  CflEmcAL  Laboratory  of 

Harvard  College.] 

A  REVISION  OF  THE  ATOMIC  WEIGHT  OP  ZINC. 
THE  BLECTROLYTIC  DETERMINATION  OF  ZINC  IN  ZINC  BEOMIDB. 

Bt  OwiooKy  Paul  Baztbr  amd  Mbkmitt  Rot  Geom. 
Received  January  12.  1916. 

The  success  met  in  the  electrolytic  estimation  of  cadmium  in  cadmium 
diloride  and  bromide  led  to  the  hope  that  a  similar  method  might  be 
successfully  applied  to  other  elements.  In  the  case  of  the  metallic  halides 
it  is  thus  possible  to  make  a  complete  analysis,  that  is,  the  halogen  may  be 
determined  by  comparison  with  silver  and  the  metal  by  electrolytic  deposi- 
tion. Where  the  stun  of  the  two  is  essentially  ioo%  the  evidence  ob- 
viously is  of  the  strongest  kind  that  constant  error  has  affected  neither 
method. 

The  close  dmilarity  of  cadmium  and  zinc  in  properties  made  it  likely 
that  the  methods  as  worked  out  for  cadmitun  could  be  applied  with  little 
variation  to  the  determination  of  zinc.  Such  proved  to  be  the  case. 
We  f otmd  it  possible  in  the  first  place  to  deposit  zinc  in  a  mercury  cathode 
very  nearly  although  not  quite  completely,  and  that  the  zinc  amalgam 
could  be  satisfactorily  washed  with  alcohol  and  dried  without  perceptible 
rusting.  The  amalgam  thus  produced  does  not  oxidize  at  all  rapidly, 
even  on  exposure  to  air.  The  general  method  of  procedure  was  essentially 
that  described  in  detail  in  the  preceding  paper  upon  the  analysis  of  cad- 
mium bromide.  Weighed  amounts  of  zinc  bromide  which  had  been  dried 
by  fusion  were  dissolved  in  a  small  amount  of  water  in  a  glass  electrol3rtic 
cell,  and  the  metal  was  deposited  as  completely  as  possible  in  a  mercury 
cathode,  the  bromine  liberated  at  the  anode  being  swept  away  by  bubbling 
a  slow  current  of  hydrogen  through  the  solution.  The  electrolyte  was 
then  completely  freed  from  bromine  and  bromide  by  evaporation  with 
nitric  and  sulfuric  acids,  and  the  residue  was  rettuned  to  the  cell  for  further 
electroly^s.  The  amalgam  finally  was  washed  with  alcohol  and  dried 
in  a  vacuum,  while  the  electrolyte  was  evaporated  and  a  slight  residue  of 
zinc  sulfate  was  weighed.  In  other  experiments  the  zinc  bromide  was 
completely  converted  to  sulfate  before  electroljrsis. 
Purification  of  Materials. 

Reagents  were  purified  exactly  as  described  in  the  previous  paper. 

Zinc  Bromide. — ^Analysis  i  was  made  with  zinc  bromide  prepared  from 
coramerdal  zinc  by  treatment  with  the  purest  bromine  and  purified  by 
many  crystallizations.  For.  the  other  experiments  material  was  purified 
with  greater  care  as  follows:  Crude  metal  was  freed  from  nonmetallic 
impimties  by  electrolytic  transport  from  an  anode  of  commerdal  metal 
through  a  concentrated  solution  of  zinc  bromide  free  from  chloride  to  a 
platinum  cathode,  where  the  metal  was  deposited  as  a  fine  crystalline 
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mass.  The  crystals  were  leached  as  thoroughly  as  possible  by  digesting 
with  cold,  very  pure  water  for  some  days,  and  then  were  'dissolved  by 
treatment  with  very  pure  bromine  under  dilute  hydrobromic  add  solu- 
tion in  a  quartz  flask.  The  solution  was  digested  with  an  excess  of  zinc 
in  order  to  remove  more  strongly  electropositive  metals,  and  after  filtra- 
tion through  platinum  sponge  was  evaporated  to  crystallization,  and 
the  product  was  three  times  more  crystallized  from  very  dilute  hydro- 
bromic add  solution  in  platinum  vessels.  A  portion  of  the  product  was 
used  for  one  analysis  (Analysis  2).  The  remainder  was  fused  in  platinum 
boats  in  nitrogen  charged  with  hydrobromic  add  gas.  The  fused  salt» 
which  contained  a  very  small  amount  of  black  material,  probably  carbon 
and  silica  as  has  been  previously  shown,^  was  dissolved  in  water  and  the 
solution  was  filtered  through  platinum  sponge.  The  solution  was  then 
evaporated  to  crystallization,  and  the  aystals  were  once  recrystallized 
from  very  dilute  hydrobromic  add  solution.  In  all  the  crystallizations 
centrifugal  drainage  in  platinum  Gooch  crudbles  was  used.  The  final 
product,  when  fused  in  an  atmosphere  containing  hydrobromic  add  gas» 
was  free  from  all  but  the  merest  traces  of  black  residue. 

In  order  to  follow  the  purity  of  the  product,  dectrodes  were  made  from 
the  crude  zinc,  from  the  dectrol3rtic  product,  and  from  the  four  and  six 
times  oystalUzed  salt,  and  the  spark  spectra  of  the  electrodes  were  photo- 
graphed with  a  F^  quartz  spectrograph.  In  order  to  prepare  dectrodes 
from  the  salt,  a  portion  was  dissolved  in  water  and  the  metal  was  de- 
podted  as  completdy  as  possible  from  the  solution,  using  platinum  elec- 
trodes. The  dectrolytic  deposit  was  thoroughly  washed  and  dried,  fused 
in  an  atmosphere  of  hydrogen  in  a  hard  glass  tube,  and  made  into  dectrodes 
by  sucking  the  mdted  metal  into  hard  glass  capillaries.  The  crude  mate- 
rial contained  lead,  cadmium  and  iron.  The  dectrolytic  metal  was  nearly 
tree  from  iron,  but  contained  the  other  impurities.  The  four  times  crys« 
talfized  zinc  bromide  contained  the  merest  traces  of  cadmium  and  lead, 
while  in  the  spectrograms  obtained  with  the  final  product  only  the  strongest 
lines  of  cadmium  were  bardy  visible.  We  estimate  the  proportion  of 
cadmium  in  the  final  product  to  be  less  than  0.001%. 

To  dry  the  salt  for  weighing  it  was  first  left  ia  an  exhausted  desiccator, 
over  fused  sodium  hydroxide  for  some  days.  Then  the  crystals,  which 
still  contained  the  greater  part  of  the  water  of  crystallization,  were  heated 
gently  in  a  wdghed  quartz  boat  in  a  current  of  dther  nitrogen  or  hydrogen, 
diarged  with  hydrobromic  add  gas  by  being  passed  through  a  f tuning 
solution  of  the  add  gas  and  dried  by  means  of  fused  caldum  bromide. 
During  this  process  the  boat  was  contained  in  a  quartz  tube  which  formed 
part  of  a  "bottling  apparatus."    As  soon  as  the  crystal  water  had  evapo- 

1  Baxter  and  Hartmaim,  Tms  Jovksal,  37,  lai  (1915);  Baxter  and  Graver,  Ibid,, 
37»  XO40  (X915). 
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rated  from  the  salt,  the  temperature  was  gradually  raised  until  finally 
the  salt  was  fused.  After  being  allowed  to  solidify  in  the  add  gas,  the 
latter  was  replaced  first  with  pure  dry  nitrogen  and  this  in  turn  with 
pure,  dry  air.  The  boat  was  finally  transferred  to  the  weighing  bottle 
in  which  it  originally  had  been  weighed,  by  means  of  the  bottling  ap- 
paratus. 

When  the  weight  of  the  salt  had  been  determined,  the  boat  was  placed 
in  the  weighed  dectrol)rtic  cdP  containing  about  100  g.  of  mercury,  and 
the  salt  was  dissolved  in  w£iter  which  had  been  used  to  rinse  the  wdghii^ 
bottle.  Electrolysis  was  then  begun  with  a  current  strength  somewhat 
less  than  one  ampere,  and  was  continued  for  about  sixteen  hours.  During 
the  dectrolysis  a  slow  current  of  very  pure  hydrogen  was  caused  to  bubble 
through  the  solution,  in  order  to  remove  the  bromine  liberated  at  the 
anode.  At  this  point  the  bulk  of  the  zinc  had  been  deposited  in  the  mer- 
cury, and  the  greater  part  of  the  bromine  had  been  e3q)elled.  The  dec- 
troljTte  was  now  removed  to  a  dean  flask  by  suction,  and  the  amalgam 
and  cell  were  rinsed  a  few  times  with  vety  pure  water.  The  dectrdyte 
was  evaporated  together  with  a  small  amount  of  nitric  and  sulfuric  adds 
in  a  quartz  dish.  The  residue  of  zinc  stdfate,  together  with  the  excess 
of  sulfuric  add,  was  dissolved  in  water  and  returned  to  the  cdl,  and 
dectroljrsis  was  continued  for  some  hours  longer.  Then  the  odl  was 
again  washed  with  chilled  water  which  had  been  saturated  with  pure 
hydrogen,  with  espedal  pains  not  to  break  the  dectiolytic  drcuit  until 
all  of  the  dectroljTte  had  been  displaced.  After  the  water  had  been 
removed  as  completdy  as  possible,  the  cell  and  the  amalgam  were 
rinsed  two  or  three  times  with  very  pure  alcohol.  The  cell  was  then 
stoppered  and  the  alcohol  was  evaporated  ia  a  small  tubular  dedccator 
containing  fused  sodium  hydroxide,  a  Geryk  oil  pump  bdng  used  to  ex- 
haust the  desiccator.  The  pressure  at  first  was  not  reduced  bdow  a 
few  millimeters,  since  the  rapid  evaporation  of  the  alcohol  tended  to  blow 
the  stopper  out  of  the  cdl,  but  as  soon  as  the  alcohol  had  disappeared, 
the  pressure  was  lowered  as  far  as  possible.  After  standing  some  time 
in  this  desiccator,  the  cdl  and  its  counterpoise  were  placed  in  a  second 
larger  desiccator,  also  containing  fused  sodium  hydroxide,  and  were  left 
in  a  high  vacuum  for  some  hours  before  bdng  wdghed.  In  the  meantime 
the  electrolyte,  together  with  the  aqueous  and  alcohoUc  washings,  was 
evaporated  in  the  quartz  dish  previously  used  in  the  same  experiment, 
and  when  the  liquid  had  been  reduced  to  a  volume  of  a  few  cubic  centi- 
meters, it  was  transferred  to  a  wdghed  platintmi  crudble,  and  the  evapora- 
tion continued  at  gradually  increasing  temperatures  until  the  sulfuric 
add  had  been  expelled,  and  nothing  but  the  residue  of  zinc  sulfate  re- 
mained. The  crudble  with  its  contacts  was  then  wdghed. 
1  Form  II,  Baxter  and  Hartmatin,  Tms  Journal,  37>  123  (1915)* 
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Since  in  the  previous  work  with  cadmium  bromide  it  was  found  that 
the  initial  weight  of  cadmium  thus  obtained  is  usually  too  large,  owing 
probably  to  the  formation  of  a  small  amount  of  mercurous  bromide  upon 
the  amalgam,  the  electrolysis  was  now  repeated  by  dissolving  the  zinc 
sulfate  residue  in  the  platinum  crucible  in  a  small  amount  of  sulfuric  add, 
returning  the  solution  to  the  cell,  and  electrolyzing  for  several  hours. 
The  process  of  washing  was  repeated  in  exactly  the  same  way  as  before, 
the  amalgam  was  dried  and  weighed,  and  the  electrolyte  was  evaporated, 
and  the  residue  of  zinc  sulfate  again  determined.  In  most  cases  a  loss 
in  weight  of  a  few  tenths  of  a  milligram  occurred  during  the  first  elec- 
trolysis. If  this  was  so,  the  process  was  repeated  until  the  total  weight 
of  zinc,  as  obtained  from  the  gain  in  weight  of  the  cell  and  the  zinc  sul- 
fate residue,  became  constant  within  less  than  a  tenth  of  a  milligram. 
The  results  as  presented  in  the  table  are  computed  on  the  basis  of  the 
final  weight. 

Because  the  process  of  repeated  electrolysis  was  a  laborious  and  time- 
consuming  one,  in  several  analyses  the  zinc  bromide  was  converted  to 
sulfate  before  electrolysis.  In  order  to  do  this  the  boat  with  the  fused 
zinc  bromide  was  placed  in  a  quartz  dish,  and  the  salt  was  dissolved  in 
the  purest  water.  The  boat  was  removed  with  careful  rinsing,  the  rinsings 
being  added  to  the  original  sdution.  Then  concentrated  sulfuric  add  in 
excess  of  the  amount  necessary  to  convert  the  bromide  to  sulfate  was 
added,  as  well  as  nitric  add,  and  the  solution  was  gently  heated  on  an  elec- 
tric stove,  in  order  to  liberate  and  vaporize  the  bromine.  The  tempera- 
tiure,  however,  was  kept  low  enough  so  that  boiling  did  not  actually  occur. 
After  the  solution  had  been  evaporated  until  the  volatile  matter  had 
been  expelled  and  the  zinc  sulfate  had  separated  from  the  residual  con- 
centrated sulfuric  add  solution,  the  whole  was  dissolved  in  water  and 
evaporation  repeated,  in  order  to  decompose  bromide  which  might  have 
been  induded  in  the  solid  residue  during  the  first  evaporation.  The 
second  residue  was  again  dissolved  in  the  minimum  amount  of  water, 
and  the  solution  was  quantitativdy  transferred  to  the  weighed  electrolytic 
ceH.  Electrolysis  was  now  carried  out  as  usual.  The  amalgam  was 
washed  and  dried,  and  the  residue  of  zinc  sulfate  in  the  electrolyte  was 
•determined.  This  residue,  while  never  large,  was  always  appreciable. 
Although  in  every  case  the  zinc  sulfate  residue  was  dissolved  in  sulfuric 
add,  returned  to  the  cell,  and  dectroly^is  repeated,  the  total  wdght  of 
^zinc  obtained  was  never  reduced  by  the  process.  The  experiments  in 
ivhich  this  modification  of  the  procedure  was  employed  are  indicated  in 
the  table.  It  can  be  seen  that  the  results  of  these  experiments  do  not 
<iiff er  from  those  in  which  the  bromide  was  dectrolyzed  directly. 

The  wdghts  were  standardized  by  the  substitution  method  described 
i)y  Richards.    All  wdghings  of  the  cell  aod  of  the  weighing  bottle  con- 
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taining  the  zinc  bromide  were  made  by  substitution  for  counterpoises 
of  the  same  material  and  of  the  same  shape  and  size.  A  vacuum  cor- 
rection of  +0.000140  g.  is  applied  for  every  gram  of  zinc  bromide.  This 
is  computed  from  the  densities  4.219  for  zinc  bromide^  and  8.3  for  the 
brass  weights.  A  vacuum  correction  of  +0.000003  g-  is  applied  for  each 
gram  of  dissolved  zinc.  This  is  computed  from  the  density  of  saturated 
zinc  amalgam  at  25^  as  found  by  Crenshaw,*  13.343.  ^^  amalgam  con- 
tains 2.220  g.  of  zinc  in  100  g.  of  mercury. 

Tb8  Atowc  Wbigbt  of  Zmc. 

Zn:Brt. 

Br  «  79.916. 

Wt-of 

Zn  from       Wt.  of  ToUl 

Number  Wt.  of  ZnBn  amalsam  residue  from    wt.  of  Za  Atomic 

of  in  Tacuum.  in  vacuum,  electrolyte,  in  Tecttum.        Ratio  weiglit 

analysis.  Grams.        Grams.         Gram.  Grams.  Zn :  Bn.      of  tme. 

X 6.88781  1.99857  0.00148   X. 99917  0.408943  65.362 

2 6.79973  1*97241  0.00206  X. 97324  0.408835  65.345 

3 7.67096  a. 22673  0.00096  2.227XS  0.409x08  65.389 

4 8.02839  2.33x09  O.0003X  2.33x22  0.409x89  65.403 

5* 7.18458  2.08428  0.00219  3.085x7  0.408904  65.356 

6* 7.55005  2.X9143  0.00094  2.X9x8x  0.409054  65.380 

7* 7.71332  2.23883  0.00x34  2.23937  0.409096  65.387 

8 7-XI55X  2.06545  0.00x34  2.06599  0.409x46  65.395 

9 7.44099  2.X6000  0.001X5  2.X6047  0.409x40  65.393 

xo^ 7.X8828  3.0870X  0.00065  3.08737  0.409x88  65.40X 

Average,  0.409060  65.381 

Total 73-57962  ...            ...  2x. 36083  0.409063  65.38X 

Average,  omitting  Analyses  x  and  2 0.409x03    65 .388 ' 

Since  Anal3rses  i  and  2  were  made  with  zinc  bromide  of  a  less  degree 
of  purity  than  the  others,  we  fed  that  the  average  of  Analyses  3  to  10, 
65.388,  represents  most  nearly  the  real  outcome  of  the  work. 

Richards  and  Rogers,^  by  comparing  zinc  bromide  with  silver  and  weigh- 
ing the  silver  bromide  formed,  found  the  atomic  weight  of  zinc  to  be 
65.376  (Ag  »  107.880;  Br  =  79.916).  In  oth^  words;  they  found  zinc 
bromide  to  contain  70.971%  of  bromine,  while  in  the  present  research 
the  percentage  of  zinc  is  found  to  be  29.033.    The  sum  is  100.004%. 

The  individual  results  are  fairly  consistent  among  themselves,  and  while 
the  agreement  of  the  average  value  with  that  of  Richards  and  Rogers 
is  not  absolute,  it  certainly  affords  a  very  satisfactory  confirmation  of 
the  earlier  value.  Since  the  investigation  was  interrupted  at  this  point, 
it  seems  worth  while  to  present  the  preliminary  results.  The  subject  is 
being  pursued  ftuther  in  this  laboratory. 

1  Richards  and  Rogers,  Proc.  Atner.  Acad.,  ax,  X63  (X895). 
«  /.  Phys.  Chem,,  X4»  X58  (X910). 

*  Changed  t*  sulfate  before  electrolysis. 

*  Proc,  Amer.  Acad.,  31,  X58  (X895). 
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We  are  greatly  indebted  to  both  the  Carnegie  Institution  of  Washington 
and  the  Elizabeth  Thompson  Science  Fund  for  very  generous  assistance 
in  this  investigation* 

Caxbrzdob,  Mass. 


[Contributions  from  thb  CHKiacAi«  Laboratories  of  New  Hampshirb  Coixbos.] 
GADOLINIUM  SODIUM  SULFATE. 

BT  D.  W.  BI88SIA  AMD  C  jAMsa. 
Received  Pebrnary  10^  1916. 

This  investigation  seemed  to  be  of  peculiar  interest,  since^  according 
to  some  observers,  gadolinium  sodium  sulfate  was  insoluble  in  sodium 
sulfate  solution,  while  at  least  one  other  has  suggested  that  its  solubility 
might  be  used  for  a  means  of  separation.  Of  course,  the  solubility  of 
gadolinium  sulfate  in  sodium  sulfate  solution  might  first  increase  and 
later  decrease.  This  is  true  in  the  case  of  yttrium,  and  would  explain 
the  different  observations  that  have  been  published.  However,  the 
following  work  shows  that,  when  sufficient  sodium  sulfate  was  added 
so  as  to  leave  a  slight  excess,  only  about  0.6  g.  of  gadolinium  sulfate 
was  contained  in  a  liter. 

Pure  hydrated  gadolinium  sulfate  was  prepared  as  follows:  Gado- 
linium material  was  first  separated  from  europium  and  less  soluble  earths 
by  crystallizing  the  double  magnesium  nitrates  in  the  presence  of  bismuth 
magnesium  nitrate.  The  more  soluble  portions  were  then  converted 
to  the  bromates  and  fractionated  until  the  least  soluble  portions  gave  a 
pure  white  oxide.  This  bromate  was  converted  into  the  oxalate  and 
the  latter  treated  with  concentrated  sulfuric  add  and  heated  until  all 
fumes  ceased  to  be  evolved.  The  anhydrous  sulfate  was  next  dissolved 
in  water,  and  carefully  oystallized  over  the  steam  bath.  The  crystals 
were  removed,  dried  and  finely  powdered. 

Botties  containing  various  amounts  of  gadolinium  sulfate  and  sodium 
sulfate  were  made  up,  and  about  50  cc.  of  water  added  to  each.  They 
were  then  rotated  in  a  thermostat  at  25^  for  several  months.  After  they 
had  settied,  the  liquid  phase  was  anal3rzed  in  the  following  manner: 
Two  samples  were  drawn  from  each  bottie  and  transferred  to  tared  weigh- 
ing botties.  The  first  was  diluted,  heated  to  boiling,  and  treated  with 
a  warm  solution  of  ammonium  sebacate.  The  precipitate  was  washed 
free  from  sodium,  ignited  and  weighed  as  the  oxide  GdsOi.  The  results 
were  calculated  as  GdsCSOOt  and  as  the  equivalent  of  sulfur  trioxide. 
The  second  sample  was  diluted,  heated  to  boiling,  acidified  with  hydro- 
chloric add  and  the  total  SOs  predpitated  as  barium  sulfate  with  barium 
chloride.  This  gave  the  total  SOs,  and  by  subtracting  from  this  the 
SOs  in  combination  with  the  gadolinium,  the  amount  in  the  sodium  sulfate 
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was  obtained.    The  results  of  the  analysis  as  parts  per  loo  parts  of  water 
were  as  follows: 


Bottle. 

I 

2 

3 
4 
5 
6 

7 
8 

9 


Parts  of  Parts 

Gdt(SOi)«  of  NaiSOi 

per  100  per  100 

parts  of  water,  parts  of  water. 


2.15 
2.o8 
2.Q4 
0.76 
0.88 
0.17 
O.IO 
0.07 
0.07 


0.00 

0.42 

0.44 

0.47 
0.66 

1.26 

1.94 

3.01 

4.39 


Bottle. 
XO 
ZI 
12 
13 
14 
15 
16 

17 


Parts  of 

GdtCSOOt 

per  100 

parts  of  water. 

0.06 

0.05 

0.05 

0.06 

0.05 

0.05 

0.05 

0.05 


Parts 
ofNaiSOi 
per  100  4 
parts  of  water 

5.71 

7.46 

11.02 

15.74 
18.54 
22.02 
27.05 
27.40 


The  resulting  curve  is  shown  in  the  figure,  and  is  similar  to  that  oIk 
tained  for  samarium  sodium  sulfate.^  The  solubility  of  the  pure  gadolin^ 
ium  sulfate  at  25^  was  slightly  lower  than  that  given  by  Benedict.* 
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P^rfs  Na,S04  per  lOO  p^rtj  ofi^ater 


The  procedure  for  the  analysis  of  the  solid  phase  was  as  follows:  A 
sample  was  removed  by  means  of  a  platinum  spoon  and  pressed  dxj^ 
sWith  filter  paper.  It  was  then  well  mixed  and  divided  into  two  portions: 
which  were  weighed.  The  samples  were  then  transferred  to  beakers, 
dissolved  in  water  acidified  with  hydrochloric  add,  and  the  gadolinium- 
and  sodium  sulfates  determined  by  the  methods  used  above.  A  study 
of  the  ctuve  shows  that  there  is  probably  only  one  compound  formed 
between  the  two  sulfates.  The  lines  joining  the  points  of  the  liquid 
and  solid  phases  upon  the  triangular  diagram,  were  so  nearly  parallel 
that  the  point  of  intersection  could  not  be  settled  with  accuracy.  It 
appeared,  however,  that  the  probable  ratio  was  one  to  one.  In  oixler 
to  prove  this  the  solid  phase  was  taken  from  bottles  widely  separated* 
wa^ed  on  filter  paper  and  dried.  The  analyses  were  carried  out  as  be-- 
fore  described,  while  water  was  determined  by  difi'erence. 

GdtCSOOt.  NasSOi.  HiO.  Ratio. 

1 76.37  19.32  4.31 

2 76.30  19.25  4.45 

» Tms  JoxmNAL,  36,  634  (1914). 
*  Z.  anori.  Chem,,  22,  409  (1899). 
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Tliis  indicates  that  the  double  sulfate  has  the  ratio  1:1:2  and  the 
fonnula  Gdt(S04)s.NatS04.2HsO.  This  is  similar  to  the  compound 
with  potassium  sulfate  according  to  Benedict. 

DUBBAM,  N.  H. 


[Contribution  vbou  the  Chemical  Laboratories  of  New  Hampshire  Coixeoe.1 
THE  EXTRACTION  OF  BERYLLIUM  FROM  GADOLINITE. 

Bt  C  JamSS  AMD  G.  A.  F9BIMW. 
Received  Pebnuiry  10,  1916. 

The  most  important  elements  contained  in  gadolinite  comprise  beryllium 
and  those  of  the  rare-earth  family.  Usually  the  first  named  is  either  neg- 
lected or  else  separated  by  the  use  of  sodium  bicarbonate  or  ammonium 
carbonate.  Since  the  iron  group  precipitate  contains  no  aluminium,  or 
at  the  most  mere  traces,  the  beryUium  and  iron  may  be  separated  by 
the  use  of  an  excess  of  sodium  hydroxide.  The  writers  discovered  a 
much  simpler  method  which  consists  of  the  fractional  precipitation  of 
the  hydroxides  by  means  of  sodium  hydroxide.  When  a  concentrated 
solution  of  the  chlorides  or  sulfates  of  beryllium  and  ferric  iron  is  pre- 
cipitated with  sodium  hydroxide  at  the  boiling  point,  ferric  hydroxide^ 
or  a  basic  salt,  is  thrown  down  before  the  beryllium.  If  dilute  solutions 
be  used,  gludnum  hydroxide  accompanies  the  ferric  hydroxide  and  the 
separation  is  very  poor.  From  the  large  number  of  experiments  carried 
out,  the  following  seems  to  be  the  simplest  manner  for  working  up  the 
mineral: 

The  gadolinite  was  first  crushed,  and  then  finely  powdered  in  a  ball 
mill.  Both  sulfuric  and  hydrochloric  adds  were  used  in  .the  attack. 
Although  hydrochloric  add  at  first  seems  preferable,  it  is  much  inferior, 
since  heating  with  concentrated  sulfuric  add  rapidly  renders  the  silica 
insoluble.  The  decomposition  was  finally  carried  out  in  a  large  cast  iron 
vessd  capable  of  taking  seventy-five  kilos  at  a  charge.  The  vessd  was 
fixed  in  brickworki  and  the  mixture  heated  until  dense  white  fumes  of 
sulfuric  add  were  copiously  evolved.  The  sulfated  mineral  was  then 
stirred  with  water  in  a  large  copper  tank.  By  adding  the  material  slowly, 
the  temperature  was  not  allowed  to  rise,  and  a  strong  solution  of  the 
sulfates  was  obtained.  The  whole  was  then  left  until  the  silica  had  settled 
and  the  supernatant  liquid  had  clarified.  The  dear  liquid  was  siphoned 
off  and  predpitated  with  a  hot  solution  of  oxalic  add  and  allowed  to 
stand  for  about  twdve  hours.  The  crystalline  rare  earth  oxalates  were 
filtered  off  and  well  washed  with  boiling  water.  The  filtrate  from  the 
above,  containing  the  beryllium  and  iron,  may  be  treated  several  different 
ways,  the  best  aQ-round  method  being  as  follows:  The  solution  is  heated 
and  treated  with  some  oxidizing  agent,  such  as  potassium  bromate,  in 
order  to  remove  the  oxalic  add,  after  whidi  about  a  liter  of  ammonium 
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hydroxide  is  added,  followed  by  a  concentrated  solution  of  sodium  hydrox- 
ide until  the  odor  of  ammonia  makes  its  appearance.  The  whole  is  then 
well  boiled  and  the  hydroxides  separated  by  filtration*  It  is  advisable 
to  always  test  the  filtrate  for  beryllium  for  fear  that  an  excess  of  sodium 
hydroxide  has  been  added.  However,  the  end  point  as  shown  by  the  ap- 
pearance of  ammonia  is  usually  very  sharp.  This  operation  may  be 
carried  out  in  a  large  copper  tank  fitted  with  a  propeller.  The  next 
step  consists  in  separating  the  iron  and  beryllium.  The  hydroxides  are 
stirred  with  enough  hydrochloric  or  sulftuic  add  to  dissolve  about  two- 
thirds  of  the  whole.  This  should  bring  about  the  solution  of  all  the  beryl- 
lium together  with  some  iron.  The  mass  is  filtered  and  the  residue  tested 
for  beryllium.  If  the  latter  is  found  to  be  present,  another  extraction 
must  be  made.  The  add  extract  is  heated  to  boiling  and  carefully  pre- 
dpitated  with  sodium  hydroxide  until  a  small  amotmt  of  the  filtered 
liquid  gives  a  light  colored  predpitate  with  ammonium  hydroxide — 
showing  that  nearly  all  the  iron  has  been  removed.  The  liquid  is  separated 
by  filtration,  again  heated  to  boiling,  treated  with  a  small  amount  of 
sodium  h3rpobromite  and  predpitated  with  sodium  hydroxide  tmtil  a 
small  amount  of  the  liquid  gives  a  white  predpitate  of  hydroxide  when 
treated  with  ammonium  hydroxide.  The  mass  is  filtered  and  the  filtrate 
separated  from  the  last  traces  of  iron  by  adding  sodium  hydrogen  sulfide. 
The  two  last  residues  whidi  contain  beryllium  are  worked  up  with  the 
next  lot.  The  addition  of  ammonium  acetate  and  hydrogen  sulfide  before 
the  sodium  hydrogen  sulfide  helps  in  the  separation  of  traces  of  copper 
and  iron,  but  causes  trouble  in  the  final  predpitation  of  the  basic  beryllium 
carbonate.  The  addition  of  too  mudi  hypobromite  prevents  the  rapid 
separation  of  the  last  traces  of  iron,  owing  to  oxidation  of  the  sulfide 
produced.  After  the  removal  of  all  the  iron,  the  beryllium  is  thrown 
down  as  the  basic  carbonate  by  adding  a  concentrated  solution  of  sodium 
carbonate  to  the  boiling  liquid.  After  thoroughly  boiling,  the  predpitated 
basic  carbonate  is  filtered  off  and  well  washed  with  boiling  water.  It 
is  necessary  to  test  all  the  final  filtrates,  and  to  boil  off  all  hydrogen  sulfide 
before  predpitating  the  beryllium  as  basic  carbonate,  otherwise  a  product 
giving  a  greenish  oxide  is  obtained. 

Another  method  for  preparing  beryllium  basic  carbonate  from  the 
filtrate  after  the  separation  of  the  rare-earth  oxalates  is  appHcable  only 
when  the  liquid  is  very  rich  in  beryllium.  The  liquid  containing  the  iron 
and  beryllium  is  oxidized  to  repiove  the  oxalic  add  and  to  convert  the 
iron  to  the  ferric  condition,  and  then  predpitated  while  boiling  with  sodium 
hydroxide  until  nearly  all  the  iron  is  removed.  The  last  portions  of  iron 
are  removed  by  more  sodium  hydroxide  and  sodium  hydrogen  sulfide  as 
described  above. 

These  methods  for  the  separation  of  iron  and  beryllium,  although  of 
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no  use  quantitatively,  are  by  far  the  best  on  the  large  scale,  since  the  various 
stages  can  be  carried  out  with  great  rapidity.  The  resulting  beryllium 
product  is  entirely  soluble  in  sodium  bicarbonate,  a  test  which  Parscms 
has  shown  to  be  very  delicate.  The  separation  of  aluminium  from 
beryllium  will  be  described  in  a  later  paper. 

DUSHAM,   N.   H. 


[CONTUBimON  FROM  THE  MASaACHUSETTS  INSTITUTE  09  TBCBNOLOOT.] 

A  STUDY  OF  INDICATORS  FOR  THB  DETERMINATION  OF 
TEMPORARY  HARDNESS  IN  WATER. 

BT  JOBH  p.  NOKtOH  AMD  H.  L  Kmowimb, 
Received  Pebnunr  4.  191d. 

Temporary  hardness  in  water  is  due  largely  to  the  presence  of  caldqm 
and  magnesium  bicarbonates.  On  heating,  these  decompose  according 
to  the  equation 

Ca(HCO,),  —^  CaCO,  +  CQ«  +  HK). 

The  bicarbonates,  being  salts  of  a  weak  add  and  a  rdativdy  strong  base, 
are  hydrolyzed  in  solution,  imparting  alkaline  properties  to  the  water. 

Ca(HCO»),  +  2H«0  ^  Ca(OH),  +  2HtC0,, 

The  most  rapid  and  satisfactory  method  for  determining  temporary 
hardness  is  by  titration  of  the  alkali  with  standard  add  in  the  presence 
of  a  suitable  indicator.  For  this  latter  purpose,  methyl  orange  is  in 
quite  general  use,  although  the  comiiuttee  on  Standard  Methods^  of 
Water  Analysis  recommends  lacmoidycrythrosine  or  phenacetolin.*  Peters* 
suggests  alizarine,  while  Bladcer^  daims  that  dimethylamidoazobenzene 
gives  good  results.  Howard*  and  Pope  recommend  methyl  red  and 
certain  of  its  derivatives.  Rdcbard*  offers  an  inorganic  indicator — ^bis- 
muth ox3aodide. 

Indicators  are  weak  tautomeric  adds  or  bases.  According  to  Noyes' 
the  fundamental  equations  upon  which  the  theory  of  indicators  is  based 
are: 

(H+)-i=5!!  ^ 
a         y 

for  add  indicators  and 

I  "Standard  Methods  of  Water  Analysis/'  Am.  Pub.  H0aUh  Assn,,  zgza,  p.  37. 

*  We  are  informed  that  the  next  report  on  Standard  Methods  will  give  preference 
to  methyl  orange. 

•  A^Oh.  Zig.,  x8,  25  (1903). 
«  Chem.  Ztg.,  37i  56  (19"). 

•  /.  Chem.  Soc.,  99,  1333  (19"). 

*  Pkarm,  ZetUr.,  53,  1033  (1912). 
'  Tms  Journal,  3^  9i5  (1910). 
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(0H-)  =  -^ 


KiB 


—  a       y 
•or 

(H-)-IZl5    ^ 
a         KiB 

where  a  =  fraction  of  indicator  transformed;  7  =  ionization  of  indicator 
^t  formed;  Kja  and  Kib  =»  ionization  constants  of  acid  and  basic  in- 
dicators, respectively;  H+  and  0H~  =  concentration  of  these  ions  in  mds 
per  liter;  K«  »  ionization  constant  of  water.  "These  equations  express 
the  principle  that  in  any  titration  with  a  given  indicator  the  end  point 
(determined  by  color  change)  is  reached  when  the  H^*"  concentration  in 
the  titrated  solution  attains  a  definite  value.  This  value  varies  with 
the  ionization  constant  of  the  indicator  and  the  fraction  transformed."^ 

It  can  be  shown  mathematically  that  a  should  alwa3rs  be  a  relatively 
small  value,  usually  not  greater  than  25%  if  accurate  results  are  to  be 
obtained. 

The  use  of  indicators  in  water  analysis  differs  from  their  use  in  ordinary 
voltmaetric  work  on  accotmt  of  the  presence  of  a  variety  of  salts,  and  ol 
weak  adds,  both  organic  and  inorganic,  which  may  have  a  very  decided 
effect  on  the  results  obtained. 

Walker  and  Kay^  have  suggested  that  the  alkalinity  or  acidity  of  a 
water  be  expressed  in  terms  of  the  hydroxyl  or  hydrogen-ion  concentra- 
tion. It  will  be  seen  at  once  that  this  will  have  little  relation  to  the 
temporary  hardness,  which  should  also  include  the  "reserve"*  alkalinity 
or  acidity. 

The  problem  before  us  is  to  determine  the  range  of  hydrogen-ion  con- 
centrations corresponding  to  a  complete  neutralization  of  the  bicar- 
bonates  by  an  add,  induding  the  effect  of  the  presence  of  other  salts 
and  of  carbonic  add.  EZnowing  this,  we  will  then  choose  a  series  of  indi- 
cators haviDg  the  proper  constants.  This  series  will  then  be  subjected 
to  a  practical  test  on  waters  of  known  composition,  after  first  ascertain- 
ing the  best  end  point  for  each  indicator. 

Since  sulfate  of  alum  is  in  common  use  for  the  purification  of  water 
supplies,  it  seems  desirable  to  have  an  indicator  which  will  be  sensitive 
to  the  addity  produced  by  this  salt.  Comparative  tests  will  tberef<»e 
be  made  to  determine  this  property. 

Experimental  Part 

Hydrogen-Ion  Concentration  in  Titrated  Waters.— To  determine  this 
A  series  of  four  waters  was  concdved,  analogous  in  composition  to  neu- 
tral waters  so  far  as  concerns  those  constituents  which  might  affect  indi- 

*  Tras  JouRNAi.,  33,  821  (1910). 

«  /.  Soc.  Chem.  Ind.,  31,  1013  (1912). 

*  Washburn,  Proc,  lU.  Water  Supply  Assn.,  93,  lox  (1910). 
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cator  end  points  (Table  I).  Solutions  were  then  made  up  to  xepreaent 
the  composition  of  these  waters  after  the  bicarbonates  had  been  neu- 
tralized  with  hydrochloric  add  (Table  II). 

Table  I.  Table  II. 

Compodtion  of  Synthetic  Waters.  Composition    of    Ssmthetic    Waters^ 

"After  Titration." 

Parts  per  million.  Parts  per  million. 


I.          n.     III.  IV.                                                I.         n.  lU.  IV. 

Ca(HCOi)s 61       122    202  243  CaCIs 42        83  140  194 

Mg(HCOi)s 30        60      60  90  MgCls 20        39  39  59 

MgS04 25  25  MgSO< 25  25 

Cadi 28  HfCOi^ 92      184  287  409 

HsCOi 20        40      80  100 

The  hydrogen-ion  concentration  of  each  of  these  waters  was  then  de- 
termined by  the  method  suggested  by  Walker  and  Elay,*  and  the  follow- 
ing results  obtained: 

Water.  I.         *  II.  III.  IV. 

H+oonc.  5  X  lo"^  io~*  2  X  io~*  3  X  io~* 

On  the  basis  of  these  results  it  was  decided  to  test  only  those  indicators- 
which  change  color  between  H+  ion  concentrations  of  io~*  and  lo"*. 
The  three  recommended  by  Standard  Methods  were  also  included.  Table 
III  gives  a  list  of  those  chosen,  together  with  the  H+  ion  concentratioa 
at  the  color  change,  and  the  composition  of  the  indicator  solutions. 

Tabls  III. — ^Indxcatqks. 

H+  cone,  at 
Indicator.  color  change.* 

Dimethylamidoazobenzene  (butter-yellow)     io~* 

Sodium  alizarine  sulfonate io~* 

Methyl  red i  ©-• 

Gallein io~* 

Methyl  orange io~* 

Lacmoid 

Erythrosine 

Fhenacetolin 

An  inorganic  indicator,  bismuth  oxyiodide,  was  also  made  up  accord- 
ing to  directions  given  by  its  discoverer,  Reichard.*  A  light  yellow 
solution  resulted,  of  color  intensity  equal  to  that  given  by  a  few  drops 
of  methyl  orange  in  100  cc.  of  water.  In  the  presence  of  alkali  this  indi- 
cator became  colorless,  but  a  subsequent  addition  of  add  failed  to  re- 
produce but  a  part  of  the  original  yellow.  Because  of  this  fact,  and  of 
its  small  coloring  power,  this  indicator  appeared  to  be  impracticable. 

^  It  has  been  assumed  that  HsCOi  has  not  escaped  in  titrating, 

*  /.  Sac.  Chem.  Ind.,  31,  1013  (1912). 

*  Salm.,  Z.  physik.  Chem,,  57,  471  (1906). 

*  Pkarm.  Zentraildai,  33,  1033  (1912). 


Soln. 

8 

.  per  100  cc 

0.2 

95%  alcohol 

O.I 

water 

o.x 

95%  alcohol 

0.1 

water 

O.I 

10%  alcohol 

0.1 

95%  alcohol 

o.oi 

water 

0.2 

50%  alcohol 
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Determination  of  Color  for  Bnd  Point— The  determination  of  a  prac- 
tical working  end  point  for  each  indicator  was  next  considered.  To  ac- 
complish this,  I  to  2  cc.  of  the  indicator  (according  to  its  color  strength)i 
were  added  to  lOo  cc.  of  water.  To  half  of  this  were  added  i  to  2  cc 
of  strong  add  and  to  the  other  i  to  2  cc.  of  strong  alkali.  This  gave 
the  two  color  forms  of  the  indicator  corresponding  to  100%  transforma- 
tion. Thus  in  the  case  of  butter-yellow  or  methyl  orange,  a  yellow-  and 
a  red-colored  solution  were  obtained.  The  solution  containing  the  alkali 
was  then  potu-ed  into  a  "Petri"  dish.  Portions  of  the  add  colored  solu- 
tion, say  5  cc,  7Va  cc,  and  10  cc,  were  taken  and  diluted  to  50  cc.  with 
distilled  water.  The  solutions  thus  obtained  were  poured  into  *' Petri" 
dishes.  By  placing  these  dishes  successively  over  that  containing  the 
alkali-colored  solution,  the  color  at  end  points  corresponding  in  this  case 
to  10%,  15%  and  20%  change  from  alkaline  to  add  reaction  of  the  indi- 
cator was  approximatdy  obtained.  To  get  the  true  color  at  the  end 
point,  which  by  trial  in  this  way  proved  to-be  a  good  one,  a  portion  of 
the  alkali-colored  solution  equal  to  that  of  the  acid-colored  solution  used 
to  give  this  suitable  end  point  color,  was  taken  out  and  replaced  by  dis- 
tilled water.  Thus  if  a  good  end  point  for  butter-yellow  was  given  by 
a  15%  transformation,  yVa  cc  of  the  yellow  alkali  solution  would  be  re- 
placed by  water,  giving,  when  the  two  colors  were  combined  (85%  yd- 
low  and  15%  red),  the  true  color  at  an  end  point  corresponding  to  15% 
transformation  of  the  indicator. 

By  such  a  knowledge  of  the  fraction  of  the  indicator  transformed  from 
the  color  in  alkaline  solution  to  that  in  add  solution,  an  end  point  to 
which  that  indicator  could  always  be. titrated  was  definitdy  fixed;  and 
the  need,  therefore,  of  endeavoring  to  remember  the  color  at  this  suit- 
able end  point  was  diminated.  The  indicators  studied  in  this  way, 
and  their  fractions  transformed  from  alkaline  solution  to  add  at  a  suit- 
able end  point  are  given  in  Table  IV. 

Tabi*»  IV. 

Fraction  transfonned.  Fraction  transformed. 

Indicator.  Percent.  Indicator.  Percent 

Butter-yellow^ 12                   Lacmoid 25 

Sodium  alizarine  sulfonate.  30                   Pfaenacetolin 25 

Methyl  red 10                   Methyl  orange 15 

Gallein (about)  100 

Gallein  was  discarded  because  of  its  very  indefinite  end  point. 

Titration  with  Indicators. — ^With  the  indicators  thus  chosen  and  their 
suitable  end  points  known,  a  series  of  waters  was  made  up  and  titrated. 
In  titrating,  100  cc.  Nessler  tubes  were  used  in  place  of  the  " Petri"  dishes, 
the  shade  given  by  these  two  tubes  when  hdd  one  before  the  other,  and 
*  Dimethylamidoazobenzene:  For  convenience  .this  will  be  hereafter  designated 
by  its  trade  name.  Butter-yellow. 
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viewed  by  transtaitted  light,  gave  the  color  at  the  determined  satisfactory 
end  point.  Table  V  gives  the  compositicm  of  the  artificial  waters  used^ 
while  Table  VI  shows  the  results  obtained  in  titrating  loo  cc.  of  the  water 
with  hydrochloric  add  (about  0.008  N). 

Taslb  V. 
Composition  of  Artificial  Waters,  Series  No.  x. 

Farts  per  miUion. 

L  n.  in.  IV. 

Ca(HCOi)t 148  29.6  49.2  59.1 

Mg(HCOi)t 30.0  60.0  60.0  90.0 

MgSOi 25.0  25.0 

CaClf 28.0 

HtCOi^ 9.0  22.0  22.0  28.0 

Table  VI. 
Titration  of  Artificial  Waters,  Series  No.  x. 

L  II.              in.              IV. 

Hardness  (calculated)* 29.6  59.4           71.4  98.0 

Indicator*  Hardncit  f cmiuL 

Methyl  red  (i  mg.) 12.8  30.2            36.x  48.6 

Soditim  alizarine  sulfonate  (2  mg.) . .      5.7  7.8             7.4             8.6 

Methyl  orange  (i  mg.) 25.9  54.0           64.3  87.4 

Loctnoid' (2  xng.) 24.8  52.3           63.0  85.5 

Phenacetolin*  (4  mg.) 23.6  52.4           63.1  86.5 

Butter-yellow  (0.5  mg.) 29.6  59.6           71. 5  98.6 

These  restdts  show  dearly  that  butter-3rellow  is  the  best  indicator  to 
use  in  titrating  bicarbonates  in  the  presence  of  carbonic  add.  Methyl 
orange,  methyl  red  and  sodium  alizarine  sulfonate  give  low  results,  while 
lacmoid  and  phenacetolin  not  only  give  low  figures,  but  it  was  found 
that  a  series  of  end  points  could  be  obtained  by  var3ring  the  heating  of 
the  solution  before  final  titration.  To  determine  the  end  point  to  which 
methyl  orange  would  have  to  be  titrated  in  order  to  give  accurate  results 
in  the  case  of  water  No.  IV,  100  cc.  were  taken,  i  mg.  of  indicator  added 
and  the  required  amount  of  add  for  neutralization  run  in.  The  color  of 
this  solution  was  a  deep  orange  and  corresponded  to  over  50%  trans- 
formation of  the  indicator.    Such  an  end  point  is  hardly  practicable. 

Butter-yellow  was  next  compared  with  erythrosine.  The  latter  was 
used  both  in  the  presence  of  ether  and  of  chloroform,  the  titration  in 
both  cases  being  done  in  glass-stoppered  bottles.  The  ether  solution 
was  made  by  dissolving  0.025  g.  of  indicator  in  100  cc.  of  ether  which  had 
been  washed  with  weak  alkali  and  then  with  distilled  water  until  it  was 
neutral  to  rosolic  add.  10  cc.  of  this  ether  solution  were  added  to  the 
water  to  be  titrated.    Using  er3rthrosine  in  conjunction  with  chloroform, 

*  Approximate. 

*  Hardness  expressed  as  parts  of  CaCOi  per  million. 

*  Solution  brought  to  boiling  before  fitiialiing  titration. 
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2.5  cc.  of  a  water  solution  of  indicator  (i  :  loooo)  and  5  cc  of  neutral 
chlorofonn  were  added.  As  this  amount  of  indicator  was  found  to  giye 
low  results,  the  amount  was  increased  to  5  cc.  Table  VII  gives  the  com- 
position of  the  waters  used  and  Table  VIII  the  results  obtained. 

Tablh  VII. 
Compodtkm  of  Waters  I  to  III,  Series  No.  2. 

PMtsper  miUioB. 

S^t.  L                    n.  m. 

Ca(HCOi)t 30.0  70.0  100. o 

Mg(HCOi)f 10. o  30.0  40.0 

CaCls lo.o  20.0  30.0 

MgS04 5.0  lo.o  20.0 

HiCOi* i.o                 2.0  2.0 

Tabuj  VIII. 
Titration  of  Waters  I  to  III,  Series  No.  2. 

I.  II.  nL 

Hardness  (calculated) 25.4  63.8  89.2 

Indicator.  Hardness  found. 

Butter-yellow  0/4  mg.) 36.3  64.5  88.8 

Erythrosine  (in  ether) 26.0  62.7  83.x 

Erythrosine*  (2.5  CO.) 24.7  61. z  82.9 

Erythrodne*  (5  cc.) 25 .6  63 .0  83.6 

Erythrosine  also  gives  slightly  lower  results  than  butter-yellow,  the 
discrepancy  increasing  with  the  hardness.  Ether  solution  is  slightly 
better  than  chloroform,  but  not  sufficiently  so  to  overcome  the  disadvan- 
tage of  the  ether  due  to  the  escape  of  small  amounts  when  the  stopper 
is  removed  from  the  bottle.  Butter-yellow  has  again  been  shown  to  give 
excellent  results. 

In  order  to  still  more  rigidly  test  the  effect  of  the  presence  of  carbonic 
add,  waters  containing  excessive  amounts  were  analyzed  with  the  results 
as  shown  in  Table  IX. 

Taslz  IX. 
Analysis  of  Waten  I  and  II,  Series  No.  3. 

Parts  per  million. 

I.                     II.  m. 

Hardness  (calculated) 22.0              66.9  95.9 

HaCOi iiio.o            1x50.0  117. o 

HardneM  found. 

.  Lacmoid  (100  %  trans.) 22.4               64.3  90.9 

Erythrosine  (5  CO.) 16.8               51.6  80.0 

Butter-yellow  (Vi  mg.) 22 .6               63 .  i  95 .6 

Sensitiveness  of  Indicators  to  Alum. — ^It  is  sometimes  necessary  to 
tise  an  indicator  which  is  sensitive  to  small  amounts  of  add  such  as  exist 
in  waters  which  have  been  overdosed  with  alum.    The  indicators  used 

^  Approximate. 
*  In  cbloroform. 
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above  were  therefore  tested  to  determine  their  sensitiveness  to  alum  by 
adding  a'  known  alum  solution  to  100  cc.  of  distilled  water  containing 
the  indicator,  until  the  color  change  was  obtained.  The  color  was  then 
duplicated  by  using  standard  add.    The  results  are  given  in  Table  X. 

TablsX. 

Sensitiyeness  of  Indicators  to  AIiCSOOi. 

A]|(SO0t  added  <fai  Cc.  HCl  oor- 

Indicator.  parts  per  infllion).  reiponding. 

Butter-3reUow 25  0.3 

Methyl  orange 15  0.3 

Phenacetotin^ 3  o.i 

Lacmoid^ 2  o.  i 

Butter-yellow* 10  0.3 

Soditun  alizarine  sulfonate,  erjrthrosine  and  congo  red  were  tried, 
but  found  impracticable  on  account  of  color  lake  formation.  When 
phenacetolin  and  lacmoid  were  used,  the  solution  was  previously  heated 
in  order  to  have  conditions  the  same  as  in  the  determination  of  alkalinity 
with  these,  indicators.  It  is  evident  from  the  above  values  that  lacmoid 
€Uid  phenacetolin  are  the  most  sensitive  indicators,  while  butter-yellow 
is  in  about  the  same  class  with  methyl  orange. 

Since  lacmoid  possessed  the  admirable  quality  of  being  highly  sensitive 
to  alum,  an  effort  was  made  to  increase  the  accuracy  of  this  indi- 
cator in  the  determination  of  alkalinity.  The  end  point  of  the  indicator 
was,  therefore,  extended  from  a  25%  transformaticni  to  nearly  100%, 
or  total  transformation;  that  is,  to  a  red.  This  end  point,  it  may  be  ob- 
served, is  one  which  approaches  more  closely  that  obtained  by  using  lac- 
moid acdording  to  the  procedture  given  by  Standard  Methods  for  the 
determination  of  alkalinity.  Table  IX  gives  the  data  and  it  is  evident 
that  but  little  better  results  were  obtained. 

Accurate  Bnd  Point  for  Butter-Tellow. — In  order  to  always  titrate 
to  the  same  end  point,  and  still  avoid  the  rather  long  method  for  ob- 
taining it  as  described  above,  the  following  directions  were  worked  out, 
which  give  the  proper  color  with  a  minimtam  of  effort.  To  100  cc.  of  dis- 
tilled water  add  o.  i  cc.  of  an  alcohoUc  solution  of  butter-yellow  (2  :  1000) 
and  0.40  cc.  of  0.02  AT  sulfuric  add.  Titrate  the  unknown  solution, 
containing  the  same  amount  of  indicator,  until  the  color  matches  that 
of  the  standard. 

Summary. 

(i)  Butter  yellow  (dimethylamidoazobenzene)  is  the  best  indicator 
to  use  in  titrating  the  bicarbonate  alkalinity  (temporary  hardness)  of 
natural  waters. 

(2)  Lacmoid  gives  the  best  results  in  the  presence  of  alum,  but  low  re- 
sults are  obtained  in  determining  bicarbonates.  For  low  alkalinities 
*  Temperature  of  solution  90-95  '. 
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the  difference  is  negligible,  but  its  use  is  not  to  be  recommended  where 
the  alkalinity  is  over  loo. 

(3)  A  standard  color  is  recommended  for  titrations  with  butter-yellow. 


[CONTRIBinrzON  FROM  THE  SCHOOi;  OF  CHBMISTItY  OF  THB  UNIVBRSITY  OF  VnLOmiA.) 

A  RAPID  METHOD  FOR  THE  ESTIMATION  OF  COPPER  AHD 

IRON. 

Bt  Gkabak  Bdoab. 
Received  January  27,  1916. 

The  insolubility  of  cuprous  thiocyanate  in  dilute  add  solutions  has 
•formed  the  basis  for  a  number  of  methods  for  the  estimation  of  copper. 
Without  attempting  to  give  complete  references  to  the  literature  on  this 
subject  it  may  be  pointed  out  that  Rivot^  and  Van  Name*  have  shown 
that  the  gravimetric  estimation  of  copper  as  cuprous  thiocyanate  is  ac- 
curate under  properly  regulated  conditions,  while  Volhard,*  Guess,^ 
Jamieson,^  and  others,  have  based  volumetric  processes  upoQ  the  same 
precipitation.  The  accuracy  of  the  volumetric  processes  seems  to  be 
questioned  by  many  reference  books  on  analytical  chemistry.  Thus 
Low'  states  that  cuprous  thiocyanate  is  sufficiently  soluble  to  necessitate 
the  use  of  empirical  tables  in  calculating  the  results  of  Guess's  method, 
while  Sutton^  states  that  Volhard's  method  is  inappUcable  in  the  presence 
of  iron.  These  statements  seem  to  be  contradicted  by  the  results  ob- 
tained by  Van  Name,  Volhard,  and  by  the  results  given  in  the  present 
paper. 

While  engaged  in  the  investigation  of  certain  reactions  of  cuprous 
thiocyanate  the  writer  was  impressed  by  the  simpUdty  and  accuracy  of 
the  Volhard  method,  and  carried  out  preliminary  experiments  which  re- 
sulted in  a  modification  of  the  Volhard  procedure  by  which  not  only  cop- 
per, but  iron  associated  with  it,  may  be  rapidly  and  aociarately  estimated. 
The  principles  involved  are  as  follows:  (i)  the  copper  is  precipitated  as 
cuprous  thiocyanate  and  iron  reduced  to  the  ferrous  state  by  the  action 
of  sulfur  dioxide  and  standard  NH4CNS  solution;  (2)  the  excess  of  sulfur 
dioxide  is  removed  by  boiling,  a  cturent  of  carbon  dioxide  being  passed 
into  the  solution  meanwhile.  The  solution  is  then  cooled  and  filtered; 
(3)  the  filtrate  is  treated  with  an  excess  of  standard  AgNOs  solution, 
and  is  then  titrated  for  iron  with  standard  KMnOi  solution;  (4)  the 
1  Compt.  rend,,  38,  868  (1889/. 

*  Z.  anorg.  Chem,,  a6,  230  (1901). 
»Z.  anal.  Chem.,  18,  285  (1879). 

<  Low,  "Tcchn.  Meth.  of  Ore  Analysis,"  7th  ed, 
»  This  Journai,,  30,  760  (1909). 

•  Loc,  ciu 

»  "Vol.  Meth.  of  Anal.,"  loth  ed.,  p.  200. 
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copper  is  then  determined  by  titrating  the  silver  present  in  excess  in  the 
solution  with  standard  NH4CNS. 

The  technique  finally  adopted  is  as  follows:  The  solution  containing 
copper  and  iron,  together  with  some  sulfuric  add,  is  nearly  neutralized 
with  NH4OH  or  Na«COs.  It  is  then  saturated  with  sulfur  dioxide  (either 
by  passing  the  gas  into  the  solution,  or  by  adding  a  solution  of  the  gas  in 
water,  or  a  solution  of  ammonium  bisulfite)  and  heated  to  incipient  boil- 
ing. At  this  point  sufficient  standard  NH4CNS  solution  is  added  from 
pipet  or  buret  to  ^precipitate  all  of  the  copper.  With  a  little  practice 
there  is  no  difficulty  in  determining  when  an  excess  has  been  added.  The 
iron  is  usually  not  completely  reduced  at  this  time,  and  the  reddish  color 
of  ferric  thiocyanate  persisting  for  a  few  moments  throughout  the  solu- 
tion serves  to  show  that  the  precipitation  of  copper  is  complete;  or  the 
precipitate  may  bei  allowed  to  settle  a  little,  and  the  supernatant  liquid 
tested  with  additional  NH4CNS.  The  solution  is  then  boiled  vigorously 
for  ten  minutes,  a  current  of  carbon  dioxide  being  meanwhile  passed  into 
it.  This  serves  to  remove  the  last  traces  of  sulfur  dioxide,  and  the  boil- 
ing serves  to  coagulate  the  precipitate  and  render  it  easily  filtrable.  After 
the  boiling  the  flask  containing  the  solution  is  placed  in  cold  water  to  cool 
for  a  few  minutes,  the  current  of  carbon  dioxide  being  kept  up  in  order 
to  prevent  the  re-oxidation  of  the  hot  ferrous  solution.  The  solution  is 
now  filtered  through  paper,  or  preferably  through  asbestos,  and  is  washed 
with  cold  water.  It  shows  no  tendency  whatever  to  run  through  the 
filter.  The  filtrate  is  treated  with  a  few  cc.  of  dilute  sulfuric  acid,  and 
then  there  is  added  sufficient  standard  AgNOs  solution  to  precipitate 
the  excess  of  NBUCNS.  (If  desired  a  little  ferric  sulfate  may  be  added 
to  show  when  precipitation  is  complete.)  The  solution  is  now  titrated 
for  iron  with  standard  KMnOi  solution  in  the  usual  way.  When  the  end 
point  is  reached  the  color  of  the  KMn04  is  removed  by  the  addition  of 
a  trace  of  ferrous  sulfate,  and  the  excess  of  silver  present  in  the  solution 
is  at  once  determined  by  titration  with  standard  NH4CNS  solution. 
If  there  is  much  iron  present  it  will  serve  as  indicator,  otherwise  ferric 
sulfate  solution  may  be  added  for  this  purpose. 

The  iron  is  calculated  in  the  usual  way  from  the  amount  of  KMnOi 
solution  used;  the  copper  is  calculated  from  the  difference  between  the 
total  volume  of  ammonium  thiocyanate  and  the  volume  equivalent  of 
the  silver  nitrate  (solution)  added  (i  cc.  of  o.  i  iV  NH4CNS  is  equivalent 
to  0.006357  g.  of  Cu). 

The  whole  determination  requires  practically  no  more  time  than  that 
usually  required  for  the  estimation  of  copper  alone,  and  in  addition  is 
highly  accurate,  as  the  results  in  Table  I  show. 

The  method  is  admirably  adapted  to  the  analysis  of  ores.  In  most 
cases  the  ore  is  decomposed  with  cone.  HNO3  and  cone.  HCl  in  the  usual 
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way.  It  is  then 'heated  with  HtS04  until  all  of  the  HNO»  and  HCl,  and 
most  of  the  H2SO4  has  been  removed.  After  diluting  with  water  it  is 
in  most  cases  ready  for  treatment  as  described  above,  without  even  fil- 
tering off  the  insoluble  residue.  Of  course  in  the  case  of  ores  not  decom- 
posable by  the  add  treatment,  fusion  methods  may  be  adopted,  the  tech- 
nique being  thereafter  modified  accordingly.  Silver,  if  present  in  suffi- 
cient quantity,  must  be  removed  as  chloride  by  filtration,  before  evap- 
orating with  H8SO4. 

Tabls  I. 

Standard  solutions  of  copper  sulfate  and  ferric  alum  were  mixed  ia  varying  propor. 

tions,  diluted  to  about  50  cc.,  and  analyzed  as  described  above. 


No. 

Cu 

Uken. 

G. 

Cu 

found. 

G. 

Error 
Cu. 
G. 

Pe 

taken. 

G. 

Pe 

found. 
0. 

Error           NHiCNS^ 
Pe.            for  Utr.  oc. 
G.       N/10  X  1.3156. 

KMnOioe. 

N/lOX 

1.0024. 

I 

0.0318 

0.0318 

ifco 

.0000 

.... 

.... 

.... 

1.40 

. .  .• 

2 

0.0318 

0.0317 

—0 

.0001 

.... 

.... 

.... 

1.38 

. .  .• 

3 

0.0636 

0.0635 

—0 

.0001 

.... 

.... 

.... 

5.19 

.  ..• 

4 

0.0636 

0.0634 

— 0 

.0002 

.0.2464 

0.2464 

■feo.oooo 

5.17 

44.00* 

5 

0.0636 

0.0635 

—0 

.0001 

O.X232 

0.1233 

+0.0001 

5.19 

22.02* 

6 

0.0318 

0.0319 

+0 

.oooz 

0.2464 

0.2466 

+0.0002 

1. 41 

44.04* 

7 

0.0636 

0.0635 

— 0 

.0001 

0.0493 

0.0493 

^O.CXX)0 

5.18 

8.8o* 

8 

0.1589 

0.1589 

i*s0.0000 

0.0246 

0.0246 

ibo.OOOO 

1.60 

4.40» 

9 

0.0636 

0.0635 

— 0 

0001 

0.1232 

O.1231 

— O.OOOI 

5.19 

21.98* 

10 

0.0636 

0.0636 

•*«o 

0.1232 

0.1232 

>^O.CXX)0 

5.21 

22  .CO* 

II 

0.0318 

0.0318 

•*«o 

0000 

0.1232 

0.1234 

+0.0002 

1.39 

22.04* 

13 

0.0636 

0.0635 

—0 

0001 

0.1232 

0.1232 

^0.0000 

5.19 

22.00* 

In  the  writer's  experience  the  method  is  much  more  rapid  than  the 
iodide  process  of  Low*  for  copper,  and  gives  the  amount  of  iron  present 
without  an  additional  determination. 

As  an  example  of  the  applicability  of  the  method  to  the  rapid  anal3rsis 
of  ores  the  following  will  serve: 

An  ore  analyzed  for  copper  by  Low's  meth9d  gave  13.05  and  13.07% 
Cu  in  two  determinations.  The  same  ore  analyzed  by  the  method  pro- 
posed above  gave  13.12  and  13.12%  Cu,  and  45.44  and  45.50%  Fe  in 
two  determinations.  The  time  required  for  determining  both  copper 
and  iron  by  the  new  procedin-e  was  considerably  less  than  that  required 
for  the  determination  of  copper  alone  by  the  Low  method. 

Summary. 

A  modification  of  Volhard's  method  for  the  estimation  of  copper  is 
suggested  by  which  copper  and  iron  may  both  be  determined  in  the  same 

1  In  Expt.  8,  25  cc.  of  NH4CNS  were  uaed  for  precipitation  of  the  CuCNS. 
In  all  of  the  others  10  cc.  were  used.  In  every  experiment  the  excess  of  NH«CNS 
was  precipitated  by  the  addition  of  10  cc.  of  o.i  ^  AgNOi.  The  figures  in  Col.  7 
refer  to  the  final  titration. 

*  Reduced  with  SOs. 

•  Reduced  with  NH4HSO1. 
« Loc.  cU. 
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solution,  the  copper  being  precipitated  as  cuprous  thioc3ranate  by  stand- 
ard NH4CNS  solution  and  the  iron  estimated  by  titration  with  standard 
KMn04  solution. 

This  method  gives  highly  accurate  results  for  both  elements  and  re* 
quires  a  minimum  of  time  for  its  completion. 

The  method  is  especially  adapted  to  the  rapid  estimation  of  copper 
and  iron  in  ores. 

XJnawmtn  o»  VnomiA. 


NOTES. 

Note  on  the  Blackening  of  Yellow  Phosphorus.— The  sticks  of  yellow  < 
phosphorus  in  two  laboratories  in  Colombo  were  found  in  time  to  beqsme 
covered  with  a  dull  black  coating.  In  one  case  the  phosphorus  had  been 
kept  in  a  stone  jar  and  in  the  other  in  a  glass  bottle  in  a  dark  store-room. 
The  experiments  recorded  below  were  undertaken  with  the  object  of  dis- 
covering the  nature  and  cause  of  the  blackening. 

A  quantity  of  yellow  phosphorus  was  purified  by  melting  under  a  solu- 
tion of  potassium  bichromate  and  concentrated  sulfuric  add  and  leaving* 
overnight;  the  still  liquid  phosphorus  was  then  washed  many  times  with* 
distilled  water  and  was  solidified  in  the  form  of  small  globules  by  violent 
shaking. 

Small  quantities  of  the  pure  phosphorus  were  sealed  up  in  glass  tubes, 
two  of  which  (A)  contained  distilled  water  and  two  (B)  tap  water  (anyi 
oxygen  in  the  small  air  space  would  soon  be  absorbed  by  the  phosphonis).  • 
Small  quantities  were  also  placed  in  glass  botties  loosely  plugged  withi 
cotton  wool  to  exclude  dust  and  two  of  these  botties  (C)  contained  tap 
water  and  two  (D)  distilled  water.  < 

One  of  each  of  the  vessels  A,  B,  C  and  D  was  placed  in  a  dark  cupboard^ 
and  the  remaining  four  were  kept  in  the  light.  The  contents  were  ex- 
amined after  seven  months.  The  sealed  tubes  containing  distilled  and  tap 
water  which  were  kept  in  the  dark,  appeared  to  have  undergone  no  change, 
while  the  corresponding  tubes  which  had  been  kept  in  the  light  merely 
showed  reddening  due  to  the  formation  of  red  phosphorus.  Another 
tube  which  contained  melted  phosphorus  and  distilled  water  and  which 
had  been  kept  in  the  light  also,  became  covered  on  the  surface  with  red 
phosphorus  but  still  remained  liquid  at  the  end  of  seven  months  and  only 
soUdified  on  shaking  vigorously;  an  interesting  example  of  supercooling. 

In  the  case  of  the  vessel  whose  contents  were  exposed  to  air  both  those 
containing  tap  water  showed  slight  blackening,  while  that  containing  dis- 
tilled water  and  kept  in  the  dark  had  a  white  coating,  the  nattu-e  of  which 
is  still  being  investigated;  possibly  the  white  coat  is  the  suboxide  P4O, 
the  existence  of  which  has  been  asserted  by  Michaelis  and  Pitsch^  and 
*  Ber.,  3a,  337  (1899)- 
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others  but  was  denied  by  Chapman  and  I/idbtuy^  and  by  Burgess  and 
Chapman.* 

The  experiments  seemed  to  indicate  that  the  blackening  is  caused  by 
some  impurity  in  the  tap  water,  the  negative  results  in  the  case  of  the  sealed 
tubes  containing  tap  water  being  due  to  the  much  smaller  quantity  of 
water  used  than  in  the  case  of  the  bottles. 

A  small  quantity,  2  or  3  g.,  of  the  black  coating  was  obtained  by  scraping 
the  sticks  under  water;  the  black  solid  was  shaken  with  carbon  disulfide, 
separated  and  heated  in  a  crucible;  by  this  means  all  traces  of  phosphorus 
must  have  been  removed;  the  solid  was  then  heated  with  concentrated 
nitric  add  to  dryness  several  times  and  the  residue  was  extracted  with 
dilute  sulfuric  add  and  was  tested  for  the  metals  with  a  positive  result 
for  copper;  the  remaining  solid  was  again  treated  with  nitric  add  and  this 
solution  gave  the  test  for  phosphoric  add  with  ammonium  molybdate. 

Vogd,  in  1836,'  stated  that  yellow  phosphorus  acts  on  copper  sulfate 
solution  with  the  production  of  copper  phosphide.  The  reaction  has  been 
studied  by  Straub/  who  found  that  a  dark  film  of  copper  phosphide 
was  formed  on  3rellow  phosphorus  in  two  months  with  a  solution  contain- 
ing only  one  gram  molecule  of  copper  sulfate  in  one  million  liters  of  water. 

A  piece  of  copper  wire  was  deaned  and  placed  in  distilled  water  with 
some  pure  phosphorus  and  in  two  days  both  the  wire  and  the  phosphorus 
were  covered  with  black  phosphide.  It  seems  likdy,  therefore,  that  the 
blackening  observed  was  due  to  small  traces  of  copper  salts  derived  either 
from,  the  water  taps  or  from  the  copper  tongs  used  to  remove  the  phos- 
frfiorus  from  the  water  (in  another  laboratory  here,  where  only  iron  tongs 
are  used,  no  blackening  was  observed).  The  experiments  make  it  dear 
that  phosphorus  should  be  kept  in  distilled  water,  in  stoppered  jars,  in 
the  dark,  and  that  iron  tongs  should  be  used  to  remove  the  stidcs  when 
necessary.  Wili«iam  Norman  Rae. 

CSTLOM   MSDICAL   COLL«0«. 

Pebmafj  H.  1916. 


Saponification  of  Esters. — ^We  are  repeating  the  work  on  the  saponi- 
fication of  esters  by  aqueous  solutions  of  salts,  and  find  values  for  methyl 
acetate  which  are  lower  than  those  earher  recorded  in  This  Journai^,  38, 
105  (19 16).  This  is  espedally  true  of  some  of  the  strongly  hydrated 
salts. 

Furthermore,  the  results  that  we  are  now  obtaining  under  apparently 
the  same  conditions  are  not  satisfactorily  concordant  with  one  another. 

*  /.  Chem,  Soc.,  75,  973  (1899). 

*  Ibid.,  79,  1235  (1901). 

»  /.  prakt.  Chem.,  8,  109  (1836). 

*  Z.  anarg.  Chem.,  35,  460  (1903). 
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We  are  unable  to  explain  fully  the  lower  values  now  being  found  and  the 
lack  of  concordance  of  the  results.  The  latter  fact  would  indicate  the 
presence  of  some  tmknown  catalyzer,  possibly  the  surface  of  the  glass 
vessels  in  which  the  reaction  takes  place. 

The  work  is  being  pushed  forward  as  rapidly  as  possible,  and  we  hope 
in  the  near  future  to  throw  more  hght  on  this  phase  of  the  problem. 

H.  C.  JONBS. 

BALTmoBS,  Md. 


CORRECTIONS. 

"The  Calomel  Standard  Cell,"  by  G.  F.  Upscomb  and  G.  A.  Hulett, 
This  Journal,  38,  20. 

Page  24.    Column  "July  12,"  0.67098  should  be  0.67078. 
Column  *'Apr.  24,"  0.67044  should  be  0.67024. 
Page  25,  line    9.    .o525(T  —  25)*  should  be  — .ooooo25(T  —  25)*. 
Page  25,  line  15.    For  0.67159  read  0.67139. 

Page  25,  line  18.    For  0.67159  read  0.67139  and  for  30060  read  30047. 
Page  25,  line  22.    For  HgClt  read  Hg^Cla. 


(CoimuBUYioN  nioM  tbb  CnBincAL  Laboratory  op  Harvard  TJNivSRsiTy.) 

THE  ADDITION  OF  ALIPHATIC  KITRO  COMPOUITOS  TO 
UNSATURATED  COlffPOUNDS. 

Bt  B.  p.  Kohlsk. 
Received  January  20,  1916. 

The  object  of  this  investigation  was  to  find  a  method  for  preparing 
cydopropane  derivatives  that  have  a  nitro  group  in  combination  vrith 
one  of  the  carbon  atoms  of  the  ring.  Substances  of  this  type  are  ui»- 
known  and  they  cannot  be  made  by  any  of  the  means  commonly  em- 
ployed for  making  aliphatic  nitro  compounds.  It  was  necessary,  there> 
fore,  to  make  a  suitable  aliphatic  nitro  compound  first  and  then  to  dose 
the  cydopropane  ring.  A  promising  series  of  reactions  for  this  purpose 
is  represented  by  the  following  equations: 

RCHCHjCOCJIi  • 
RCH:CHCOCaii  +  CHO^O,  -      | 

CHjNO, 
(I). 
RCHCH,COC«H,  RCHCHBrCOCH. 

I  +  Br,  -      I  +  HBr 

CHJ^O,  CH.NO, 

ai). 

RCHCHBrCOCeHi  RCH  —  CHCOCfH» 

I  -HBr-        X/ 

CHiNO,  CHNO* 

(HI). 
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The  first  step  in  this  sequence  involves  the  addition  of  a  nitroparaffifl 
to  an  unsaturated  compound.  This  has  apparently  not  been  tried  here- 
tofore;  but  since  nitromethane,  in  the  presence  of  alkaUes,  condenses 
with  aldehydes  it  is  evident  that  the  metallic  derivatives  of  the  nitro- 
paraffins  <x>mbine  with  the  carbonyl  group,  and  it  seemed  probable  that 
they  would  also  combine  with  substances  containing  the  system 

C  =  C-C  =  O. 

It  was  found  that  sodium  nitromethane  readily  combines  with  benzal- 
acetophenone  to  form  a  metallic  derivative  which,  on  treatment  with 
acid,  gives  a  product  that  has  the  composition  deHisOiN.  This  sub- 
stance does  not  reduce  permanganate  but  forms  a  semicarbazone  and 
gives  the  reactions  of  primary  aliphatic  nitro  compounds.  It  is  there- 
fore the  saturated  nitroketone 

CHiCHCHiCOCeH. 

I 
CHjNOj 

Other  nitroparaffins,  both  priihary  and  secondary,  can  be  used  in 
place  of  nitromethane;  addition  takes  place  more  slowly  but  the  final  re- 
sult is  essentially  the  same.  The  reaction  even  takes  place  with  nitro- 
est^s«  but  gives  a  mixture  of  substances  unless  the  nitro  compound  is 
secsondary,  when  the  sole  product  is  a  lactone.  When  sodium  nitro- 
propionic  ester,  for  example,  reacts  with  benzalacetophenone  the  product 
is  a  crystalline  solid,  C18H16O4N,  formed  in  accordance  with  the  equa- 
tion 

CiiHuO  -f-  QHiOiNa  -  NaOCH,  -f-  C1SH15O4N. 

.When  the  substance  C18H1SO4N  is  digested  with  hydrochloric  add  it  loses 
carbon  dioxide  and  passes  into  the  same  nitroketone  that  is  obtained  by 
adding  nitroethane  to  benzalacetophencme.    It  is  therefore  a  lactone 
formed  as  follows: 
CiH»CH:CHCOC6H»-f-  CH,C(CO,CH,)  -  NO.ONa  «CiHiCH— CH«=CX:iHi — ► 

I 

ONa 
CH,C(NO,)CO.OCH. 
C«HiCH  — CH  ==C  —  CJIs 

I  I  -f-  NaOCH, 

CHtC(NO,)CO  .  O 

The  formation  of  this  lactone  indicates  that  the  mode  of  addition  of 
sodium  nitroparaffins  to  substances  that  have  the  system 

C  -  C-C  =  O, 
is  exactly  like  that  of  organic  magnesium  compotmds  and  other  metallic  de- 
rivatives, the  metal  going  to  oxygen  and  the  remainder  of  the  molecule  to 
the  carbon  in  the  4-position.    The  sodium  compounds  actually  obtained^ 
however,  do  not  have  sodium  in  combination  with  carbonyl  oxygoi; 
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their  entire  behavior  shows  that  they  are  constituted  like  the  metallic 
derivatives  of  the  nitroparaffins.  Thus  the  soditun  compound  obtained 
by  adding  soditun  nitromethane  to  benzalacetophenone,  does  not  react 
with  alkyl  halides  but  readily  reacts  with  bromine,  giving  sodium  bro- 
mide and  two  isomeric  monobromo  derivatives  of  the  nitroketone.  These 
isomeric  bromine  compounds  are  soluble  in  sodium  methylate,  and  the 
solutions  rapidly  decolorize  one  equivalent  of  bromine.  Both  solutions 
yield  the  same  dibromo  derivative,  CieHis08NBr2.  This  behavior  is 
typical  of  the  metallic  derivatives  of  nitroparaffins.  There  is  also  direct 
evidence  as  to  the  structure  of  these  bromine  compounds.  Halogen 
nitro  compounds  in  which  the  halogen  is  in  combination  with  the  carbon 
that  holds  the  nrtro  group  are  easily  reduced.  When  bromonitroethane, 
for  example,  is  boiled  with  alcoholic  potassium  iodide,  iodine  is  liberated 
and  the  bromine  compound  is  rajHdly  reduced  to  nitroethane.  All  the 
bromine  compounds  described  above  give  the  same  reaction,  and  give  it 
with  the  same  ease,  the  dibromo  comxK>und  passing  into  one  of  the  mono- 
bromo derivatives  and  the  two  monobromo  derivatives  being  reduced 
to  the  nitroketone. 

The  soditun  GC»npoimd  obtain^  by  adding  soditun  nitroethane  to  ben- 
zalacetophenone  also  readily  reacts  with  bromine,  but  the  restating 
noonobromo  derivative  is  no  longer  soluble  in  sodium  methylate,  showing 
the  absence  of  hydrogen  on  the  carbon  atom  that  holds  the  nitro  group. 
The  structure  of  the  soditun  and  bromine  compotmds  is  therefore  repre- 
sented by  the  formulas 

CJIfCHCHtCOCH*  CiHiCHCHiCOCH, 

I  I 

CH,  CNO.ONa  CH.  CBrNO, 

The  result  obtained  with  benzalacetophenone  and  soditim  jS-nitropro- 
pane  supports  these  conclusions.  The^reaction  in  this  case  does  not  give 
a  metallic  derivative  but  gives,  instead,  the  nitroketone  and  soditun 
alcoholate. 

These  facts  show  that  the  product  obtained  from  the  reaction  between 
benzalacetophenone  and  sodium  nitromethane  is  the  result  of  the  follow- 
ing steps: 

CeH»CH:CHCOCeH,  +  Na(CH,NO«)     =     NOaCH,CH(C6H,)CH  -  C(ONa)Caii 

NO,CH,CH(CeH,)CH  -  C(ONa)CeH,  +  QHiOH  == 

NOiCHjCHCCeHOCHjCOCeH.  -f  NaOCiHi 
(11). 

NO»CH2CH(CftH«)CH,COC«Hi  +  NaOCH.    =-    CJJiCHCHjCOCeHi 

I 
CH  =  NO.ONa  +  CjHiOH 

an). 
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When  bromine  is  allowed  to  react  with  the  nitroketones  themselves 
it  forms  another  pair  of  bromine  substitution  products  quite  different 
from  those  obtained  from  the  sodium  derivative.  Alcoholic  potassium 
iodide  transforms  these,  quantitatively,  into  the  correspondmg  iodine 
compound,  and  sodium  alcoholate  rapidly  removes  hydrobromic  add 
to  form  a  cyclopropane  derivative.  These  bromine  compounds  there- 
fore have  bromine  in  the  a-position  to  carbonyl,  and  the  problem  of  get- 
ting nitrocydopropane  derivatives  is  solved. 

Although  this  paper  deals  only  with  the  addition  of  nitroparaffins 
to  benzalacetophenone,  work  now  in  progress  shows  that,  under  proper 
conditions,  aliphatic  nitro  compounds  combine  quite  generally  with 
a,iS-unsaturated  ketones,  with  many  unsaturated  esters,  unsaturated 
nitriks,  and  even  with  unsaturated  nitro  compounds.  The  products 
obtained  by  these  reactions  are  far  more  tractable  substances  than  the 
nitroparaffins  with  simpler  alkyl  groups,  and  we  expect  them  to  be  use- 
ful not  only  in  connection  with  the  chemistry  of  cydopropane  but  also 
with  that  of  nitro  compounds. 

BXPERIMSNTAL  PART. 
I.  Benzalacetophenone  and  Nitremefliaae. 

Nitromethane  itself  apparently  does  not  combine  with  benzalaceto- 
phenone. A  solution  of  the  ketone  in  the  nitro  compound  can  be 
boiled  for  days  without  any  effect  beyond  a  very  slow  decomposition 
of  the  nitro  compound.  The  result  is  the  same  when  a  solution  of  the 
two  substances  in  a  perfectly  dry,  indifferent  solvent,  like  ligroin  or  ben- 
zene is  heated.  In  boiling  alcohols  and  in  the  presence  of  water  the  nitro 
compound  disappears,  but  the  ketone  remains  unchanged.  By  adding  a 
small  quantity  of  diethylamine  or  piperidine  the  addition  can  be  carried 
out  in  any  suitable  solvent.  In  the  case  of  methyl  ketones  like  benzal- 
acetone  and  mesityl  oxide  this  is  the  best  procedure,  but  with  benzal- 
acetophenone a  better  )ddd  and  a  purer  product  can  be  obtained  by 
using  sodium  alcoholate  as  condensing  agent. 

A  small  quantity  of  sodium  alcoholate  is  suffident  to  cause  rapid  dis- 
appearance of  both  ketone  and  nitro  compound;  but  under  these  condi- 
tions the  result  is  always  a  mixture  of  complex  products.  These  are  due 
to  the  fact  that  the  sodium  compound  formed  from  one  molecule  each 
of  ketone  and  sodium  nitromethane  readily  combines  with  more  of  the  un- 
satiu-ated  ketone.  In  order  to  prevent  the  formation  of  complex  prod- 
ucts, therefore,  it  is  necessary  to  have  an  excess  of  sodium  nitromethane 
in  solution.  The  following  procedure  gives  satisfactory  results:  A  solu- 
tion of  15  g.  of  sodium  in  120  g.  of  dry  methyl  alcohol  is  added,  with 
constant  shaking,  to  a  solution  of  104  g.  of  benzalacetophenone  and  37.5 
g.  of  nitromethane  in  175  g.  of  the  same  solvent.    The  solutions  should 
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be  at  about  40^  at  the  outset  in  order  to  prevent  separation  of  solid  sodium 
nitromethane,  and  the  alcoholate  should  be  added  as  rapidly  as  is  possi- 
ble without  separation  of  solid  soditun  compound.  The  reaction  is  com- 
plete a  few  minutes  after  the  last  alcoholate  has  been  added.  The  yellow 
Uquid  is  then  cooled  and  immediately  acidified  with  glacial  acetic  add. 
A  part  of  the  nitroketone  usually  begins  to  separate  as  an  oil,  but  this 
soon  soUdifies  and  the  remainder  is  slowly  deposited  in  dear,  white  needles. 
The  flask  containing  the  product  is  finally  cooled  in  a  freezing  mixture, 
the  solid  filtered  off,  thoroughly  washed  with  weak  alcohol  and  water » 
and  purified  by  recrystallization  from  alcohol.  A  small  additional  amount 
of  the  product  can  be  obtained  by  combining  aqueous  and  methyl  alcoholic 
filtrates  but  the  resulting  precipitate  is  far  less  pure  and  should  be  re- 
crystallized  separatdy.  The  best  yield  obtained  was  92%  of  pure  prod- 
uct, the  average  yidd  in  a  number  of  preparations  88-5%. 

Calc.  for  CmHuOiN:  C.  71. 4%:  H,  54%.    Found:  C,  7x3%;  H,  5.7%. 

7-Nitro-)9-phenylbut7rophenonei  N02CH2CH(C«H6)CH2COCeH6,  ays- 
tallizes  ih  thin,  white  needles  that  melt  at  103^.  It  is  readily  soluble  in 
benzene,  acetone,  chloroform,  and  hot  alcohols;  sparingly  in  cold  alcohol 
and  ether;  insoluble  in  petroleum  ether.  A  solution  in  acetone  does  not 
reduce  permanganate,  indicating  the  absence  of  unsaturation.  When 
treated  with  semicarbazide  in  the  usual  way,  it  gives  a  sparingly  soluble 
semicarbazone,  proving  the  presence  of  carbonyl.  The  semicarbazone 
crystallizes  in  small  plates  and  melts  at  165*'. 

Calc.  for  Ci7Hi808N4:  N,  17.1%.    Pound:  N,  17. 5%. 

Sodium  Ad-nitrophenylbutyrophenone.— The  nitroketone  dissolves  veiy 
sparingly  in  concentrated  aqueous  alkalis,  somewhat  better  in  alcoholic 
potassium  hydroxide,  very  readily  in  solutions  of  alcoholates.  The  pure 
soUd  soditun  derivative  was  obtained  by  three  different  methods,  all  of 
which  ultimately  gave  the  same  substance.  When  a  mixture  of  dry  ether 
and  ligroin  is  added  to  the  concentrated  methyl  alcoholic  solution  obtained 
by  adding  sodium  methylate  to  nitromethane  and  benzalacetophenone, 
it  generally  produces  a  pale  yellow  crystalline  predpitate.  This  was 
filtered  off  in  a  current  of  dry  air,  washed  with  absolute  ether  and  analyzed. 
Analyses  from  different  preparations  gave  variable  amounts  of  sodium, 
but  all  of  them  lost  weight  (methyl  alcohol)  when  kept  over  sulfuric 
add  in  a  vacuum  desiccator.  The  final  results  were  as  follows: 
Calc.  for  CitHuOiNNa:  Na,  7.9%.    Found:  Na,  7.6% 

All  these  preparations  were  tinged  with  yellow.    - 

A  better  method  for  getting  the  sodium  compound  is  to  saturate  a 
cold  solution  of  sodium  methylate  in  methyl  alcohol  with  pure  nitro- 
ketone, filter  from  excess  of  ketone,  and  allow  the  filtrate  to  evaporate 
in  a  vacuum  desiccator  containing  sulfuric  add.     Here  too  a  product 
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containing  methyl  alcohol  crystallizes  at  first,  but  this  slowly  loses  weight 

and,  in  case  the  alcohol  used  was  perfectly  dry,  leaves  a  pure,  white  powder. 

Calc.  for  CicHwOiNNa:  Na,  7.9%.    Pound:  Na,  7.7%- 

The  quickest  way  to  get  pure  sodium  compound  is  to  add  the  calculated 
quantity  of  metallic  sodium  to  a  solution  of  the  nitroketone  in  dry  ben- 
zene and  heat.  The  metal  disappears  rapidly,  and  the  sparingly  soluble 
derivative  separates  as  a  white  microcrystalline  powder,  much  less  sensi- 
tive to  atmospheric  moisture  than  previous  preparations,  and  admirably 
adapted  for  further  transformation.  The  3rield  of  sodium  compoimd  is 
about  90%.  After  washing  with  benzene  and  dry  ether  this  preparation 
gave 

Calc.  for  CuHiiOsNNa:  Na,  7-9%*    Found:  Na,  7.7%* 
The  sodium  compounds  from  all  sources  behaved  alike  towards  water^ 
acids,  alcohols,  bromine  and  allyl  halides. 

In  cold  water  the  sodium  compotmd  dissolves  readily  and  gives  a  clear, 
colorless,  very  feebly  alkaline  solution.  This  soon  becomes  milky,  how- 
ever, and  in  less  than  an  hotu-  practically  all  of  the  substance  is  hydro- 
lyzed  to  sodium  hydroxide  and  nitroketone.  Dry  alcohols  also  dissolve 
large  quantities  of  the  metallic  derivative.  The  solutions  remain  clear 
and  colorless  and  on  evaporation  under  diminished  pressure,  they  de- 
posit a  crystalline  soditun  compound  containing  alcohol.  The  reaction 
between  the  sodium  compound  and  adds  is  much  cleaner  than  that  of 
the  metallic  derivatives  of  the  simpler  nitroparaffins;  the  result  is  the  same 
with  weak  as  with  strong  acids  and  whether  the  acid  is  added  to  the  sodium 
compound  or  vice  versa.  The  product  is  an  oil  that  quickly  soHdifies,  and 
on  crystallization  gives  the  calculated  quantity  of  pure  nitroketone. 

7-Bromo-7-nitro-j3-phenylbutyrophenone,N02CHBrCH(C6HB)CH«CO- 
CeHs. — ^The  dry  sodiiun  compound  was  added,  gradually,  to  a  weB 
cooled  solution  of  slightly  more  than  one  equivalent  of  dry  bromine 
in  chloroform.  Reaction  is  immediate  even  at  the  temperature  of  a 
freezing  mixtiu-e.  The  product  was  poured  into  water,  the  excess  of 
bromine  removed  with  bisulfite,  the  chloroform  layer  dried,  and  freed 
from  chloroform  by  evaporation  under  diminished  pressure.  This  left 
a  colorless  solid  that,  on  repeated  recrystallization  from  methyl  alcohol, 
gave  colorless  needles  melting  at  90®,  and  thin  plates  or  flat  needles 
that  melted  at  93°.  A  mixtiu-e  of  the  two  substances  began  to  melt  at 
about  70°. 

Calc.  for  CieHwOiNBr:  Br,  22 .7%.  Found  (90**):  Br,  22.8%;  (93*): Br,  22.8%. 
It  is  not  possible  to  tiiake  these  monobromo  derivatives  by  starting  with 
a  methyl  alcoholic  solutions  of  the  sodium  compounds.  Such  solutions 
react  with  almost  exactly  the  same  amount  of  bromine  as  the  dry  sub- 
stance, but  the  result  is  always  a  mixture  of  nitroketone,  with  its  mono- 
bromo and  dibromo  substitution  products,  and  the  amount  of  dibromo 
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is  considerable  even  when  the  sohition  of  the  sodium  compound  is  dropped 
into  excess  of  bromine.  It  is  easy  to  remove  the  dibromo  derivative 
from  this  mixture,  but  the  separation  of  monobromo  derivative  and  nitro- 
ketone  is  tedious  and  wasteful.  Both  needles  and  plates  are  very  readily 
soluble  in  all  common  organic  solvents  except  ligroin. 

7,7-Dibromo-7-mtro-/S-phenylbutyrophenone,NOjCBr8CH(C6H6)CHi- 
COCeHs. — ^Neither  of  the  monobromo  derivatives  just  described  reacts 
with  bromine  at  low  temperatures,  but  both  of  them  readily  dissolve 
in  sodimn  methylate,  and  the  resulting  solutions  rapidly  decolorize 
bromine.  Both  substances  give  the  same  product,  small,  colorless 
needles,  sparingly  soluble  in  alcohol  and  ether,  readily  in  chloroform. 
The  substance  mdts  at  160-162^  and  begins  to  decompose  freely  as  soon 
as  melted. 

Calc.  for  CnHuOiNBrj:  Br,  37.5%.  Found:  Br,  37.5%. 
The  same  dibromo  compound  can  be  made  without  starting  with  the 
monobromo  derivatives;  it  can  be  prepared  far  more  easily  and  with  a 
satisfactory  yield  by  starting,  either  with  a  solution  of  the  nitroketone 
in  sodium  methylate,  or  with  the  methyl  alcoholic  solution  of  the  sodium 
compound  that  is  obtained  when  a  solution  of  sodium  nitromethane  is 
added  to  benzalacetophenone.  When  bromine  is  dropped  into  either 
of  these  solutions,  cooled  in  a  freezing  mixture,  it  disappears  as  fast  as 
added.  The  color  of  the  solution  at  first  changes  gradually  from  pale 
ydlow  to  deep  yellow  and  orange,  then  becomes  lighter  again  and  finally 
colorless  after  a  little  more  than  one  molecule  of  bromine  has  been  added. 
At  this  stage  the  mixture  contains  only  dibromo  compound,  nitroketone, 
and  sodiiun  bromide,  the  play  of  colors  being  due  to  the  intermediate 
formation  of  the  yellow  sodium  derivative  of  the  monobromo  compotmd 
and  its  subsequent  removal  by  bromine.  The  mixttu'e  does  not  react 
with  any  more  bromine,  but  by  adding  half  the  original  amount  of  sodium 
alcoholate,  the  nitroketone  is  once  more  turned  into  sodium  compotmd 
and  will  decolorize  an  equivalent  quantity  of  bromine.  This  cycle  can 
be  repeated  until  enough  bromine  has  been  added  to  transform  all  of  the 
nitroketone  into  dibromo  compotmd.  Sodium  bromide  and  dibromo 
compotmd  are  jthexk  filtered  off,  washed  with  dilute  alcohol  and  water 
and  recrystallized  from  chloroform  and  alcohol.    Yield,  80-85%. 

The  most  characteristic  property  of  these  7-bromo  derivatives  is  the 
ease  with  which  they  are  reduced.  Solutions  of  the  dibromo  compotmd 
in  acetone  or  alcohol  can  be  boiled  for  a  long  time  without  appreciable 
loss,  but  when  an  equivalent  quantity  of  potassium  iodide  or  potassitim 
cyanide  is  added  to  the  solution  one  of  the  bromine  atoms  is  rapidly  re- 
placed by  hydrogen  and,  in  the  presence  of  excess  of  reducing  agent, 
the  resulting  monobromo  compound  is  more  slowly,  but  completely,  re- 
duced to  the  nitroketone. 
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T-Nitro-jS-phenyl-o-bromobutyrophenone,  NOSCH2CH  (C«Ht)CHBr- 
COCeHfi.  The  procedure  used  for  introducing  bromine  in  the  a-position 
was  as  foQows:  A  small  quantity  of  bromine  was  added  to  a  con- 
centrated solution  of  the  nitroketone  in  chloroform,  and  the  reaction 
started  either  by  warming  on  a  steam  bath  or  addition  of  a  drop  of 
acetone.  The  solution  was  then  cooled  with  running  water  and  treated 
with  bromine  until  the  color  showed  a  slight  excess — 90  g.  of  nitro- 
ketone dissolved  in  150  g.  of  chloroform  reacted  with  58  g.  of  bro- 
mine. Bxcess  of  bromine,  hydrobromic  add,  and  solvent,  were  then  re- 
moved as  completely  as  possible  by  wanning  under  diminished  pressure. 
The  pale  yellow  oil  that  remained  was  disserved  in  hot  absolute  alcohol. 
This  solution,  on  cooling,  slowly  deposited  large,  cokxrless  needles  that 
melted  at  100  ^ 

Cak.  for  CiaHuOiNBr:  Br,  22.7%.    Found:  Br,  22.8%. 

Two  more  substances  were  obtained  from  the  filtrates.  These  were 
formed  only  in  small  quantities  and  were  separated  with  great  difficulty. 
One  of  these  crystallized  from  alcohol  in  thin  plates  and  melted  at  86^. 

Calc.  for  CuHuOtNBr:  Br,  22 .7%.    Pound:  Br.  22 .4%. 

The  total  yield  of  pure  monobrom  derivatives  was  89%.    The  third 
product  crystallized  in  prisms  or  thick  needles  and  melted  at  105^.    The 
analyses  show  that  this  is  a  dibromo  derivative.    This  substance  consti- 
tuted only  about  4%  of  the  product,  its  structure  has  not  been  determined. 
Calc.  for  CiaHisOtNBrt:  Br,  37- 5%.    Found:  Br,  37-6%. 

7-Nitro-/8-phenyl-a-iodobutyrophenone,  N02CH2CH(CeHs)CHICO- 
CeHj. — Slightly  more  than  one  equivalent  of  potassium  iodide  was  added 
to  each  of  the  a-bromo  compounds  dissolved  in  the  smallest  possible  quan- 
tity of  boiling  methyl  alcohol.  Potassium  bromide  began  to  separate  al- 
most immediately  and  a  very  faint  yellow  color  appeared  in  the  solutions. 
After  boiling  for  half  an  hoiu",  the  solutions  were  poured  into  water.  This 
precipitated  pale  yellow  oils  that  soon  solidified.  The  product  from  both 
bromine  compounds  was  foimd  to  be  the  same.  It  was  purified  by  crys- 
tallization from  alcohol  from  which  it  separated  in  pale  yellow  needles 
that  melted  at  123**.  The  iodine  compotmd  is  less  soluble  than  either  of 
the  bromine  compounds  and  separates  much  more  rapidly  from  solutions. 

Calc.  for  Ci«Hi40»NI;  I,  32.2%.    Found:  I,  31.9%. 

The  most  characteristic  property  of  the  a-halogen  compounds  is  the 
ease  with  which  they  lose  hydrobromic  acid  when  treated  with  alcoholates, 
potassium  acetate,  potassium  cyanide,  and  other  feebly  alkaline  reagents. 
The  product  in  each  case  is  a  trimethylene  compotmd  melting  at  93®. 
The  properties  of  this  substance  will  be  considered  in  a  later  paper  deal- 
ing with  the  chemistry  of  cyclopropane  and  its  derivatives. 
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7-Bromo-7-iiitro-)9-phenyl»a-bromobutyrophe]ione,  NOjCHBrCH- 
(CeH6)CHBrCOC6H6.— The  a-bromo  derivatives  are  not  attadced  by 
bromine,  and,  owing  to  the  ease  with  which  they  pass  into  trimethylene 
compounds,  it  is  not  possible  to  transform  them  into  soditun  com- 
pomids.  Further  bromination  of  a-bromo  compounds  is  therefore  im- 
possible. The  7-bromo  compound,  on  the  other  hands,  con  be  bromi- 
nated  by  the  same  procedure  that  was  used  for  getting  a-bromo 
derivatives.  The  product  obtained  by  brominating  the  needles  (90^) 
crystallizes  from  alcohol  in  thin  needles  melting  at  130^.  It  is  spar- 
ingly scrfuble  in  cold  alcohcd  and  ether,  readily  in  acetone  and  chloro- 
form. 

Calc.  for  QiHitfOiNBrt:  Br,  37- 5%.    Pound:  Br,  37-6%. 

When  an  alcoholic  solution  of  this  dibromo  derivative  is  boiled  with 
potassium  iodide  the  principal  product  is  the  a-iodo  compound  melting 
at  123^.  One  of  the  bromine  atoms  is,  therefore,  in  the  a-  and  the  other 
in  the  7-position.  When  a  similar  solution  is  boiled  with  zinc  dust,  one 
of  the  products  is  the  trimethylene  compound  melting  at  93**,  but  the 
3deld  is  very  poor. 

797-Dibromo-7-nitro-)9-phenyl-a-bromobutyrophenone9  N02CBr2CH- 
(C«H6)CHBrCOC6H6. — ^The  7,7-dibromo  derivative  can  also  be  bromi- 
nated  directly,  but,  in  order  to  start  the  reaction,  it  is  necessary  either 
to  expose  the  reacting  mixture  to  sunlight  or  to  add  to  it  a  drop  oi 
acetone.  The  product  crystallized  from  chloroform  in  large,  lustrous 
needles  that  melt  at  185^.  It  is  sparingly  soluble  in  ether,  alcohol,  and 
cold  chloroform,  readily  in  boiling  chloroform. 

Calc.  for  CnHijOtNBri:  Br,  47.4%.    Found:  Br,  47.7%. 

II.  Benzalacetophenone  and  Nitroethane. 
r-Witro-jS-phenylvalerophenone,  CH,CH(N08)CH(C«Hft)CH,C0C«Hft. 
— ^The  addition  of  nitroethane  was  accomplished  in  exactly  the  same  way 
as  that  of  nitromethane.  As  sodium  nitroethane  is  stable  on  alcoholic  solu- 
tion, the  mixture  remains  colorless  throughout  the  process  and,  probably 
because  of  hindrance  due  to  the  methyl  group,  there  is  little  tendency  to 
form  a  dimolecular  product.  When  the  addition  is  carried  out  in  a  suflS- 
dently  concentrated  solution  in  absolute  alcohol,  a  solid  soditun  com- 
potmd  separates  in  colorless  needles.  This,  with  acids,  gives  a  colorless 
oil  that  solidifies  very  slowly.  The  solid  is  a  mixture  of  stereoisomers 
that  have  a  pronounced  tendency  to  separate  from  solution  as  oil  and  con- 
sequently are  very  hard  to  separate.  Repeated  crystallization  from  dry 
ether  gave  very  fine  needles  melting  at  72**,  and  stout  needles  or  plates 
melting  at  100^. 

Calc.  for  CiaHnOiN:  C,  72. 1%;  H,  6.0%.    Found  (72^*):  C,  72.0%;  H,  6.0%; 
(ioo«»):C,  72.4%;  H.6.0%. 
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The  reaction  is  quantitative,  but  the  relative  amounts  of  the  two  isomers 
vary  with  the  mode  of  acidification.  Strong  adds  and  low  temperatures 
favor  the  formation  of  the  higher  melting  product.  That  these  substances 
are  the  two  racemic  modifications  possible  because  the  nitroketone  contains 
two  dissimilar  as3anmetric  carbon  atoms,  is  shown  by  the  fact  that  when 
either  substance  is  turned  into  the  sodium  derivative  and  this  back  into 
the  nitroketone,  the  result  is  always  a  mixture  of  the  two. 

7-Bromo-7-mtro-/3-phen7lvalerophenone9  CHaCBr(N02)CH(C«H«)- 
CHsCOCeHs. — ^As  the  nitroketone  has  only  one  hydrogen  replaceable 
by  metals  it  is  not  necessary  to  have  either  dry  sodium  compound 
or  even  pure  ketone  for  making  the  7-bromo  derivative.  An  excel- 
lent yield  of  the  substance  was  obtained  by  adding  the  calculated 
amount  of  sodium  methylate  to  a  hot  solution  of  benzalacetophenone  and 
nitroethane  in  dry  methyl  alcohol,  allowing  this  solution  to  stand  for  an 
hour,  then  cooling  it  in  a  freezing  mixture  and  dropping  bromine  into  it 
until  the  color  became  permanent.  Much  of  the  product  separated 
during  the  process.  After  crystallization  from  chloroform  and  alcohol 
this  was  obtained  in  the  form  of  fine  needles  sparingly  soluble  in  alcohol 
and  ether,  readily  in  chloroform.  The  melting  point  is  17**. 
Calc.  for  CnHiiOiNBr:  Br,  22.1%.    Found:  Br,  22,2%. 

The  alcoholic  filtrates  contained  a  second  product  that  also  crystallized 
in  needles,  but  was  more  soluble  in  alcohol  and  melted  at  160^. 
Calc.  for  CnHieOsNBr:  Br,  22.1%.    Found:  Br,  22.3%. 

7-Nitro-/?-phenyl-(z-bromovalerophenone»  CH8CH(NO0CH(C«H6)CO- 
CcHs. — ^The  nitroketones,  dissolved  in  chloroform,  readily  react  with 
bromine,  but,  probably  owing  to  the  number  of  stereoisomers  formed,  no 
soUd  product  could  be  isolated.  The  residue  left  after  removing  the  sol- 
vent, however,  reacts  with  potassitun  acetate  in  the  manner  of  these 
a-bromo  compounds  and  gives  two  solid  trimethylene  derivatives. 

m.    Benzalacetophenone  and  )9-Nitropropane. 

The  preparation  of  any  considerable  quantity  of  j3-nitropropane  is  a 
matter  of  some  difficulty.  V.  Meyer  obtained  the  substance  by  adding 
silver  nitrite  to  isopropyl  iodide  and  distilling,  but  he  does  not  state  his 
yield.  Nef,  who  later  prepared  it  in  the  same  way,  states  that  the  yield 
is  very  poor.  My  yields  by  this  method  were  5-^  g.  of  pure  nitro  com- 
pound per  100  g.  of  isopropyl  iodide.  After  trying  various  modifica- 
tions of  this  method,  I  finally,  adopted  the  following :  100  g.  of  finely  grotmd 
silver  nitrite  are  added,  in  the  coiu-se  of  several  horn's,  to  a  solution  of 
100  g.  of  isopropyl  iodide  in  300  cc.  of  dry,  alcohol-free  ether.  Each  spoon- 
fid  of  solid  produces  a  sensible  reaction  in  the  liquid  and  if  the  mixture  is 
shaken  during  the  addition  or  immediately  afterwards,  the  solid  cakes; 
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but  if  the  reaction  is  allowed  to  proceed  until  the  temperature  begins 
to  fall  after  each  addition,  and  the  mixture  is  then  shaken  vigorously^ 
the  soUd  remains  as  a  loose  powder.  In  order  to  complete  the  reaction  it  is 
necessary  either  to  boil  for  about  12  hours  or  to  allow  the  mixttu'e  to 
stand  in  a  dark  place  for  several  weeks.  The  Iatter*gives  the  better  yield. 
The  ethereal  layer  is  filtered,  the  soHd  repeatedly  extracted  with  boilii^ 
ether,  the  ether  removed  from  the  solutions  and  the  residue  separated 
by  fractional  distillation.  The  3aeld  by  this  method  was  12-15  g*  of  pure 
nitro  compound  boiling  at  120^  per  100  g.  of  isopropyl  iodide. 

7  -  Methyl  -  7  -  nitro  -  /3  -  phenylvalerophenoney  CHaCCCH,)  (NOj)CH- 
(C«H6)CH2COC6H6. — The  addition  of  a  secondary  nitro  compound  to  an* 
unsaturated  compotmd  was  of  special  interest  because  the  product 
is  necessarily  a  tertiary  nitro  compound.  The  sodium  compotmd  re- 
sulting from  the  addition  of  sodium  jS-nitropropane  to  benzalaceto-* 
phenone  therefore  cannot  rearrange  to  give  the  type  of  sodium  com- 
pound obtained  with  nitromethane  and  primary  nitroparaf&ns.  It  was 
found  that  the  reaction  goes  much  more  slowly  than  in  the  cases 
previously  described — doubtless  owing  to  the  hindrance  caused  by  the 
highly  branched  chain.  In  absolute  ether  and  in  dry  benzene  there,  ia 
scarcely  any  evidence  of  reaction.  In  absolute  alcohol  the  addition  starts 
in  the  usual  way,  but  the  resulting  sodium  compound  is  rapidly  decom^ 
posed  by  the  alcohol,  hence  the  solution  becomes  increasingly  i^lWf^^jnp, 
as  the  reacticHi  proceeds,  and  the  substance  that  separates  is  not  a  sodium 
compound  but  the  nitroketone  itself.  With  equivalent  quantities  oi 
benzalacetophenone  and  sodium  jS-nitropropane  the  3deld  is  insignificant, 
because  both  sodium  nitropropane  and  the  nitroketone  are  slowly  de- 
composed by  excess  of  sodium  alcoholate.  In  this  case,  therefore,  the 
best  results  are  obtained  by  using  only  a  small  quantity  of  sodium  alco- 
holate as  condensing  agent.  The  following  procedure  gave  excellent  rtr 
suits:  equivalent  quantities  of  unsaturated  ketone  and  nitro  compound 
were  dissolved  in  enough  absolute  methyl  alcohol  to  keep  the  ketone 
in  solution  in  the  cold,  5  drops  of  a  strong  sodium  methylate  solution 
were  then  added,  and  the  mixture  set  aside  in  a  securely  corked  flask^ 
The  solution  slowly  turned  yellow,  and  a  colorless  solid  began  to  separate 
in  the  course  of  a  few  days.  This  continued  to  increase  for  several  weeks^ 
at  the  end  of  which  the  reaction  was  complete.  The  product  was  puri- 
fied by  reoystallization  from  a  mixture  of  chloroform  and  alcohol.     Yields 

92%. 

Calc.  for  CiiHi»04N:  C,  72. 7%;  H,  6.4%.     Found:  C,  72.8%;  H.  6.6. 

The  nitroketone  is  sparingly  soluble  in  alcohol  and  ether,  readily  in 
benzene  and  in  chloroform.  It  melts  at  167**.  The  difference  in  solu- 
bility and  melting  point  between  this  substance  and  the  nitroketones 
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previously  described  is  conspicuous.  The  melting  points  of  primary 
and  secondary  nitroketones  as  well  as  those  of  the  halogen  substitution 
products  that  still  have  hydrogen  in  combination  with  the  carbon  that 
holds  the  nitro  group,  are  relatively  low,  while  all  of  the  isomeric  substi- 
tution products  that  tio  longer  have  hydrogen  in  this  position  melt  much 
higher  and  are  far  less  soluble. 

Nitromethylphcnylvalerophenone  shows  no  tendency  to  form  a  metallic 
derivative.  Its  solubility  in  dilute  sodium  alcoholate  is  no  greater  than 
in  alcohol.  It  is  readily  soluble  in  concentrated  alcoholate  but  the  process 
is  accompanied  by  extensive  decomposition.  The  solution  contains  ben- 
zalacetophenone,  sodium  /S-nitropropane,  sodium  nitrite,  and  other  prod- 
ucts of  unknown  structure.  Metallic  sodium  slowly  attacks  a  solution 
of  the  nitroketone  in  dry  benzene  but  in  this  case  also,  the  result  is  not  the 
formation  of  a  metallic  derivative — soditun  nitropropane  and  a  more 
complex  sodium  compound  are  precipitated  while  benzalacetophenone 
and  other  substances  remain  dissolved  in  the  benzene. 

Y-Metiiyl-Y-iiitro-j^-phenyl-a-bromovalerophenone,  CHjCCCHj)  (NO»)- 
CH(C«H6)CHBrCOC6H5.— When  a  solution  of  the  nitroketone  in  chloro- 
form is  treated  with  bromine  in  the  usual  way  it  gives  two  isomeric 
monobromo  derivatives  that  are  easily  separated  by  crystallization  from 
chloroform  and  alcohol.  One  of  these  crystallizes  in  thin,  diamond-shaped, 
plates  that  are  sparingly  soluble  in  boiling  alcohol  and  in  cold  chloroform, 
and  melt  at  165^.  The  other  bromine  compound  is  readily  soluble  in  hot 
alcohol  and  crystallizes  in  stout  prisms  that  melt  at  125^. 

Calc.  for  CifHiiOjNBr:  Br,  21.3%.    Found  (155*):    Br,  21.6%;   (125*):  Br, 
21.4%. 

Summary. 

1.  The  metallic  derivatives  of  nitroparafiSns  combine  with  unsat- 
urated ketones  to  form  metallic  derivatives  of  nitroketones. 

2.  The  addition  takes  place  in  such  a  manner  that  the  metal  goes  to 
the  carbonyl  oxygen  and  the  nitroparaflBn  residue  to  the  j5-position;  but 
unless  the  result  is  a  tertiary  nitro  compound  the  product  immediately 
rearranges  to  a  metallic  derivative  in  which  the  metal  is  in  combination 
with  the  nitro  group. 

3.  Bromine  reacts  with  the  metallic  derivatives  of  nitroketones  and 
replaces  hydrogen  in  the  a-position  to  the  nitro  group;  while  the  hydro- 
gen in  the  a-position  to  carbonyl  is  replaced  in  the  reaction  between  bro- 
mine and  the  free  nitroketones. 

From  the  halogen  derivatives  of  the  nitroketones  in  which  the  halogen 
is  a  to  carbonyl,  it  is  easy  to  get  cyclopropane  derivatives  that  have  a 
nitro  group  in  combination  with  one  of  the  carbon  atoms  in  the  ring. 

Caubridov.  Mass. 
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[CONTRIBimON  VKOM  THS  ChBMICAL  LABORATORY  OF  TBS  UNIVmtSlTY  OF  CALIFORNIA.  ] 

THE  RATES  OF  CONVERSION  OF  THE  STEREOISOMBRIC 

CINCHONA  ALKALOIDS  INTO  THEIR  TOXINES.' 

(ON  CATALTSBS  WITH  WBAK  ACIDS.    IX.) 

Bt  H.  C.  Bxddui. 

Rmeivsd  Ftobmary  1.  1916. 

I.  Introduction. 
The  stereoisomeric  relation  between  dnchonine  and  dnchonidine 
renders  of  interest  the  comparative  rates  of  conversion  of  these  two  alka- 
loids into  dnchotoxine.  Like  interest  centers  about  the  rates  of  con* 
version  of  quinine  and  quinidine  into  quinotoxine.  The  relation  between 
each  pair  of  alkaloids  and  its  corresponding  toxine  may  be  graphically 
represented  as  follows: 

(a) 
I«  CH 

CH,  CH,  CH— CH  -  CH, 

(4)         (3)1         I        I  — ► 

-HC(OH)— CH  CH,  CH, 

\|  /  yOCH,  CH 

Quhuiie.  N  y— <;  /l\ 

<       >  CH,CH,CH-CH-CHt 

V<       I   I   I 

N<r        V-C :  O— CH,  CH,  CH, 

N 
Quinotozine.    H 

Quinidine,  it  may  be  noted,  is  stereoisomeric  with  quinine.  Cinchonine 
and  dnchonidine  are  also  stereoisomeric  and  these  compbunds  and  dncho- 
toxine differ  from  quinine,  quinidine  and  quinotoxine  in  constitution  only 
in  that  they  have  hydrogen  in  place  of  the  methoxy  group. 

Of  importance  in  the  consideration  of  these  alkaloids  is  the  question 
as  to  the  exact  differences  in  stereoisomerism.  In  the  formulas  of  the 
two  groups  of  alkaloids  given  there  are  present  in  each  case,  as  is  seen, 
four  as3namietric  carbon  atoms.  As  has  been  shown  from  the  numerous 
investigations  of  Skraup,  Konig,  and  Rabe'  both  in  the  case  of  quinine 
and  quinidine  and  in  that  of  cinchonine  and  dnchonidine;  two  (i  and  2) 
of  the  three  asymmetric  carbon  atoms  within  the  bridged  ring'  do  not 
differ  in  configm-ation.    The  third  as3rmmetric  carbon  atom  (3)  within 

*  This  Journal,  37,  2088  (19 15)  and  preceding  articles. 

*  Ann,,  373, 91  (1910).  Through  an  oversigfat,  Rabe  was  previously  (Tms  Journal, 
37,  30S3  (19 1 5))  incorrectly  represented  as  attributing  the  stereoisomerism  of  cinchonine 
and  dnchonidine  sddy  to  the  spatial  arrangement  about  the  third  asymmetric  carbon 
atom  (3)  within  the  ring. 

*  According  to  a  suggestion  of  Konig's  a  bridged  ring  of  this  type  may  be  designated 
as  a  quinudidine  ring.     Ber,,  37,  3244  (1904);  38>  3049  (1905). 
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the  ring,  however,  presents  the  possibility  of  an  antipodal  spatial  arrange- 
ment and,  as  Rabe  concludes  from  the  relation  of  desoxydnchonine  to 
desoxydnchonidine  and  of  desoxyquinine  to  desoxyquinidine,  such 
antipodal  configuration  actually  exists  about  this  carbon  atom  in  the  case 
of  each  of  the  two  pairs  of  isomers.  But  apparently  conflicting  evidence 
arises  from  the  fact  that  both  cinchonine  and  dnchonidine  are  oxidized 
to  the  same  dnchoninone  and  quinine  and  quinidine  tmder  like  conditions 
yield  the  same  quinoninone.  This  finds  reasonable  explanation,  however, 
as  Rabe  clearly  shows  in  the  keto-enol  tautomerism  presented  by  the 
oxidation  product.  This  tautomerism  points  to  a  dynamic  equilibrium 
existing  between  four  forms  (two  keto,  two  enol).  The  explanation  is 
upheld  by  the  phenomena  of  mutarotation  shown  by  the  salts  of  dnchon- 
inone and  those  of  quinoninone. 

As  to  the  remaining  as3rmmetric  carbon  atom  (4),  Rabe  calls  attention 
to  the  fact  that  experimental  evidence  is  insuffident  to  draw  a  definite 
condusion  here  regarding  the  configuration  presented  in  the  case  of  either 
pair  of  isomers.  More  recently  Elaufmann  and  Huber^  have  succeeded 
in  reducing  hydrodnchoninone  to  a  mixture  of  hydrodnchonine  (over 
50%)  and  of  hydrocinchonidine  (about  10%).  While  not  advancing 
this  as  any  evidence  regarding  the  configuration  about  the  fourth  asym- 
metric carbon  atom,  these  investigators  condude  that  hydrodnchoninone 
itself  cannot  be  a  mixttu-e  of  two  optical  isomers  in  equivalent  quantities. 
Definite  evidence  regarding  the  configtu-ation  about  this  as3anmetric 
carbon  atom  must,  conisequently,  await  fiuther  investigation. 

In  the  study  of  the  conversion  of  quinine  and  quinidine  into  quinotoxine 
which  has  been  carried  out  in  this  laboratory,'  it  has  been  ^own  that 
the  same  laws  obtain  as  in  the  corresponding  conversion  of  cinchonine 
and  dnchonidine  into  cinchotoxine.  Tlie  rates  of  conversion  as  in  the 
latter  case  are  directly  proportional  to  the  concentration  of  the  univalent 
alkaloid  ion  and  furthermore  these  rates  are  a  linear  f tmction  of  the  con- 
centration of  the  undissodated  organic  add,  that  is  to  say,  the  increments 
in  speed  are  directly  proportional  to  the  increasing  concentration  of  the 
undissodated  organic  add.'  In  comparing  the  conversion  rates  of  quinine 
and  quinidine,  however,  it  was  noted  that  the  speeds  in  cases  under  like 
conditions  approach  a  common  value.  This  raised  the  question  as  to 
whether  the  slightly  different  rates  previously  observed  under  like  con- 
ditions in  the  case  of  dnchonine  and  dnchonidine^  were  real  or  only 

1  Ber.,  46,  2913  (1913). 

*  Unpublished  thesis  of  H.  N.  Masscy. 

>  In  view  of  the  extraordinary  nature  of  the  catalysis  of  the  cinchona  alkaloids 
and  its  dependence  upcm  the  univalent  ion,  the  study  is  being  extended  to  the  alky! 
cinchona  salts  in  which,  in  one  case,  the  alkyl  radical  is  attached  to  the  quinoline  nitrogen 
and,  in  the  other,  to  the  quinudidine  nitrogen. 

*  Biddle  and  Butzbach,  This  Journai^  37»  2083  (1915)* 
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apparent.  A  reconsideration  of  these  rates  has  shown  that  in  the  case 
of  the  two  alkaloids,  the  speed  of  diange  to  a  mean  rotational  value  under 
like  conditions  approaches  identity  within  the  Umits  of  experimental 
error,  and  that  fiuthermore  this  mean  rotational  value  probably  represents 
the  true  rotation  of  the  completely  converted,  pure,  nonracemized  dncho- 
toxine. 

2.  The  Optical  Rotation  of  Cinchotozine. 

As  can  readily  be  shown  from  a  consideration  of  the  equations  em* 
ployed  in  the  calculation  of  reaction  rates,  slight  variations  in  the  rotatory 
values  assigned  to  cinchotoxine  would  suffice  to  account  for  slight,  but 
appreciable  errors.  In  comparing  reaction  rates  of  stereoisomeric  alka- 
loids it  is,  consequently,  of  importance  to  fix  the  rotatory  value  of  the 
cinchotoxine  with  some  degree  of  definiteness.  The  rotation  (Ventzke 
degrees)  observed  by  Biddle  and  Rosenstein^  in  a  decimeter  length  of 
a  o.i  molal  solution  of  cinchotoxine  in  1.7  molal  acetic  acid  at  i8^,  was 
2.08**  and  in  3.2  molal  acetic,  was  2.70**.  The  value  later  noted  by  Biddle 
and  Brauer'  under  like  *conditi<^s  in  concentrations  of  acetic  acid  var3ring 
from  0.4  to  i.o  molal  was  3.00^.  This  last  value  was  employed  by  them 
in  all  their  calculations. 

The  rotatoiy  power  of  cinchotoxine  salts  has  been  studied  by  several 
investigators  whose  results  are  not  in  full  agreement.  Some  preliminary 
measurements  were  made  by  Howard*  in  1872.  Thereafter,  Hesse^ 
secured  definite  measurements  of  the  oxalate  which  were  subsequently 
confirmed  by  Roques."  The  results  obtained  by  the  last  two  investi- 
gators are  given  in  Table  I,  the  specific  rotations  being  reduced  to  Ventzke 
degrees  and  calculated  for  o.i  molal  concentrations  of  the  alkaloid. 

Tabids  I. 

Concen-  Rotatloii  referred 

tration  of  to  alkaloid 

No.      Isvestigator.  Subttence.  alkaloid  naed.  aa  0.1  molal. 

1  Hesse  Cine,  oxalate,  (Ci»HnNsO)«CtHt04  + 

aHsO  (from  dnchonine)  o .  0546  3 .  40  ^ 

2  Hesse           Cine,  oxalate  (from  dnchonidine)  0.0546  2.38^ 

3  Hesse           Cine,  oxalate  +  2  mols.  HjS04  0.0546  2.72* 

4  Roques        Cine. -f- 2  mols.  HCl  0.6340  2.434° 

The  salts  employed  by  Hesse  were  prepared  from  amorphous  cincho- 
toxine; those  of  Roques,  from  the  crystallized  base.  Later,  Roques 
more  carefully  prepared  his  material  and  from  salts  of  the  more  highly 
purified  base  obtained  a  rotation  higher  than  that  previously  observed 
and  which  is  in  close  agreement  with  the  value  obtained  by  Biddle  and 

•   »  This  Journal,  35f  421  (1915)- 

*  Ibid.,  37y  2065  (1915). 

*  J.  Chem,  Soc.,  35>  J02  (1872). 
*i4«n.,  166,  277  (1873);  178,  262  (1875). 

*  Compt.  rend.,  120,  1170  (1895);  Bull,  soc.  chim.,  [3]  13,  1005  (1895). 
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No. 

Investigator. 

I 

Roques 

2 

Roques 

3 

Roques 

4 

Roques 

5 

Roques 

6 

Roques 

7 

Roques 

8 

Biddle  and 

Brauer 

904  H.   C.  BIDDLB. 

Brauer.  In  Table  II  are  presented  for  comparison  the  values  for  equiva- 
lent quantities  of  the  alkaloid,  reduced  in  all  cases  to  Ventzke  degrees. 
Measurements  given  in  both  tables  were  in  general  made  at  temperatures 
ranging  from  15**  to  18**. 

Tabids  II. 

Conoen-         Rotation  referred 
tration  of  to  alkaloid 

Substance.  alkaloid  used.        as  0. 1  molal. 

Cine.  +  2  mols.  HCl  (from  dnchonine)  0.034  3.20** 

Cine.  +  2  mols.  HCl  (from  cinehonidine)  0.034  3-^6^ 

Cine.  +  4  mols.  HCl  (from  cindioiiine)  0.034  3  02^ 

Cine.  +  4  mols.  HCl  (from  cinehonidine)  0.034  2.95^ 

Cine,  oxalate,  (CitHtsNiO)tCsHs04  +  4HtO 

(from  dnchonine)  o .  0296  3.16^ 

Cine,  oxalate  (from  cinehonidine)  0.0296  2.98^ 

Cine,  nitrate,  CisHsiNsO.HNOi  0.028  3-04** 

Cine.  +  4  mols.  to  10  mols.  acetic  add         o.  10  3.00*" 

It  is  of  interest  to  note  in  this  connection  that  the  rotations  of  equivalent 
solutions  of  dnchotoxine  are  practically  identical  irrespective  of  whether 
the  base  is  derived  from  dnchonine  or  cinehonidine.  Both  Howard  and 
Hesse  earlier  observed  the  same  fact  when  dealing  with  impure  dncho- 
toxine. As  Roques  points  out,  this  leads  to  the  condusion  that  the 
impurity  arising  in  dnchotoxine  during  the  process  of  formation  is  identical 
irrespective  of  the  source  frcMn  which  the  base  is  derived. 

The  final  results  obtained,  as  Roques  indicates,  are  of  further  interest 
in  that  they  point  to  the  apparent  correctness  of  an  h3^thesis  first 
postulated  by  Howard,  but  which  from  his  data  he  was  unable  to  estabUsh, 
viz,,  that  the  rotatory  power  of  dnchotoxine  should  be  the  arithmetical 
mean  of  those  of  cinchonine  and  cinehonidine. 

Furthermore,  as  is  seen,  the  solutions  given  in  Table  II,  even  though 
presenting  considerable  variation  in  concentration  of  H"*"  ion,  yet  differ 
little  in  rotation.  It  seems  reasonable,  consequently,  to  assume,  as 
Biddle  and  Brauer  have  done,  that  rotational  variations  due  to  this  cause 
are  in  this  case  negligible  in  calculating  the  reaction  rates. 

3.    The  Conversion  Rates  of  Cinchonine  and  Cinehonidine  to 

Cinchotozine. 

From  the  studies  of  Hesse  and  Roques  it  seems  evident  then  that  in 
the  process  of  the  conversion  of  dnchonine  or  cinehonidine  into  dncho- 
toxine some  other  reaction  takes  place  to  a  slight  extent  with  the  result 
that  the  unpurified  product  gives  a  rotation  lower  than  that  of  pure  dn- 
chotoxine. Such  a  side  reaction  would  to  some  extent  affect  the  quantita- 
tive data  employed  in  studying  the  relative  speed  of  conversion  of  the 
two  alkaloids  into  dnchotoxine.  The  error,  though  naturally  sUght, 
would  lead  to  an  apparent  increase  in  the  speed  of  conversion  of  the 
dnchonine  and  an  apparent  decrease  in  that  of  the  cinehonidine. 
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In  order  that  a  direct  comparison  might  be  made  with  regard  to  the 
simultaneous  conversion  of  the  two  alkaloids  under  the  same  conditions, 
experiments  were  carried  on  with  equivalent  mixtures  of  cinchonine 
and  cinchonidine  dissolved  in  an  excess  of  acetic  acid.  Assuming  that 
the  two  alkaloids  do  not  mutually  interfere  with  each  other,  opportunity 
is  thus  afforded  to  observe  the  variations  in  rotation  during  the  course 
of  the  reaction.  In  view  of  the  fact  that  solutions  of  the  cinchona  alka- 
loids become  discolored  much  less  rapidly  in  the  absence  of  the  oxidizing 
influence  of  air,  the  heating  was  carried  out  in  sealed  tubes  which  had 
been  exhausted  until  the  pressure  was  reduced  to  20  mm.  The  removal 
of  the  air  was  of  additional  advantage  in  that  changes  in  rotation  during 
equal  time  intervals  were  found  to  be  to  a  considerable  extent  decreased 
thereby.  Both  these  facts  point  to  the  conclusion  that  the  an-  is  one 
of  the  factors  at  least  in  part  responsible  for  deviations  in  these  reactions. 

The  results  of  an  experiment  are  given  in  Table  III. 

Tabim  III. 
Ciadioiiine  and  dnchoaidine,   each  0.05   molal.     Aeetic  add,    1.7   molal.    Temp.^ 

99.4*{*0.2*). 

Time o  hr.      4lir8.    61irs.     23  lurs.    25  hrs.    5' hrs.     xti  hrs.    335  luB. 

Rotation' 3. 21"*    3"''    3.oo*    2.55**      2.55"*      2.25"*      i.75*        i-a>° 

A  consideration  of  this  table  is  instructive.  As  is  seen,  there  is  a  gradual 
but  continuous  fall  in  rotation  to  the  cksse  of  the  period,  even  though 
the  conversion  to  dnchotoxine  may,  for  all  practical  purposes,  be  regarded 
as  complete  before  the  dose  of  the  first  fifty  hours. 

If  now  the  rotation  of  the  dnchotoxisie  were  assumed  to  be  that  of  the 
sixth  reading,  2.25^,  the  gradual  fall  in  rotation  observed  cannot  be  ac- 
counted for  in  case  the  rate  of  conversion  of  the  cinchonine  dther  exceeds 
or  equals  that  of  dnchonidine.  The  observed  readings  might  be  obtained, 
however,  as  can  be  shown  by  calculation,  if  the  conversion  rate  of  the 
cinchonidine  slightly  exceeded  that  of  its  isomer.  But  the  asstunption 
of  a  rotational  value  of  2.25®  in  the  above  experiment,  fails  entirdy  to 
explain  the  continued  fall  in  rotation  after  the  conversion  to  dnchotoxine 
is  practically  complete. 

If,  on  the  other  hand,  the  rotatory  power  of  dnchotoxine  is  the  arith- 
metical mean  of  those  of  the  other  two  alkaloids,  then,  as  will  be  evident, 
the  observed  rotations  should  remain  constant  throughout  the  conversion, 
unless  the  rate  of  conversion  of  one  alkaloid  exceeds  that  of  the  other, 
or  tmless  such  constancy  is  disturbed  by  side  reactions.  The  direction 
of  deviations  in  rotation,  if  dependent  upon  difference  in  rate,  would 
natmrally  be  determined  by  which  of  the  two  alkaloids  presented  the 
more  rapid  rate  of  conversion.  The  decrease  in  rotation  observed  might 
at  first  glance  seem  to  favor  the  condusion  that  the  rate  of  conversion 
^  Readings  made  in  this  and  the  foUowing  experiments  at  18®. 
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of  cinch(Hiine  exceeds  that  of  dnchonidine  as  previously  reported.  The 
faU  in  rotation  would  in  such  case,  however,  not  be  continuous,  but  after 
attaining  a  Tnaximum  value  would  return  to  the  original  reading.  Thus, 
for  example,  the  final  reading  in  Table  III  should,  under  these  conditions, 
practically  equal  the  initial  reading  of  3.21^. 

If,  then,  we  assume  that  the  specific  rotation  of  dnchotoxine  is  the 
arithmetical  mean  of  those  of  the  other  two  alkaloids,  the  conclusicm 
must  be  reached  that  the  continuous  fall  in  rotation  must  be  due  to  a 
secondary  reaction,  or  reactions,  the  nature  of  which  will  be  considered 
later  in  this  paper. 

It  will  be  noted  from  Table  III  that  the  fall  in  rotation  amounts  only 
to  about  0.2^  in  six  hours.  If,  consequently,  the  rates  of  conversion  of 
dnchonine  and  dnchonidine  into  dnchotoxine  were  studied  during  the 
early  part  of  the  reaction  under  the  given  conditions,  the  error  introduced 
by  this  deviation  may  be  reduced  to  a  minimum.  With  this  in  view, 
the  conversion  rates  of  the  two  alkaloids  were  remeastu-ed  simultaneously 
for  one  concentration  of  acetic  add  tmder  predsely  the  same  experimental 
conditions.  The  mode  of  procedure  had  the  additional  advantage  of 
eliminating  other  slight  errors  which  may  have  arisen  in  previous  deter- 
minations from  differences  in  manipulation  due  to  the  personal  equation, 
since  the  former  measurements  for  dnchonine  were  made  by  one  experi- 
menter and  those  for  dnchonidine  by  another.  The  solutions  were  heated, 
as  in  the  i»-evious  experiment,  in  sealed  tubes  evacuated  to  a  pressure  of 
20  nun.  The  arithmetical  mean  of  the  initial  readings  of  the  two  alkaloids 
is  chosen  as  the  rotation  of  the  corresponding  dnchotoxine  solution. 
The  results  are  recorded  in  Tables  IV  and  V. 


TABtE  IV. 

Tablb  V. 

Cinchooine,  o.i  molal;  Acetic  add. 

Cinchofiidine,  0.1  molal;  Acetic  add. 

1.7  molal;  h  - 

i.o  dm.; 

T  - 

1.7  molal;  L  -  1.0  dm.; 

T  -= 

99.4  (*0.2*'). 

99.4(*o.2*»). 

t. 

0. 

Ki. 

Kt. 

t. 

«.             Ki.. 

Kb. 

0     hr. 

20.9 

.... 

.... 

0     hr. 

—14.4 

.... 

0.5  hr. 

19.5 

0.0716 

0.0716 

0.5  hr. 

—13.0      0.0716 

0.0716 

1.5  lirs. 

17. 1 

0.0701 

0.0694 

1.5  hrs. 

— 10.6      0.0701 

0.0694 

2.5  hrs. 

14.9 

0.0722 

0.0752 

2.5  hrs. 

—  8.6      0.0692 

0.0678 

3.5  hrs. 

12.9 

0.0749 

0.0818 

3.5  hrs. 

—  6.7       0.0712 

0.0759 

4.5  hrs. 

II. 8 

0.0699 

0.0525 

4.5  hrs. 

—  5.3       0.0699 

0.065a 

5.5  hrs. 

10.2 

0.0736 

0.0900 

5.5  hrs. 

—  4.0      0.0703 

0.0717 

a     hrs. 

3.25 

.... 

.... 

a     hrs. 

3.25       .... 

.... 

Mean,  0.0721    0.0734  Mean,  0.0704    0.0704 

In  the  light  of  the  facts  already  discussed,  a  consideration  of  the  re- 
sults given  in  Tables  IV  and  V  leads  to  the  tmavoidable  condusion  that 
the  rates  of  conversion  of  dnchonine  and  dnchonidine  to  dnchotoxine 
are  identical  within  the  limits  of  experimental  error»  providing  we  assume 
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that  the  specific  rotation  of  cmchotoxine  is  the  arithmetical  mean  of  the 
corresponding  rotations  of  the  other  two  alkaloids.  A  reaction  rate 
apparently  slightly  greater  in  the  case  of  the  dnchonine  was  to  be  expected. 
Small  differences  in  rate,  if  at  all  existent,  can  be  detected  only  by  more 
refined  experimental  methods.  The  same  principle  obtains  apparently 
as  well  with  respect  to  the  rates  of  conversion  of  quinine  and  quinidine 
into  quinotoxine. 

In  order  that  confirmatory  evidence  might  be  obtained  regarding  the 
comparative  reaction  rates  of  the  two  alkaloids,  recourse  was  had  to  a 
former  method  of  measurement.  Unfortunately,  the  procedure  of  Biddle 
and  Rosenstein  based  upon  the  separation  of  the  alkaloid  from  dncho- 
toxine  by  means  of  ammonitun  hydroxide  in  the  presence  of  an  ammonium 
salt  was  not  readily  applicable,  since  cinchonidine  is  considerably  more 
soluble  tmder  these  conditions  than  is  dnchonine.  A  modification  of 
the  earlier  ether  extraction  method,  however,  proved  of  service.  The 
dnchotoxine  was  weighed  in  each  case  as  such,  being  freed  from  traces 
of  unchanged  alkaloid  by  re-solution  in  absolute  ether  in  which  both 
dnchonine  and  dnchonidiae  are  difficultly  soluble.  While  the  method 
naturally  does  not  present  the  accuracy^  of  that  dependent  upon  optical 
rotation,  the  results  obtained  fully  agreed  with  those  already  given  as 
to  the  identity  of  the  two  rates  of  conversion. 

We  must  condude  then,  that  in  the  comersion  of  siereoisomeric  cinchona 
alkaloids  into  their  toxines  as  represented  on  the  one  hand  by  dnchonine  and 
cinchonidine  to  dnchotoxine  and  on  the  other  by  quinine  and  quinidine  to 
quinotoxine,  the  rates  of  conversion  of  stereoisomers^  as  indicated  by  the  rates 
of  approach  to  a  position  of  mean  optical  rotation,  are  identical  within  the 
limits  of  experimental  error. 

4*  Cause  of  flie  Diminiahing  Rotation. 

Roques  accounted  for  the  low  specific  rotations  first  observed  in  the 
study  of  dnchotoxine  by  assuming  the  presence  of  a  common  impurity 
irrespective  as  to  whether  the  toxine  was  derived  from  dnchonine  or 
fxxnn  cinchonidine.  What  the  nature  of  this  impurity  was,  however, 
he  did  not  venture  to  suggest. 

In  considering  the  data  presented  in  Table  III,  one  is  struck  with 
the  fact  that  the  fall  in  rotation  is  continuous  throughout  the  entire  period 
of  the  reaction,  regardless  as  to  whether  the  solution  at  any  moment 
contained  three  optically  active  substances  or  the  dnchotoxine  alone. 
While  tmder  ordinary  conditions  the  oxidizing  influence  of  the  air  may 
have  some  influence  upon  this  change,  it  is  obvious  that  tmder  the  ex* 

^  It  is  to  be  regretted  that  apart  from  the  data  presented  by  optical  rotation  a 
quantitative  method  is  lacking  which  would  enable  us  to  measure  with  precision  small 
differences  of  reaction  rate.  Some  such  method  is  to  be  desired  in  order  that  the  com- 
parative conversion  rates  of  stereoisomers  may  be  subjected  to  more  rigid  examination. 
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perimental  conditions  employed  such  influence  is  totally  inadequate  to 
account  for  the  results  obtained.  Indeed,  in  view  of  the  facts  presented 
only  one  reasonable  explanation  can  be  offered  and  that  is  one  dependent 
upon  the  slow  racemization  of  the  optically  active  substances  present. 
In  the  protracted  heating  of  the  cinchona  alkaloids  under  the  conditions 
of  the  experiment,  partial  racemization  might  naturally  be  expected. 
In  the  case  of  cinchonine  and  dnchonidine  this  racemizing  action  might 
extend  to  any  one  or  all  of  the  four  asymmetric  carbon  atoms  (see  graphic 
formulae  at  beginning  of  this  paper) ;  in  the  case  of  dnchotoxine  it  would 
naturally  be  confined  to  carbon  atoms  one  and  two. 

A  slow  racemizing  action  of  this  kind  fully  accords  with  the  facts  ob- 
served. Thus,  it  accounts  for  the  supposed  impurity  which  Roques  thought 
was  derived  indifferently  either  from  cinchonine  or  dnchonidine,  since, 
as  he  noted,  both  these  alkaloids  were  converted  under  similar  condi- 
tions to  a  dnchotoxine  of  like  low  rotation.  It  explains  further  the 
divergent  specific  rotations  of  dnchotoxine  given  in  the  literature  and 
indicates  why  extraordinary  care  was  found  necessary  to  obtain  a  dncho- 
toxine of  high  rotation. 

As  a  result  of  this  racemizing  influence  the  reaction  rates  obtained 
by  Biddle  and  Brauer  for  dnchonine  are  a  little  high  and  those  given 
by  Biddle  and  Butzbach  for  dnchonidine  are  a  little  low.  These  factors, 
however,  materially  affect  only  the  comparative  rates  of  conversion  of  the 
two  alkaloids.  The  influence  upon  the  data  establishing  the  two  prind- 
ples,  viz.,  the  action  of  univalent  alkaloidal  ion  and  that  of  the  concen- 
tration of  the  undissodated  organic  add  upon  the  reaction,  is  conse- 
quently negligible. 

Summary. 

1.  The  specific  rotatory  power  of  dnchotoxine  dosdy  approaches, 
if  it  does  not  equal,  the  arithmetical  mean  of  the  corresponding  rotatory 
powers  of  the  isomeric  dndionine  and  dnchonidine. 

2.  In  the  conversion  of  the  two  alkaloids  into  the  common  toxine  under 
the  influence  of  an  organic  add  the  rotational  values  are  subject  to  a  digfat 
but  continuous  error,  due  to  a  partial  racemization  of  the  alkaloids  con- 
cerned. The  effect  of  this  error  upon  the  reaction  rates  calculated  is 
that  those  obtained  for  cinchonine  will  invariably  be  a  little  high  and 
those  for  dnchonidine  will  be  a  little  low. 

3.  In  the  conversion  of  stereoisomeric  dnchona  alkaloids  into  their 
toxines  as  represented  on  the  one  hand  by  dnchonine  and  dnchonidine 
to  dnchotoxine  and  on  the  other  by  quinine  and  quinidine  to  quinotoxine, 
the  reaction  rates,  or  the  rates  of  approach  to  a  position  of  mean  optical 
rotation,  are  identical  within  the  limits  of  experimental  error. 

BsRKBLBY,  Calif. 
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ALKYL  CYANOACETIC  ACffiS. 

By  John  C.  Hssai^x. 
Received  February  3.  1916. 

This  paper  describes  work  done,  under  the  writer's  direction,  by  three 
students,  Mr.  Thomas  B.  Magath,  Mr.  Fred  F.  Joel,  and  Miss  Margaret 
C.  Hessler.  It  includes  the  preparation  of  several  new  alkyl  cyanoacetic 
adds,  their  salts  and  other  derivatives.  In  this  work  caustic  potash 
dissolved  in  methyl  alcohol  has  been  used  for  the  saponification  of  the 
dialkyl  cyanoacetic  esters,  with  excellent  results.  Finally  there  is  given 
a  description  of  the  benzylation  of  cyanoacetic  ethyl  ester  in  methyl  alco- 
hol solution;  the  dibenzylated  derivative  is  shown  to  be  the  methyl, 
rather  than  the  ethyl  ester. 

Dimetfaylcyanoacetic  Acid,  (CHs)jkC(CN)COOH.— The  add  was 
made  from  8.7  g.  of  its  ethyl  ester ^  by  treatment  with  a  solution  of 
9  g.  of  potassium  hydroxide  in  100  cc.  of  absolute  methyl  alcohol.  The 
mixture  was  kept  cool  by  means  of  running  water  and  was  allowed  to  stand 
overnight.  Water  was  then  added  and  the  solution  was  addified  with 
dilute  sulftuic  add.  The  add  solution  was  extracted  three  times  with 
ether  and  the  ether  solution  was  washed  five  times  with  water  and  dried, 
rapidly,  three  times  with  fused  caldum  chloride.  Distillation  of  the 
ether  left  a  thick,  slightly  yellow  Uquid;  this  distilled  at  132-135*^  under 
12  mm.  Tfie  distillate  weighed  2.5  g.;  it  crystallized  at  once  when  dis- 
turbed. The  oystals  mdted  at  57  ^  after  being  dried  in  vactio  over  concen- 
trated sulfuric  add. 

The  silver  salt  of  dimethylcyanoacetic  add  was  made  from  the 
aqueous  solution  of  the  add  and  freshly  predpitated  silv^  carbonate. 
The  mixture  was  heated  with  a  reversed  condenser  for  4-5  hours  on  a 
boiling  water  bath;  it  was  then  filtered  and  the  filtrate  was  concentrated 
on  the  water  bath.  The  silver  salt  came  out  in  long,  fine  crystals. 
Calc.  for  CiHeNOsAg:  Ag,  49.09.    Pound:  Ag,  49.20. 

The  barium  salt  was  made  from  the  aqueous  solution  of  the  add  and 
powdered  barium  carbonate.  The  mixture  was  heated  on  the  boiling 
water  bath  for  2  hours  and  filtered  hot.  It  was  concentrated  and  then 
allowed  to  eAporate  in  the  open  air.  After  4  weeks  the  baritun  salt 
crystallized  out  as  long  prisms;  these  were  very  readily  soluble  in  water. 
Calc.  for  CioHitNt04Ba.i8HtO:  Ba,  13.47.    Found:  Ba,  13.56. 

Diethykyanoacetic  Add,  (C2H5)2C(CN)COOH.— The  diethylcyano- 
acetic  ethyl  ester  was  made  as  already  described.*  Then  42.5  g.  of  it 
were  treated  with  28  g.  caustic  potash  dissolved  in  300  cc.  of  methyl 

1  Tras  Journal,  35.  990-994  (1913). 

•  Am.  Chem.  /.,  22,  171  (1899};  also  Hadley,  Tms  Journal,  34,  925  (1912). 
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alcohol.  The  mixture  stood  overnight.  It  was  treated  with  2  liters 
of  water  and  dilute  sulfuric  acid  was  added  until  the  solution  had  an  acid 
reaction.  The  acid  was  extracted  with  ether  as  in  the  case  of  dimethyl- 
cyanoacetic  add.  It  weighed  31  g.  and  melted  at  66°  after  it  had  b^n 
dried  on  a  clay  plate.  The  melting  point  previously  reported  was  57®,* 
but  in  this  case  the  acid  had  been  made  by  saponification  with  concen* 
trated  hydrochloric  acid  in  a  sealed  tube. 

The  silver  salt  was  made  by  the  treatment  of  the  add  with  a  slight 
excess  of  aqueous  ammonia,  removal  of  the  excess  of  ammonia  over  sul- 
furic addtn  vacuo,  and  addition  of  an  excess  of  aqueous  silver  nitrate. 
It  was  a  bulky,  white  precipitate. 

Calc.  for  CrHioNOiAg:  Ag,  43.55.    Found:  Ag,  43.41. 

The  barium  salt  resulted  from  the  boiling  of  the  add  with  water  and  pow* 
dered  barium  carbonate.  The  mixture  was  filtered  while  hot  and  was 
<:oncentrated  on  a  boiling  water  bath.  The  salt  came  out  in  the  form  of 
fine  needles;  it  was  analyzed  air  dry. 

Calc.  for  Ci4HsoNt04Ba:  Ba,  32.85.    Pound:  Ba,  32.39. 

The  lead  salt  was  made  from  the  add  and  powdered  lead  carbonate; 
it  crystallized  out  when  its  solution  was  ooncentrated  on  the  water  bath. 
The  salt  forms  flat,  flaky  crystals  that  are  somewhat  soluble  in  cold  water, 
and  very  soluble  in  hot  water.  The  salt  was  dried  on  a  clay  plate  for 
analysis. 

Calc.  for  Ci4HjoNiO«Pb:  Pb,  42.50.    Found:  Pb,  42.36. 

The  calcium  salt  was  made  by  the  method  used  for  the  barium  salt 
It  came  out  as  long  needles  when  its  solution  was  concentrated  to  a  small 
volume.    It  was  analyzed  air  dry. 

Calc.  for  Ci4HsoNs04Ca.3HsO:  Ca,  10.69.    Found:  Ca»  10.65. 
The  strontium  salt  was  obtained  as  long,  soluble  prisms. 

Calc.  for  Ci4HtftNfO«Sr.3HiO:  Sr,  20.77.    Found:  Sr,  20.49. 
The  cadmium  salt  was  formed  as  flat,  irregular  plates  when  its  solution 
was  concentrated. 

Calc.  for  Ci4HtoNi04Cd.3HfO:  Cd,  25.17.  Found:  Cd,  24.84,  24.80. 
The  copper  salt  was  made  from  freshly  prepared  basic  copper  carbonate 
and  the  add.  The  copper  carbonate  was  obtained  from  copper  sulfate 
and  sodium  carbonate  solutions;  it  was  washed  by  decantation.  The 
copper  salt  separated  from  its  concentrated  solution  as  rectangular, 
bright  green  crystals.     It  was  dried  on  a  day  plate. 

Calc.  for  Ci4HfoNi04Cu.3HsO:  Cu,  15.99.    Found:  Cu,  16.05,  16.3a 

C,H7\ 
Preparation  of  Propylcyanoacetic  Ethyl  Ester,         ^(CN)COOCtHs. 


W 


^  Hesse.  Am,  Chem.  /.,  18,  746  (1896). 
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— Propylcyanoacetic  ester  was  made  from  50  g.  cyanoacetic  ester  in  100 
cc.  of  absolute  alcohol,  10.2  g.  of  sodium  in  250  cc.  of  absolute  alcohol, 
and  80  g.  (one  gram  equivalent  «  75  g.)  of  normal  propyl  iodide.  The 
propyl  iodide  was  added  as  soon  as  the  sodium  salt  of  the  cyanoacetic 
ester  began  to  be  precipitated.  The  solution  became  hot;  the  final  tem- 
peratiut  was  65^ 

The  mixture  was  left  overnight  in  a  flask  protected  by  a  calcitun  chloride 
tube  and  became  neutral  to  litmus.  The  alcohol  and  excess  of  propyl 
iodide  were  distilled  off  on  a  paraflSn  bath,  the  residue  was  dissolved  in 
water,  and  the  solution  was  extracted  twice  with  ether.  The  ether  solu- 
tion was  washed  five  times  with  water  and  dried  with  fused  calcium  chlo* 
ride.  When  the  ether  was  distilled,  the  crude  ester  was  obtained;  it  boiled 
at  117-130°  under  24  mm.    Yield,  51 .5  g. 

Plxqiylcyanoacetic  Acid  and  Its  Sait8.---The  crude  ester,  containing 
both  the  monopropy  1-  and  the  dipropylcyanoacetic  esters,  was  shaken  twice, 
in  ether  solution,  with  an  excess  of  10%  soditun  hydroxide  solution. 
The  alkaline  solution  was  separated  from  the  ether,  acidified  with  dilute 
sulfuric  add  and  extracted  three  times  with  ether.  The  propylcyano- 
acetic add  obtained  wdghed  24 . 9  g.  The  ether  solution  neutral  to  sodium 
hydroxide  contained  the  dipropylcyanoacetic  ester.  This  will  be  de- 
scribed later. 

a.  Silver  Salt. — ^The  ammonitun  salt  of  the  add  was  made  by  treat- 
ment of  the  add  with  ammonia  water  and  the  removal  of  the  excess  of 
ammonia  over  concentrated  sulfuric  add,  in  vacuo.  Silver  nitrate  in 
slight  excess  was  then  added.  The  heavy,  white  predpitate  of  silver 
salt  was  filtered  off  and  dried.  A  silver  determination  by  ignition  re- 
sulted as  follows: 

Calc.  for  CeH^NOsAg:  Ag,  45.95.  Found:  Ag,  46.152. 
2>.  Baritun  Salt. — ^The  barium  salt  was  made  from  the  acid,  water,  and 
powdered  barium  carbonate.  This  mixture  was  heated  several  hours 
on  a  boiling  water  bath;  the  excess  of  barium  carbonate  was  then  filtered 
off  and  the  filtrate  was  allowed  to  stand  in  vacuo  over  sulfuric  acid.  The 
salt  crystallized  in  almost  white  plates. 

Calc.  for  CiiHisN204Ba:  Ba,  35.21.    Found:  Ba,  35-23. 
c.  Pure  propylcyanoacetic  ester  was  made  from  the  silver  salt  and  an 
excess  of  ethyl  iodide.    The  mixture  was  heated  gently  under  a  reflux 
condenser  and  then  distilled.    Boiling  point  218-219^  under  755  mm. 
Sp.  gr.  0.972  at  32^ 

Dipropylcyanoacetic  Ethyl  Ester. — ^The  ether  solution  neutral  to  10% 
sodium  hydroxide  was  distilled  under  21-23  mm.  and  gave  the  dipropyl 
ester,  boiling  at  129-132**.  The  amount  obtained  was  17.8  g.,  out  of 
the  original  51 .5  g.  of  crude  ester.    Sp.  gr.  (Westphal)  0.93  at  26^. 
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Dipropylcyanoacetic  Acid. — Dipropylcyanoacetic  ester  was  treated 
with  three  times  the  theoretical  amount  of  potassium  hydroxide  dissolved 
in  pure  methyl  alcohol.  The  mixtiu^  stood  overnight;  it  was  then  poured 
into  much  water,  acidified  with  dilute  sulfuric  add,  and  extracted  three 
times  with  ether.  After  the  ether  solution  had  been  washed  and  dried, 
the  ether  was  distilled;  the  add  remained.  When  left  several  days  in 
vacuo  over  sulfuric  add  it  did  not  crystallize.  However,  when  water  was 
added  the  add  crystallized  in  rhombic  prisms.  When  dried  on  a  day 
plate  the  crystals  melted  at  41  *^.  Over  sulfuric  add  in  vacuo  the  cr3^sta]s 
lost  water  and  left  a  syrupy  liquid.  After  5  days  the  results  were  as 
follows: 

Calc.  for  C»HiiNOt.HtO:  H|0,  9.62.    Found:  HiO,  9.68 

The  silver  salt  was  made  from  the  ammonium  salt,  as  in  the  case  of 
the  silver  salt  of  monopropylcyanoacetic  add.  A  silver  determination 
was  first  made  in  the  case  of  the  air  dried  salt. 

Calc.  for  CtHi4NOsAg.HsO:  Ag,  36.70.    Found:  Ag,  36.69. 
The  salt  lost  its  water  of  hydration  when  dried  in  vacuo  over  sulfuric 
ad(i. 

Calc.  for  CfHiiNOiAg:  Ag,  39.13.    Pound:  Ag,  38.83. 

C4H.V 
Isobutylcyanoacetic  Ethyl  Bster,  >C(CN)COOC«Hj.— The  crude 

W 
ester  was  prepared  by  the  Conrad-Limpach  reaction,  as  in  the  case  of 
the  propyl  derivative.    The  yidd  was  52 . 7  g.  from  50  g.  of  cyanoacetic 
ester.    It  was  distilled  in  three  fractions  tmder  a  pressure  of  35-42  mm. 
I.  Up  to  127*,  1 1.5  g.    II.  127-132  ^  36.9  g.    III.  133-185  *f  4«3  «• 
Isobutylcyanoacetic  acid  was  made  by  treatment  of  the  crude  ester 
once  with  5%  sodium  hydroxide  solution'  (no  ether  was  used)  and  twice 
with  10%  soditun  hydroxide,  the  first  time  for  one  or  two  minutes,  the 
second  time  for  one  and  hall  hours.    After  the  last  treatment  the  un- 
changed diisobutylcyanoacetic  ester  was  removed  by  means  of  ether. 
The  sodium  hydroxide  solution  was  then  addified  with  dilute  sulfuric 
add,  extracted  with  ether,  and  the  ether  solution  dried  rapidly  with 
caldum  chloride.     The  yield  of  add  was  20.5  g.    This  represents  24.6  g. 
of  ester,  or  46 . 6%  of  the  total  yield  of  crude  ester. 

The  silver  salt  was  made  from  17  g.  of  the  acid,  by  means  of  the  am- 
monium salt.  Yield,  23.7  g.  It  was  an  almost  white  powder  after  it 
had  been  dried  on  a  day  plate. 

Calc.  for  CTHioNOtAg:  Ag,  43.54-    Found:  Ag,  43.". 
The  barium  salt  was  made  when  the  add,  water  and  powdered  barium 
carbonate  were  heated  on  a  boiling  water  bath.     It  crystallized  in  long, 
white  needles  when  its  solution  stood  in  a  desiccator  over  sulfuric  acid. 
Calc.  for  Ci4HMN»04Ba.2H,0:  Ba,  30.51.    Found:  Ba,  30.36. 
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Pure  isobutylcyanoacetic  ethyl  ester  was  made  from  the  silver  salt  of 
the  add  and  an  excess  of  ethyl  iodide.  Boiling  point  223-224^  under  755 
mm.    Sp.  gr.  0.958  at  35 **  C. 

Diisobutykyanoacetic  Ethyl  Ester. — ^The  part  of  the  crude  isobutyl- 
cyanoacetic ester  that  was  neutral  to  soditun  hydroxide  solution  was 
taken  up  with  ether  and  the  ether  solution  was  washed  with  water  and 
dried  with  calcium  chloride.  The  yield  of  the  diisobutyl  ester  was  28 .  i 
g-»  or  53.3%  of  the  crude  ester.  The  boiling  point  was  245-250®  under 
755  mm.    Sp.  gr.  (Westphal)  0.915  at  31**. 

Diisobutylcyanoacetic  acid  was  made  from  its  ester  by  the  action  of 
potassium  hydroxide  dissolved  in  methyl  alcohol.  After  the  acid  had 
been  dried  in  vacuo  over  sulfuric  add  it  mdted  at  82®.  Yidd,  20  g.  from 
23 . 7  g.  of  the  distilled  ester. 

The  silver  salt  was  prepared  through  the  ammonium  salt.  It  formed 
a  bulky,  white  predpitate. 

Calc.  for  CiiHiiNOsAg:  Ag,  35.53.    Pound:  Ag,  35.71. 
Derivatives  ^of  Isoamylcyanoacetic  Add. 

a.  Copper  Salt. — Isoamylcyanoacetic  add  was  prepared  as  described 
in  an  earUer  paper.  ^  It  was  converted  into  the  ammonium  salt  and  the 
solution  was  treated  with  a  solution  of  copper  sulfate.  The  copper  salt 
came  out  as  a  blue,  crystalline  predpitate.    It  was  analyzed  air  dry. 

Calc.  for  CicHMNiOiCu.yHtO:  Cu,  12.78.    Pound:  Cu,  12.39. 
When  the  salt  was  dried  in  vacuo  over  sulfuric  add,  it  became  green. 

b.  Barium  Salt. — ^The  barium  salt  resulted  when  the  add,  water  and 
powdered  barium  carbonate  were  heated  together.  The  salt  crystallized 
from  its  concentrated,  aqueous  solution  as  tufts  of  white  needles. 

Calc.  for  Ci0Ht4N^4Ba.3HsO:  Ba,  28.48.    Pound:  Ba,  28.06. 

c.  Acid  Chloride  and  Anilide.  —  Isoamylcyanoacetic  add  chloride  re- 
sulted as  a  colorless  liquid  when  the  add  and  phosphorus  pentachloride 
(a  slight  excess)  were  heated  together.  The  phosphorus  oxychloride 
was  distilled  in  vacuo.  When  the  add  chloride  was  treated  with  an  excess 
of  concentrated  ammonia  water,  the  acid  amide  was  produced.  It  mdted 
at  142  ^* 

When  the  add  chloride  was  treated  with  aniline,  the  acid  anilide  was 

formed.     This  separated  from  alcohol  as  balls  of  needle-shaped  crystals 

melting  at  102  ^. 

Calc.  for  Ci4HiiONt:  N,  12.17.    Pound:  N,  12.47. 

Diisoamylcyanoacetic  Acid  and  Its  Derivatives. 

a.  Preparation  of  the  Acid. — ^The   diisoamylcyanoacetic  ester^  that 

was  used  in  the  preparation  of  the  add  boiled  at  158-159^  under  16  mm. 

»  Tms  Journal,  35f  993  (1913). 
« Ibid.,  Loc,  cU. 
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It  was  saponified  by  means  of  potassium  hydroxide  dissolved  in  methyl 
alcohol.  The  add  crystallized  from  benzene  in  white  needles;  these 
melted  at  74-75**  after  being  dried  over  sulfuric  acid  in  vacuo. 

b.  Ammonium  Salt. — The  ammonium  salt  was  prepared  from  the  add 
and  dilute  ammonium  hydroxide.  It  crystallized  out  as  white  flakes. 
Only  about  2 .9  g.  of  this  salt  were  soluble  in  100  cc.  of  water  at  16**. 

c.  The  silver  salt  was  formed  as  a  white  predpitate  when  the  solution 
of  the  ammonium  salt  was  treated  with  silver  nitrate  solution. 

Calc.  for  CiiHttNOsAg:  Ag,  32.53.    Found:  Ag,  33.19* 

d.  The  copper  salt  was  made  by  predpitation  from  the  solution  of  the 
ammonium  salt  by  means  of  copper  sulfate  solution.  It  was  a  green, 
flaky  soUd  when  dry. 

Calc.  for  CMH44Ns04Cu.3HiO:  Cu,  11.23*    Pound:  Cu,  ii^og. 

e.  The  calcium  salt  was  prepared  from  the  acid,  water,  and  powdered 
caldum  carbonate.    It  came  out  of  solution  as  white,  rhomboidal  crystals. 

Calc.  for  C«|Hi4Ni04Ca.4HtO:  Ca,  7.14.    Pound:  Ca,  718. 

/.  Diisoamylcyanoacetamide. — ^The  add  chloride  was  prepared  from 
the  add  and  phosphorus  pentachoride.  When  it  was  treated  with  con- 
centrated ammonia  water,  the  amide  was  formed.  This  crystallized 
from  hot  alcohol  in  needles  melting  at  152  °. 

Calc.  for  CuHuONt:  N,  12.50.    Pound:  N,  13.11. 

Derivatives  of  Benzylcyaaoacetic  Acid. — Benzylcyanoacetic  add  was 
made  by  the  method  already  described;^  it  was  a  white,  crystalline  solid 
melting  at  loi^ 

a.  Lead  Salt — ^The  lead  salt  was  made  (i)  by  addition  of  a  dilute  solu- 
tion of  lead  nitrate  to  an  aqueous  solution  of  the  add;  (2)  by  addition  of 
the  lead  nitrate  solution  to  an  aqueous  scduticMa  of  the  ammonium  salt. 
In  each  case  the  lead  salt  came  down  as  a  bulky,  white,  crystalline  pre- 
dpitate.   An  analysis  of  the  air-dried  salt  gave  the  following  figures: 

Calc.  for  CtoHitNt04Pb.3HsO:  Pb,  33-97.    Pound:  Pb,  33.83,  3395. 
After  the  salt  had  been  dried  for  several  hours  in  vacuo  over  sulfuric 
add  the  figures  were: 

Calc.  for  CtoHwNi04Pb:  Pb,  37 -30.    Pound:  Pb,  36.87. 
The  lead  salt  is  soluble  in  hot  water  and  in  hot  methyl  and  ethyl  alco- 
hols. 

b.  Barium  and  Calcium  Salts. — ^The  barium  and  caldum  salts  were 
made  from  the  acid  and  water,  with  barium  and  caldum  carbonates, 
respectivdy.  Both  salts  were  white  and  crystallized  in  needles.  The 
anhydrous  caldum  salt  was  obtained  when  its  hydrate  stood  in  vacuo  ov^ 
sulfuric  add;  the  other  salts  were  air-dried. 

^  Api.  Chem,  J.,  aa,  176  (1899)* 
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Calc.  far  CNHi«NfO«Ca:  Ca,  10.31.    Pound:  10.42. 
C«k.  for  CioHiftNi04Ca.3HsO:  Ca,  9.05.    Potind:  9.06. 
Calc.  for  CsoHieNs04Ba.6HsO:  Ba,  23.10.    Pound:  23.01. 

The  barium  and  caldtim  salts  are  soluble  in  hot  alcohol  and  in  hot 
water. 

c.  Copper  Salt* — ^The  cupric  salt  was  prepared  by  the  addition  of  a  dilute 
solution  of  cupric  sulfate  to  the  solution  of  the  ammonium  salt.  It 
came  out  as  a  deep  blue  precipitate,  but  ttimed  green  when  it  lost  its 
water  of  hydration.  The  water  was  lost  at  about  65^;  the  salt  melted 
with  decomposition  and  evolution  of  carbon  dioxide  at  105-115^.  The 
percentage  of  copper  was  determined  by  ignition,  that  of  water  of  hydra- 
tion by  the  loss  sustained  in  vacuo  over  sulfuric  add. 

Calc.  for  CioHi«Ni04Cu.5HiO:  Cu,   12.68.    Pound:  12.42;  HiO,   17.96.    Pound: 
18.08;  N,  5.5B.    Pound:  5.45*  ' 

d.  Acid  Chloride. — ^The  add  chloride  of  benzylcyanoacetic  add  was 
made  from  the  add  and  phosphorus  pentachloride.  •  It  was  a  slightly 
colored  liquid  that  did  not  distil  under  35  mm.  when  the  outside  tempera- 
ture was  290°.  When  the  chloride  was  treated  with  an  excess  of  ammonia 
water  it  gave  benzylcyanoacetamide,  melting  at  130^^ 

Salts  of  Dibenzylcyanoacetic  Acid. — ^The  add  was  made  from  its  ester, 
boiling  at  225-235°  under  15  mm.,  and  potassium  hydroxide  dissolved 
in  methyl  alcohol.  After  being  recrystallized  from  benzene  it  mdted 
at  194-195°.     Cassirer*  gives  the  mdting  point  as  188-189°. 

The  silver  salt  was  made  from  the  ammonium  salt  and  silver  nitrate. 
It  formed  a  white  predpitate. 

Calc  for  CuHtiNOiAg:  Ag,  29.03.    Pound:  Ag^  29.69. 

The  copper  salt  was  made  from  the  ammonium  salt  and  cupric  sulfate. 
It  came  out  as  a  blue  predpitate  that  turned  green  when  dried. 
Calc  for  CMHttNi04Cu.HtO:  Cn,  10.43.    Pound:  Cu,  10.21. 

Benzylation  of  Cyanoacetic  Ethyl  Ester  in  Methyl  Alcohol  Solution: 
Dibenzylcyanoacetic  Methyl  Ester. — ^Twenty  grams  of  cyanoacetic  add 
ethyl  ester  were  dissolved  in  125  cc.  of  Kahlbaum's  anhydrous  methyl 
alcohol  and  treated  with  a  solution  of  4 .  07  g.  of  sodium  in  1 25  cc  of  methyl 
alcohol.  Benzyl  chloride  (22.4  g.)  was  then  added  and  the  mixture  was 
allowed  to  stand  for  14  hours.  The  alcohol  was  then  distilled  off  and 
the  residue  was  treated  with  water  and  extracted  with  ether.  The  ether 
solution  was  washed,  dried  and  distilled.  The  product  (19.5  g.)  was 
fractionated  under  15  mm.  pressure.    The  fractions  were: 

I.  Boiling  up  to  10 1 ** 5-5  g-         III.  195-250* 3.2  g. 

n.  101-160* 1.5  g.  rv.  250-260° 6.7  g. 

^  Am,  Chem,  J.,  22,  180  (1899). 
•  Ber.,  25,  3027  (1892). 
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Fractions  III  and  IV  crystallized  when  cool.  They  were  dissolved  in 
ether  and  the  ether  solution  was  shaken  with  io%  sodium  hydroxide. 
The  sodium  hydroxide  solution  yielded  i  .6  g.  of  benzylcyanoacetic  add;: 
the  ether  solution  gave  4.9  g.  of  dibenz3dcyanoacetic  add  methyl  ester, 
which  crystallized  when  cold.  It  was  recrystallized  from  an  ether-ligroitt 
mixture,  coming  out  as  large,  six-sided,  white  plates  melting  at  78-79^. 

Calc.  for  CisHnNOt:  C,  77.43;  H,  6.09;  N,  5.02.    Pound:  C,  77.81  and  77.69;  H^ 
6.83  and  6.43;  N,  5.1 1. 

The  methyl  ester  was  also  prepared  by  treatment  of  the  silver  salt  of 
dibenzylcyanoacetic  acid  {q,  n.)  with  methyl  iodide. 
The  study  of  the  derivatives  of  cyanoaoetic  add  is  being  continued. 

DVCATUa,  IlA. 


[CONTRIBimON  tmOfU.  THK  HaRRDCAN  RasSARCH  LABORATORY,  RoOSSVfllfT  HOSPITAI^,. 

Nuw  York.] 
A  COMPARATIVE  STUDY  OF  AERATION  AND  HEAT  DISTILLA- 
TION IN  THE  KJELDAHL  METHOD  FOR  THE  DE- 
TERMINATION OF  NITROGEN. 

Bt  K.  Gvokos  Pauc  AMD  S:amsmatsu  Suoxura. 
Received  January  31,  1916. 

In  I903)  Polin'  described  a  method  for  the  determination  of  ammonia, 
in  urine  based  upon  its  removal  by  passing  a  rapid  current  of  air  through 
the  solution  under  suitable  conditions,  absorbing  the  ammonia  in  acid, 
and  titrating  the  excess  of  acid. 

P.  A.  Kober,'  in  1908,  proposed  the  use  of  aeration  for  the  separation  of 
ammonia  in  all  Kjeldahl  determinations  in  place  of  the  ordinary  heat 
distillation  and  described  the  apparatus  and  method  to  be  employed.  He 
quoted  experiments  made  by  Dr.  Elristeller  on  the  estimation  of  the 
ammonia  in  an  ammonium  chloride  solution*  three  by  aeration  and  two* 
by  heat  distillation,  with  excellent  agreement. 

In  the  following  year,  Sebelien*  suggested  the  same  method  for  all 
Kjeldahl  determinations.  He  worked  with  ammonium  salts  only  and 
studied  the  conditions  necessary  for  the  removal  and  absorption  of  the 
ammonia. 

Davis*  foimd  aeration  to  give  unsatisfactory  results  in  the  determina- 
tion of  nitrogen  in  cottonseed  meal  and  proposed  to  heat  the  solutions- 
during  aeration.  Gill  and  Grindley'  confirmed  the  work  of  Davis  with 
cottonseed-meal,  but  obtained  results  agreeing  with  heat  distillation  for 
a  number  of  other  substances. 

*  Z,  physiol.  Chem.,  33,  161  (1903). 

*  Tms  Journal,  30,  i  (1908). 
«  Chem.  Ztg.,  33i  795  (1909). 

*  This  Journai.,  31,  556  (1909). 

*  Ibid.,  31,  1249  (1909}. 
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In  a  second  paper^  Kober  gave  further  details  for  carrying  out  the 
method  and  recorded  three  results  comparing  the  aeration  and  heat 
distillation  procedures  with  magnesium  phosphate  present,  showing 
practically  perfect  agreement,  while  in  a  third  paper*  some  of  the  ques- 
tions involved  were  discussed  further  and  a  number  of  experiments  using 
the  aeration  procedure  given. 

Dillingham,'  following  Kober's  directions,  found  with  ammonium 
sulfate  that  from  3  to  15%  of  the  ammonia  remained  in  the  residues 
after  aeration,  and  that  this  could  be  obtained  by  subsequent  heat  distilla- 
tion. 

In  Kjeldahl  determinations  made  in  this  laboratory,  the  aeration 
procedure  has  heretofore  been  used.  It  was  observed  recently,  in  the 
analysis  of  certain  proteins  in  this  way,  that  the  nitrogen  contents  were 
much  less  than  those  recorded  in  the  literature.  These  differences  led 
to  a  careful  study  of  the  factors  involved  and  ultimately  to  a  comparison 
of  the  aeration  and  heat  distillation  procedures,  the  results  of  which  are 
communicated  in  this  paper. 

The  main  point  to  be  emphasized  in  this  study  is  that  in  the  determina* 
tion  of  the  ammonia  by  aeratioUi  not  only  were  the  results  obtained  com- 
pared with  the  theoretical  nitrogen  contents  of  pure  substances  wherever 
possible  and  with  the  results  obtained  by  heat  distillation,  but  every 
solution  which  was  aerated  was  then  submitted  to  heat  distillation.  It 
may  be  stated  in  advance  that  the  results  showed  the  aeration  method 
to  be  unreliable  when  compared  with  the  direct  heat  distillation  method. 

The  conditions  stated  by  Kober  to  be  most  suitable  were  strictly 
adhered  to  in  carrying  out  the  aeration  experiments.    The  substances 
given  in  Table  I,  (Sssolved  in  20-25  cc.  water,  were  digested  with  20  cc. 
cone,  sulftuic  acid,  10  g.  potassium  sulfate,  and  0.2  g.  crystallized  copper 
sulfate,  either  for  an  hour  after  charring  had  disappeared  or,  with  urea 
and  uric  acid  where  there  was  little  charring,  for  an  hour  after  the  ap- 
pearance of  dense  white  fumes.    The  mixtures  were  then  diluted  with 
So  cc.  of  water  and  75  cc.  of  sodium  hydroxide*  were  added  with  cooling 
in  the  aeration  apparatus.     Aeration  was  allowed  to  proceed  for  two 
1  This  Journal,  32,  6S9  (1910). 
« Ibid.,  35,  1594  (1913). 
»/Wd.,  36,  13 10  (1914). 

*  Kober  recommended  75  cc.  NaOH  solution,  sp.  gr.  i. 46-1 .48  (48®  B^.  obtained 
in  steel  drums)  for  20  cc.  cone,  stdfuric  acid.  He  fotmd  52  cc.  of  this  alkali  to  neutralize 
20  cc.  of  the  acid.  In  the  experiments  given  in  Table  I,  three  different  solutions  of 
^dkali  were  used.  They  were  made  up  from  sodium  hydroxide,  electrolytic  lumps. 
Bxpts.  15,  16,  18,  19,  23,  24,  27,  28,  30,  31,  33,  34,  36,  37,  39,  40  were  performed  with 
alkali,  sp.  gr.  1.461,  46.0  oc  of  which  were  required  to  neutralize  20  cc  of  the  cone, 
sulfuric  add  (sp.  gr.  1.84  at  13**);  Expts.  i,  2,  5,  6,  9,  10,  12,  13.  21,  22,  42,  43,  with 
alkali,  sp.  gr.  1.444,  49.2  cc.  neutralizing  20  cc.  of  the  add;  and  Expt.  4,  with  alkali, 
«p.  gr.  1.401,  55.6  cc.  neutralizing  20  cc.  of  the  add. 
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hours  or  some  minutes  longer  and  the  excess  acid  then  titrated,  using 
alizarin  sulfonic  acid  as  indicator.  The  alkaline  mixtures,  from  the 
aeration,  were  then  diluted  to  300  cc.  with  distilled  water  and  distilled 
by  heat  as  in  the  customary  Kjeldahl  procedure.  Suitable  blanks  were 
run  frequently  in  order  to  eliminate  errors  which  might  arise  from  dis- 
tilled water,  sulfuric  add,  etc.  A  total  volume  of  400  to  600  liters  of  air 
were  stated  to  be  sufficient  in  the  aeration  for  the  average  amount  of 
ammonia.  In  order  to  be  certain  that  these  conditions  were  adhered  to» 
an  apparatus  was  constructed  similar  to  the  crude  one  recommended 
and  the  rate  of  aeration  determined  immediately  before  and  after  each 
experiment.  This  ranged  from  280  to  390  Uters  of  air  per  hour  for  the 
different  experiments.  In  any  one  set  there  was  often  a  difference  even 
up  to  30%  in  testing  before  and  after  the  run.  Taking  the  mean  of  the 
two  values  in  these  cases,  in  general  the  rate  of  aeration  as  measured  for 
the  two  hours  or  longer  was  330-340  liters  per  hour. 

In  the  direct  heat  distillation  experiments,  the  mixttu-es  after  digestion 
were  diluted  to  about  225  cc,  75  cc.  of  the  NaOH  solution,  sp.  gr.  1444 
or  1. 46 1,  added,  and  distilled  in  the  customary  way  into  standard  add. 

In  Table  I  are  shown  the  results  obtained  for  a  number  of  nitrogenous 
substances.  Colunm  i  gives  the  substance  studied,  and  for  simple  sub- 
stances the  calculated  percentage  of  nitrogen;  Column  a,  the  number  ci 
the  experiment;  Column  3,  the  number  of  cc.  of  o.i  iV  add  neutralized 
by  the  ammonia  driven  over  in  the  aeration;  Coluxmi  4,  the  number  of 
cc.  of  o.i  iV  add  neutralized  by  the  ammonia  driven  over  by  heat  dis- 
tillation from  the  solutions  which  h^d  just  been  aerated;  Column  5,  the 
number  of  cc.  of  0.1  N  add  neutralized  by  the  ammonia  obtained  by  heat 
distillation  directly  without  aeration,  that  is  to  say  the  results  as  in  the 
ordinary  Kjeldahl  method;  Colunms  6-9,  the  percentages  of  nitrogen 
found;  Column  6  by  the  aeration;  Column  7  by  the  heat  distillation 
following  aeration;  Column  8  the  sum  of  Coltunns  6  and  7;  Column  9 
by  the  direct  heat  distillation  alone.  The  substances  were  dried  in  an 
dectric  thermostat  at  100-105°  to  constant  wdght  before  analysis.  The 
antitoxin  preparations  were  obtained  from  Dr.  E.  J.  Banzhaf  of  the 
Research  Laboratory  of  the  New  York  Health  Department.  The  castor 
bean  globulin  was  prepared  in  the  course  of  an  investigation  on  lipase. 

The  results  given  in  this  table  require  little  comment.  For  only  two 
substances,  the  second  tetanus  antitoxin  preparation  and  t3nrosine,  are 
the  values  found  by  aeration  alone  in  any  way  satisfactory.  Here  the 
percentage  of  nitrogen  was  increased  o.io  to  0.27  by  subsequent  heat 
distillation.  For  the  rest  of  the  substances,  the  nitrogen  contents  by  the 
aeration  procedure  were  found  to  be  in  error  (low)  by  amounts  ranging 
from  0.30  to  1.97%.  The  sum  total  of  nitrogen  found  by  aeration  and 
subsequent  heat  distillation  agreed  very  satisfactorily  in  every  case  with 


Digitized  by  VjOOQIC 


STUDY  OF  ABRATION  AND  HBAT  DISTIUUATION. 


9X9- 


Table  I. — Comparison  op  Abratiom  and  Heat  Dibthjuatzon  m  Kjsu>ahi« 

Determinations. 

Cc.  0.1  N  acid  used.     Percentage  nitrogen  found. 


Sabstance. 

Casein  (Merck) 


Antitoxin  preparation 
(meningitis) 


Antitoxin  preparation 
(tetanus) 

Antitoxin  preparation 
(tetanus) 

Antitoxin  preparation 
(streptococcus) 

Castor-bean  preparation 
(globulin) 

Hexamethylenetetramine 
(39.99%) 

Uric  add  (33-33%) 


Glycylglycine  (21.21%) 
Alanyl  glycine  (19.18%) 
Tyrosine  (7.74%) 
Glycine  (18.67%) 
Alanine  (1573%) 
Urea  (46.66%) 


Bxpt.    Gram 
no.      taken. 


Aera- 
tion. 


Then    Distn. 
distn.    alone. 


1  O.I519  15-65  0.52 

2  0.1530  16.00  0.56 

3  0.1549   

4  0.1496  13.72  0.65 

5  0.1532  14.29  0.34 

6  0.1512  14.04  0.37 

7  O.1518  

8  O.1515   

9  0.1503  14.16  0.51 

10  0.1512  14.44  0.3a 

11  0.1510 

12  0.1489  14.42  0.26 

13  0.1511  14.53  0.24 

14  0.1518  

15  0.1520  14.23  0.36 

16  0.1507  14.05  0.52 

17  0.1503  

18  0.1533  18.04  065 

19  0.1525  18.20  0.41 

20  0.1517   

21  0.1016  27.53  1.43 

22  O.IOII  27.93  0.78 

23  O.IOI6 

24  O.I5I9  35.63  0.45 

25  0.I5I2  35.35  0.60 

26  0.1525  

27  0.I50I  22.23  0.58 

28  0.I5I7  22.48  0.55 

29  O.I5I6  

30  0.1499  20.12  0.37 

31  0.I5I5  20.50  0.33 

32  0.I5I8  

33  0.2016  10.71  0.39 

34  0.2018  10.86  0.15 

35  0.2030 

36  0.1518  19.52  0.69 

37  0.1513  19.76  0.39 

38  0.1512   

39  0.1508  16.33  0.55 

40  0.1525  16.85  0.30 

41  0.1513   

42  0.1028  32.79  1.40 

43  0.1004  32.24  I. I I 

44  0.1025  


16 


34 


14 

•71 

15 

.01 

14 

60 

18 

45 

28 

86 

36 

.25 

22 

.92 

20 

.76 

II 

09 

20 

10 

17 

00 

Aera-  Then 
tion. 


Diatn. 


72 


14.62  0.48  15. to 

14.65  0.51  15.16 

12.85  0.61  13-46 
13.07  0.31  13.38 
13.01  0.34  13.35 


15.1a 


61 


I3.4S 
13.U> 


13.20  0.47  13.69 
13*38  0.30  13.68 

13.56  0.24  13.80 
13.47  0.23  13.70 

13.12  0.33  13.45 
13.06  0.50  13.56 

16.46  0.59  17.05 
16.75  0.38  17. II 

37.96  1.97  39.93 
38.70  1.08  39-78 

32.86  0.41  33.27 
32:78  0.56  33.34 

20.75  0.54  21.29 

20.76  0.51  21.27 

18.81  0.35  19.16 
18.91  0.30  19.21 


13.65 


13.85 


13 


.61 


17.04 


39.79 


33.30 


21.18 


7.44  0.27 
7.54  o.io 


7.71 
7.64 


19.20 


7.66 


18.02  0.64  18.66 
18.29  0.36  18.65 

15.17  0.51  15.68 
15.48  0.28  15.76 

44.69  I. 91  46.60 

44.99  1.55  46.54 


18.63 


15.74 


08 


46.58 
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the  nitrogen  content  found  by  direct  heat  distillation  in  the  customary 
way. 

.  A  number  of  results  were  obtained  with  different  protein  substances 
in  which  the  heat  distillation  and  aeration  methods  were  used,  but  in 
which  the  solutions  after  aeration  were  not  heat  distilled.  The  differences 
ranged  for  0.40  to  1.50%  in  the  amounts  of  nitrogen  present,  the  results 
by  aeration  being  smaller  in  every  case.  As  these  results  add  nothing 
essential  to  the  results  given  in  Table  I,  they  need  only  be  referred  to  in 
connection  with  pointing  out  the  tmreliability  of  the  aeration  procedure. 
Although  the  scope  of  this  paper  does  not  include  the  study  of  the 
factors  upon  which  the  accuracy  of  the  aeration  procedure  might  de- 
pend, but  only  the  practical  usefulness  of  the  method,  some- of  the  results 
obtained  with  ammonium  sulfate  (without  digesting)  may  be  of  interest 
and  ar^  shown  in  Table  II.  The  headings  of  the  columns  taken  in  con- 
nection with  the  footnotes  and  the  description  of  Table  I  explain  the 
experiments.  The  rates  of  aeration  are  again  in  the  neighborhood  of 
330  liters  per  hour  and  were  fairly  uniform. 

Tabids  II. — ^Abration  and  Hbat  Distoxation  with  Ammonium  Sulfatb. 

Percentage  nitrogen  fonnd. 


Bxpt. 

H.S04. 

NaOH. 

Cc.0.1  AT  acid  used 

. 

Aera- 

Then 

Distn. 

Mixture. 

no. 

cc. 

cc. 

tion. 

distn. 

alone. 

A 

45 

25 

14.17 

0.87 

46 

35 

14.61 

0.58 

*  47 

45 

14.98 

0.19 

48 

55 

15.15 

0.06 

B 

49 

20 

75 

14.60 

0.48 

50 

20 

75 

14.83 

0.20 

51 

20 

75 

14.88 

0.21 

52 

20 

75 

14.87 

0.18 

53 

20 

75 

14.81 

0.25 

C 

54 

15 

.22 

D 

55 

20 

75 

14-77 

0.36 

56 

15 

75 

14.82 

0.34 

57 

10 

75 

14.89 

0.26 

Aera- 
tion. 

19.75 
20.37 
20.89 
21.12 

20.35 
20.68 

20.75 
20.73 
20.65 


Then 
distn. 

1. 21 

0.81 

0.27 

0.08 

0.67 

0.28 

0.29 

0.25 

0.35 


Sum. 

20.96 

21.18 

21.16 

21.20 

21.10 

20.96 

21.04 

20.98 

21.00 


Difts. 


07 


20.67  0.50  21.17 
20.74  0.48  21.22 
20.84        0.36        21.20 

Mixture  i4.— Total  volume  175  cc.  No  HfS04  or  K^SOa,  25  cc.  (NH4}tS04  sohitioa 
(  «  0.1005  g.  (NHOtSOi).     Different  amounts  NaOH  solution,  sp.  gr.  1.444. 

Mixture  B. — ^Total  volume  175  cc.  20  cc.  cone,  sulfuric  add,  10  g.  KtSO^  0.2 
g.  CuS04.5H»0,  25  cc.  (NHOiSO*  solution  (  =  0.1005  g.  (SlU)tS04).  NaOH  solu- 
tion, Expts.  49,  50,  5i»  sp.  gr.  1.444;  Expts.  52,  53,  sp.  gr.  1.470. 

Mixture  C. — 0.1012  g.  (NH4)iS04,  20  cc.  cone,  sulfuric  add,  10  g.  K1SO4,  0.2  g. 
CuS04.5H,0. 

Mixture  D. — ^Total  volume  175  cc.  Different  amounts  sulfuric  add,  10  g.  KI«S04. 
0.2  g.  CuS04.5HtO,  25  cc.  (NH4)iS04  solution  (  =  o.iooi  g.  (NH4)jS04).  75  «. 
NaOH  solution,  sp.  gr.  1.461. 

With  Mixture  A  and  different  amounts  of  NaOH  solution,  practically 
complete  distillation  of  the  ammonia  took  place  with  55  cc.  of  alkali. 
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With  less  alkali,  distination  was  incomplete,  although  no  acid  was  present 
originally  in  the  solution.  With  Mixture  B,  the  distillation  was  incom- 
plete with  75  cc.  alkali,  sp.  gr.  1.444  or  1.470,  sulfuric  add  and  potassium 
sulfate  having  been  added  to  the  solution  in  amounts  corresponding  to 
digestion  mixtures.  With  Mixture  D  the  presence  of  different  quantities 
of  sulftuic  add  originally,  made  only  a  comparativdy  small  difference 
in  the  error  of  the  aeration  procedure. 

Condusion. 
The  aeration  procedure  in  the  ordinary  Kjddahl  method  for  nitrogen 
very  often  gives  inaccurate  and  therefore  unreliable  results,  and  should 
not  be  used. 

N«w  York.  N.  Y. 


[Contribution  vrou  th«  Harriman  Rsssarch  Laboratory,  Roossvblt  Hospttal, 

Nbw  York.] 

STUDIES  ON  ENZTME  ACTION.    CORRECTIONS. 

By  K.  Gkokok  Palk  and  Kankmatsu  Sugiuka. 
Received  January  31,  1916. 

In  the  course  of  the  study  of  lipolytic  actions,  some  of  the  results  of 
which  were  communicated  in  previous  papers,  a  number  of  solid  prepara- 
tions were  described  and  analyzed.  The  nitrogen  contents  were  deter- 
mined by  the  Kjeldahl  method  with  the  aeration  procedure  recommended 
by  Kober.  The  unreliability  of  this  procedure  was  pointed  out  in  the 
preceding  paper^  and  it  is  the  object  of  this  paper  to  correct  the  nitroge'n 
results  given  in  former  papers  on  the  basis  of  the  customary  heat  dis- 
tillation procedure  in  the  Kjeldahl  method. 

The  esterase  preparations  from  castor  beans,*  water  extract  of  castor 
beans,  dialyzed,  filtered  clear,  precipitated  with  acetone,  designated  E  II 
gave  16.2%  nitrogen  for  the  dried  material  whether  dialyzed  5  or  20 
hours,  while  the  ash-free  material  gave  17.0%  nitrogen  (as  against  15. '7 
and  16.3%  by  the  aeration  procedure).  The  lipase  preparations' L  I, 
sattu-ated  NaCl  extraction  of  castor  beans  residues  after  water  extractions, 
dialysis,  filtration  and  washing  with  acetone,  gave  16.8%  nitrogen  for 
the  dried  material,  and  17.9%  for  moisture  and  ash-free  material  (17.0 
by  aeration).  L  II,  obtained  similarly  with  1.5  AT  NaCl  solution,  gave 
17.1%  for  moisture-free  or  17.9%  for  ash-  and  moisture-free  material 
(16 . 7  by  aeration).  L  II  reprecipitated  from  NaCl  solution,  gave  18 . 2% 
for  dried  or  18.4%  for  dried  and  ash-free  substance  (17.6%  by  aeration). 
The  lipase  preparation  from  soy  beans,*  preparation  by  water  extraction 

1  Cf.  also  Dillingham,  This  Journal,  36,  13 10  (1914). 

«  XII  paper,  Tms  Journal,  37,  223  (1915).    ' 

» Ihid.,  p.  227. 

*  XIII  paper.  This  Journal,  37,  651  (1915). 
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4ialyBis,  filtration,  and  precipitation  by  acetone,  gave  for  the  dried  snb- 
«t;wioe  15 . 5%  nitrogen  (14 . o  by  aeration). 

The  corrected  (higher)  nitrogen  contents  of  these  substances  (especially 
those  obtained  from  castor  beans)  approximate  more  nearly  the  analyses 
*of  similar  substances,  described  by  Osborne  and  others.^ 

..  .     N^W.YoWK.  N.  Y. 


(Contribution  from  thk  Biochemistry  Laboratoribs  of  tbs  Univbrsitibs  of 
Illinois  and  Southern  California.] 

niTROGBNOXTS  CONSTITUENTS  OF  BRAIN  LECITHIN. 

Bt  J.  B.  Daksab  and  C.  O.  MacAktbuk. 
Received  Pebroary  17,  1916. 

The  object  of  the  work  here  reported  was  to  study  the  hydndysis 
products  of  sheep  and  beef  brain  ledthm,  with  the  purpose  of  determining 
their  nitrogenous  constituents,  both  qualitatively  and  quantitatively. 

Preparation  of  the  Lecithin.— Fresh  sheep  and  beef  brain,  in  separate 
lots,  were  findy  ground  in  a  food-grinder.    They  were  then  allowed  to 
stand  in  acetone  for  two  days.    At  the  end  of  this  time,  the  material  was 
filtered,  thoroughly  pressed  in  a  fruit  press,  and  then  put  into  fresh 
aoetone.    The  acetone  was  changed  in  this  way  at  least  three  times. 
The  second  and  third  extractions  removed  most  of  the  fat  and  some 
•  extractives,  such  as  cholesterol.    The  dehydrated  material  was  kept  in  a 
,good  grade  of  acetone  until  it  was  required  for  use.    Portions  of  this 
,,1issue  were  filtered  out,  dried  on  glass  plates  in  a  current  of  air,  and  placed 
in  double  their  volume  of  benzene.    The  benzene  was  agitated  in  contact 
.with  the  tissue  on  a  shaking  machine.     Part  of  the  extractions  were 
made,  hot,  by  allowing  a  stream  of  water  heated  to  65^  to  flow  over  the 
bottle  containing  the  mixture,  while  it  was  shaking.    The  extraction 
period  was  from  two  to  four  hoinrs.    The  benzene  solution  was  filtered 
off  and  the  tissue  was  freed  from  benzene  so  far  as  possible,  by^the  fruit- 
press.    A  second  benzene  extraction  was  then  made.    A  few  trials  were 
made,  using  ether  instead  of  benzene  extraction.    This  solvent  seemed 
to  be  much  less  satisfactory  than  benzene,  and  is  more  likely  to  cause 
.  oxidation  of  the  lecithin. 

The  benzene  extracts  were  concentrated  almost  to  dryness,  by  dis- 
tilling under  reduced  pressiu-e,  in  a  carbon  dioxide  atmosphere^  over  the 
steam  bath.  The  light  brown  residue  was  dissolved  in  the  smallest 
possible  volume  of  ether,  which  had  been  freshly  distilled  over  calcium 
chloride.  This  solution  was  found  to  contain  cephalin,  lecithin,  and 
"white  substance."  The  cephalin  was  precipitated,  by  addition  of  a 
volume  of  absolute  alcohol  equal  to  two  and  one-half  times  the  vohime 
of  £he  ether  solution.  As  thus  precipitated,  the  cephalin  was  a  very 
light  brown  in  color,  and  in  waxy  condition,  easily  pressed  together. 
*  Cf.  Osborne,  "The  Vegetable  Proteins,"  1909. 
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Any  suspeaded  cephalin  was  filtered  out,  and  the  alcohol-ether  filtrate 
was  evaporated  with  diminished  pressure  in  a  carbon  dioxide  atmos- 
phere. The  temperature  was  not  allowed  to  rise  above  45^  during  any 
distillaticm  period.  When  evaporated  almost  to  dryness,  the  residue  was 
dissolved  in  a  small  portion  of  redistilled  ether.  By  addition  of  a  double 
volume  of  acetone,  the  lecithin,  togetiier  with  some  "white  material" 
was  precipitated.  '  The  precipitate  was  yellow  or  very  light  brown,  and 
adhered  to  the  walls  of  the  precipitation  jar  in  waxy  masses.  After 
filtering  off  the  ether-acetone  solution,  the  precipitate  was  thoroughly 
pressed  together  with  fresh  acetone,  in  much  the  same  manner  in  whidi 
butter  is  worked  to  remove  the  buttermilk. 

As  rapidly  as  possible  this  precipitate  was  freed  from  acetone  and 
placed  in  a  vacuum  desiccator,  over  sulftuic  add  or  caldum  chloride. 
The  desiccator  was  wrapped  in  doth  to  exdude  light,  and  allowed  to 
evacuate  for  several  hours.  When  thoroughly  dry,  the  material  was 
dissolved  in  freshly  distilled  ether  and  placed  in  tall,  stoppered  cylindeni. 
It  was  allowed  to  stand  in  the  ether  overnight.  The  *Vhite  substance" 
settled  out  and  the  dear  supernatant  solution  was  syphoned  off.  This 
solution  was  tested  for  cephalin,  by  addition  of  alcohol.  Usually 
cephalin  was  present,  and  the  alcohol  treatment  had  to  be  repeated. 

After  repredpitation  of  the  ledthin  by  the  above  method,  the  ether 
treatment  was  also  repeated,  to  remove  any  "white  substance"  still 
present.  The  original  benzene  extract  seemed  to  contain,  in  addition 
to  ledthin  and  cephalin,  a  protagon  which  was  not  comjdetdy  disiA- 
tegrated  until  the  alcohol-ether  treatment  had  been  repeated  several 
times.  It  was  therefore  necessary  to  repeat  the  test  for  cephalin  at  least 
three  times.  As  a  criterion  of  purity,  the  following  points  were  ob- 
served: (i)  absence  of  cephalin;  (2)  no  deposition  of  "white  substance," 
when  allowed  to  stand  in  ether  solution. 

In  the  latter  part  of  the  work,  the  lecithin  was  predpitated  by  addition 
of  the  ether  solution  of  the  material  to  the  acetone,  instead  of  the  reverse 
process.  The  last  purification  of  the  ledthin  was  made  by  predpitation 
with  acetone,  from  a  petroleum-ether  solution.  Six  samples  of  ledthin 
were  prepared,  designated  as  follows: 

LsciTmN  Preparations. 

Weight  of  iwodttet. 
Source.  G. 

I.  Beef  brain  (old  material  repttrified) 5 .0000 

n.  Beef  brain 17 .4149 

III.  Sheep  brain 4.0620 

rv.  Sheep  brain 18.6333 

V.  Beef  brain 9.7450 

VI.  Sheep  brain 11 .5000 

Hydrolysis.— The  ledthin  was  hydrol)rzed  with  3%  HCl,   or  with 
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1*^5%  KOH  in  aqueous  solution.  The  hydrolyzing  mixture  was  re- 
fluxed  for  from  15  to  20  hours  in  an  atmosphere  of  carbon  dioxide.  After 
add  hydrolysis,  the  free  fatty  adds  floated  on  the  surface.  In  case 
hydrolysis  by  KOH  had  been  used,  the  adds  were  liberated  by  addifying 
with  dilute  HCl.  The  adds  were  filtered  out  on  a  hardened  filter^  and 
were  washed  on  the  filter  with  water  containing  a  trace  of  add. 

Qualitative  Study  of  Nitrogenous  Products. 

Natural  Amino  Ethyl  Alcohol  by  Method  I. — ^Ledthin  Samples  I 
and  II  were  hydrolyzed  with  3%  HCl  for  15  hours.  The  filtrates  from  the 
fatty  adds  were  combined.  The  nitrogenous  bases  remained  in  the 
filtrate,  together  with  the  glycero-phosphoric  add.  This  solution  was 
evaporated  to  dryness,  using  a  low  temperature.  The  residue  was  taken 
up  in  the  smallest  amount  of  water  necessary,  and  barium  chloride  solu- 
tion was  added  in  excess.  Ninety-five  per  cent,  alcohol  was  then  added 
to  predpitate  the  barium  glycerophosphate.  This  predpitate  was 
filtered  off,  and  the  filtrate  was  evaporated  to  dryness.  The  residue 
was  taken  up  in  alcohol  and  evaporated  repeatedly,  to  free  it  from  alcohol- 
insoluble  material.  Finally,  the  residue  was  taken  up  once  in  absolute 
alcohol  and  evaporated.  It  was  then  dissolved  in  distilled  water.  To  a 
volume  measuring  120  cc.  were  added  18  cc.  of  concentrated  HCl,  and  a 
solution  of  15  g.  of  phosphotungstic  add  dissolved  in  30  cc.  of  water. 
The  solution  was  made  up  to  200  cc. ;  it  was  warmed  slightly,  then  allowed 
to  cool  in  the  refrigerator. 

The  choline-phosphotungstate,  thus  predpitated,  was  filtered  out  and 
washed  on  the  filter  with  200  cc.  of  a  solution  containing  5  g.  of  phos- 
photimgstic  acid  and  6  cc.  of  concentrated  HCl.  To  the  filtrate, 
phenolphthalein  was  added,  and  50%  sodium  hydroxide  was  run  in, 
until  alkalinity  was  reached.  The  solution  was  then  diluted  to  800  cc., 
and  a  20%  solution  of  crystalline  barium  chloride  was  added  in  excess. 
This  removed  the  excess  of  phosphotungstic  acid.  The  predpitate  was 
filtered  out  and  washed  free  from  chlorides.  Washings  and  filtrate  com- 
bined were  addified  with  HCl,  and  evaporated  to  dryness  on  the  steam 
bath.    The  residue  was  extracted  with  absolute  alcohol. 

The  alcohol  solution,  thus  obtained,  was  filtered  and  a  warm  saturated 
alcoholic  solution  of  picrolonic  acid  (i,p-nitro  phenyl-3-methyl-4-mtro-5 
pyrazolon)  was  added.  The  picrolonate  of  amino  ethyl  alcohol  pre- 
dpitated slowly,  after  standing  in  a  desiccator,  over  sulfuric  add  or 
calcium  chloride.  The  crystals  had  the  characteristic  appearance,  t.  c, 
tufts  of  yeUow  needles.  After  several  recrystallizations  from  alcohol, 
this  derivative  was  found  to  soften  at  221°,  and  melted  with  decom- 
position at  225**.  The  salt  prepared  from  s)mthetic  amino  ethyl  alcohol 
showed  exactly  the  same  crystalline  form  and  mdting  point.    On  mixing 
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the  synthetic  with  the  natural  derivative,  no  change  in  melting  point  was 
observed. 

Melting  point  of  natural  and 

synthetic,  221-225*.  Wt.  sample. 

Natural  derivative o .  1028 

Synthetic  derivative o  .0743 

Synthetic  Amino  Ethyl  Alcohol. — It  may  be  well  to  outline  the  pro- 
cedure followed  in  the  s)mthesis  of  the  base.  The  available  starting 
point  in  the  synthesis  seemed  to  be  ethylene  bromide.  A  mixture  of 
175  S'  o^  potassium  acetate  and  175  g.  ethylene  bromide  with  350  g.  of 
85%  ethyl  alcohol  were  refluxed  together  for  two  days  on  the  water  bath. 
The  resulting  mixture  was  distilled.  The  fraction  boiling  from  130**  to 
190°  was  redistilled.  Most  of  it  distilled  at  182**.  This  glycol-acetate 
was  saturated  with  dry  HCl  gas.  The  chloracetic  ester  separated  as  a 
brown  oil.  This  oil  was  placed  in  a  separatory  funnel  and  dropped 
slowly  into  a  50%  solution  of  KOH  in  water.  The  alkali  was  warmed 
slightly  at  the  same  time.  The  resulting  vapors  were  passed  through  a 
condenser,  cooled  by  means  of  ice- water  drawn  through  by  the  suction  of. 
a  water  pump.  The  cooled  vapors  of  ethylene  oxide  were  thus  con- 
ducted into  a  collecting  flask  containing  a  saturated  solution  of  ammonia 
in  ethyl  alcohol,  and  surrounded  by  a  freezing  mixture.  The  flask  was 
provided  with  a  small  outlet  tube,  to  release  pressure.  The  alcohol 
solution,  containing  the  ethylene  oxide  and  ammonia,  was  allowed  to 
stand  tightly  stoppered,  for  two  days. 

The  alcohol  solution  was  fractionated.  At  first,  ammonia  vapor  and 
alcohol  passed  over.  Fractions  from  85°  to  130**  were  redistilled.  Frac- 
tions boiling  at  120-180^  were  also  redistilled.  Finally,  combining  the 
higher  boiling  fractions,  all  distilled  over  at  120-140°.  This  fraction 
was  a  light  brown  oil,*  which  rapidly  grew  dark  in  color.  It  had  a  strong 
basic  odor  and  attacked  cork  readily.  Allowing  for  small  amounts  of 
water  and  alcohol  probably  present,  the  yield  was  approximately  2  g. 
The  picrolonate  derivative  of  the  synthetic  base  proved  to  have  the  same 
properties  as  the  derivative  of  the  natural  base,  as  previously  described. 
The  melting  point  was  225°.  The  crystals  formed  characteristic  tufts 
of  yellow  needles,  with  twinning. 

Naitural  Amino  Ethyl  Alcohol  by  Method  n. — ^A  somewhat  different 
method  was  used  in  lecithin  Samples  III-VI  than  in  Samples  I  and  II, 
for  isolation  of  the  amino  ethyl  alcohol.  Sample  III  was  hydrolyzed 
with  3%  HCl,  Samples  IV  and  V  with  5%  KOH,  and  Sample  VI  with 
1.6%  KOH.  Hydrolysis  products  of  Samples  III,  IV,  and  V,  were  com- 
1  Thia  agrees  well  with  Knorr's  value,  i.  e.,  21.31%  Nj.  M.  p.  221-225*'.  Ber., 
3O1  909  (1897). 

*  Knorr,  Ber.,  30,  909  (1897};  Wurtz,  Ann,,  1149  51  (1890);  I2X>  228  (1862);  Atkin- 
son, Ibid.,  Z09,  232  (1859);  Simpson,  Ibid.,  1x3,  115  (i860). 
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bined  and  examined  together  for  amino  ethyl  alcohol,  while  Sample  VI 
was  treated  separately.  The  solution  of  chlorides  of  the  base  was 
evaporated  to  diyness  and  extracted  with  absolute  alcohol,  then  a 
solution  of  platintun  chloride  was  added  to  precipitate  the  choline. 
The  precipitate  came  down  in  fine  yellow  flocks.  By  recrystalliza- 
tion  from  dilute  alcohol,  and  ignition  of  a  sample  in  a  porcelain  cru- 
cible, 31.8%  platintun  was  obtained.  The  calculated  value  is  31.64% 
platinum.^ 

The  excess  platinum  was  removed  from  the  alcohoUc  solution  of  the 
bases,  by  saturation  with  HjS.  The  glycero-phosphoric  add  was  not 
removed  as  was  done  in  the  first  preparations,  but  potassium  hydroxide 
in  sticks  was  added  to  the  strongly  concentrated  alcoholic  solution  in  a 
distiliing  bulb  until  the  solution  reacted  alkaline.  Amino  ethyl  alcohol 
was  then  distilled  off,  leaving  a  residue  of  potassium  glycerophosphate. 
The  largest  fraction  distilled  over  at  160-165**.  The  purest  fractioa 
distilled  at  177-185^.  We  obtained  the  same  substance  (amino  ethyl 
alcohol)  as  was  obtained  by  the  previous  method;  and  with  much  less 
'trouble.    The  picrolonate  and  the  chloroaurate  were  prepared. 

The  chloroaurate  was  made  by  adding  concentrated  HCl  to  the  base^ 
and  then  a  molecular  equivalent  of  gold  chloride  in  a  3%  aqueous  solu- 
tion.  After  standing  a  week  in  a  good  vacuum  desiccator  over  sulfuric 
add,  the  salt  crystallized  in  needles  over  a  centimer  long,  of  a  golden 
yellow  color.  This  salt  was  so  hydroscopic  that  it  was  difficult  to  obtain 
a  mdting  point.  After  heating  in  a  glass  tube  immersed  in  sulfuric 
add  maintained  at  120-150°  for  two  hours,  the  salt  became  free  from 
water  and  mdted  at  186°.'  An  attempt  to  crystallize  the  salt  from 
water  solution  failed.  It  was  necessary  to  recrystallize  it  from  con* 
centrated  HCL'  Metallic  gold  separated  as  the  salt  crystallized,  there- 
fore it  was  necessary  to  determine  the  percentage  of  gold  present  as 
metallic  gold,  and  to  deduct  this  value  from  the  total  percentage  of  gold 
in  the  salt.    This  was  done  by  use  of  an  alundum  filter  cone. 

After  treatment  with  concentrated  HCl,  washing  with  water,  then 
with  alcohol  and  ether,  the  cone  was  dried  in  a  steam  oven.  It  was  then 
ignited  to  constant  weight.  Then  a  sample  of  the  diloroaurate  was 
wdghed  out  in  the  cone,  treated  with  concentrated  HCl,  washed  with 
water,  then  with  alcohol  and  ether,  then  dried  and  ignited  as  before. 
The  free  metaUic  gold  was  found  to  be  2.13%.  The  total  gold  was  founds 
by  ignition  of  the  chloroaurate,  to  be  51.31%  and  51  52%,  in  two  checks. 
By  subtraction  of  the  metaUic  gold,  49.18%  and  49-39%  gold  content 

^  Gulewitscfa  obtained  31.80%  platinum.    Z.  pkysid.  Chem.,  249  517  (1898). 

"  Knorr  gives  190". 

*  This  was  also  the  experience  of  Trier,  Z.  physici.  Chem.,  86,  153  (1913}- 
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were  obtained.^  The  salt  obtained  by  crystallizing  the  filtrate,  from 
metallic  gold  in  the  almidwn  cone,  showed  a  gold  content,  after  ignition, 
of  49.40%.  Calculated  for  CsHtNO-HCI-AuCU:  gold  equals  49.17%. 
♦  It  seems  evident  from  the  boiling  point  of  the  free  base  and  analyses 
of  the  chloroaurate  and  picrolonate  derivatives,  together  with  a  com- 
parison of  the  same  with  the  S3mthetic  preparations,  that  one  of  the 
nitrogen-containing  bases  of  beef  and  sheep  brain  lecithin  is  amino  ethyl 
alcohol.  That  choline  is  also  present  was  confirmed  by  analysis  of  the 
platinum  salt,  as  above  described.  Sheep  and  beef  brain  lecithin,  there- 
fore, contain  the  same  nitrogenous  constituents  as  egg  lecithin,  but  in 
different  proportions. 

Quantitative  Study  of  Nitrogenous  Products* 

For  some  of  the  quantitative  determinations  the  lecithin  used  in  the 
qualitative  study  just  described  was  further  ptuified.  It  was  emulsified 
in  distilled  water,  enough  dilute  hydrochloric  add  added  drop  by  drop 
to  give  a  flocculent  precipitate.  This  was  rapidly  filtered,  washed  till 
it  began  to  dissolve,  then  redissolved  in  a  large  volume  of  water  and 
reprectiMtated  with  hydrochloric  add,  washed  with  water  then  with 
acetone.  The  acetone  was  removed  in  a  vacuum  desiccator.  This 
preparation  will  be  designated  HCl  Lecithin, 

The  ledthin  sample  (i,  2  or  3  g.,  usually  3  g.)  was  hydrol3rzed  with 
200  cc.  of  a  dilute  hydrodiloric  add  solution  (20  cc.  HCl  -f-  180  cc.  HsO) 
for  30  hours.  The  fatty  adds  were  filtered  off  and  washed  three  times 
with  dilute  hydrochloric  add.  A  nitrogen  determination  was  run  on  the 
fatty  adds.    This  nitrogen  is  Residue  Nitrogen. 

The  filtrate  was  slowly  evaporated  to  dryness  on  a  water  bath  to  remove 
the  excess  of  hydrochloric  add  and  a  small  amotmt  of  fatty  acids.  The 
residue  was  treated  with  several  smaU  portions  of  water,  which  were 
filtered  into  a  50  cc.  measuring  flask.  The  solution  was  made  up  to 
exactiy  50  cc.  The  nitrogen  determination  on  10  cc.  of  the  filtrate  gave 
Total  Filtrate  Nitrogen. 

Another  10  cc.  portion  was  used  for  the  Amino  Nitrogen  by  means  of 
amino  nitrogen  apparatus.^  This  indicates  the  amotmt  of  amino  ethyl 
alcohol. 

Ten  cc.  were  carefully  evaporated  to  dr3aiess,  treated  with  absolute 

alcohol  in  several  small  amounts,  filtered,  and  chloroplatinic  add  added 

in  slight  excess.    The  choline  platinum  chloride  was  filtered  off  and  a 

nitrogen  determination  run  on  the  predpitate.     This  represented  Choline 

Nitrogen. 

^  Knorr's  value,  %  gold  equals  49.15%  and  49.02%;  Trier's  value,  %  gold  equals 

49-27%. 

•  Van  Slyke,  /.  Bid,  Chem.,  12,  275  (1912). 
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Ammonia  Nitrogen  was  determined  on  lo  cc.  by  making  it  alkaline  with 
I  g.  of  potassium  carbonate  and  drawing  over  the  ammonia  into  standard 
add  in  the  usual  way.^ 

An  estimation  was  made  of  the  Amino  Acid  Nitrogen  on  tlje  remaining  . 
lo  cc.  by  the  copper  method.' 

The  following  quantitative  data  were  thus  obtained.  The  figures 
indicate  the  percentage  of  nitrogen  in  the  ledthin. 

Sheep  HO    Sheep  HCI    Sheep  HCl  Sheep  Beef 

lecithin  lecithin  lecithin  lecithin  ledthin 

(new).  (new).        (5  mo.  old).     (5  mo.  old).        (new). 

Residue  nitrogen 0.24  0.26  0.31  0.36  0.35 

Ammonia  nitrogen 0.03  0.02  0.05  0.04  0.05 

Amino  add  nitrogen 0.04  0.04  0.05  0.05  0.04 

Choline  nitrogen 0.72  0.75  0.72  0.70  0.53 

Amino  (alcohol) nitrogen...  0.74  0.7a  0.58  0.60  0.75 

Total  filtrate  nitrogen 1.55  1.54  1.50  z.38  z.42 

Total  nitrogen 1.79  1.80  1.81  1.74  1.77 

Discussion  of  Quantitative  Data. 
The  residue  nitrogen  is  slightly  larger  in  beef  brain  lecithin  than  in 
sheep  brain  lecithin.  This  is  undoubtedly  due  to  the  fact  that  the  beef 
brain  lecithin  available  for  this  work  had  not  be^i  treated  with  hydro- 
chloric add  and  water  as  had  most  of  the  sheep  brain  samples.  Where 
the  latter  had  not  been  so  treated  the  amount  of  residue  nitrogen  is  about 
the  same  as  in  beef  brain  lecithin.  It  is  not  known  just  what  this  residue 
nitrogen  represents.  However,  the  study  of  this  fatty  add  residue 
through  a  separation  of  the  fatty  adds  by  the  usual  lead  acetate  method 
and  then  a  bromination  of  the  unsaturated  adds  showed  that  the  nitr(^;en 
containing  part  of  this  residue  was  with  the  oleic  bromide  and  could  be 
separated  from  it  by  its  insolubility  in  acetone,  the  oldc  bromide  being 
soluble  in  this  reagent.  The  amoimt  of  nitrogen  in  this  acetone-insoluble 
material  was  1.3%.  It  looks  then  as  though  the  residue  nitrogen  rep- 
resented a  substance  that  has  about  the  same  solubilities  as  the  rest 
of  the  ledthin  that  is  attached  to  it  either  by  chemical  combination  or 
adsorption  so  firmly  that  no  known  method  of  purifying  the  ledthin  re- 
moves it.  That  it  becomes  constant  at  about  0.25%  and  that  no  amount 
of  piuification  lowers  this  value  lead  one  to  believe  it  is  an  integral  part 
of  the  molecule.  Yet  it  is  rather  difficult  to  reconcile  this  view  with  the 
fact  that  this  residue  nitrogen  substance  has  the  same  solubilities  it  had 
in  the  original  ledthin  even  after  alkali  hydrolysis,  the  lead  acetate  separa- 
tion and  bromination.  This  makes  one  look  upon  it  as  a  saturated  im- 
pmity  with  properties  so  similar  to  ledthin  that  no  known  method  re- 
moves it.    Some  preliminary  experiments  on  brominating  the  ledthin 

»  Denis,  /.  Bid.  Chem.,  8,  427  (1910). 
«  Kober,  This  Journal,  35,  1546  (1913)- 
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indicate  that  through  the  bromo  derivative  the  lecithin  can  be  purified. 

The  presence  of  a  small  amount,  almost  negligible  in  most  cases,  of 
ammonia  is  possibly  due  to  a  small  amount  of  an  ammonium  lecithinate, 
or  more  probably  to  a  contamination  of  ammonia  from  the  laboratory 
during  the  preparation  and  hydrolysis,  though  the  usual  precautions 
against  contamination  were  taken.  The  fact  that  the  amount  was  so 
small  and  so  variable  supports  the  latter  view. 

There  is  but  little  amino  acid  nitrogen  in  lecithin.  This  differentiates 
lecithin  from  cephalin.  The  latter  has  a  considerable  part  of  its  nitrogen 
in  an  amino  add.^ 

Choline  contains  about  one-half  of  the  soluble  nitrogen  of  both  sheep 
and  beef  lecithin.     In  cephalin,  on  the  other  hand,  there  is  no  choline. 

Most  of  the  other  half  of  the  soluble  nitrogen  is  in  the  amino  ethyl 
alcohol.  The  amount  present  is  not  largely  different  in  sheep  and  beef 
brain  lecithin,  though  as  a  rule  there  is  appreciably  more  amino  alcohol 
nitrogen  and  slightly  less  choline  nitrogen  in  beef  brain  leetthin.  It 
will  be  noticed  in  the  analysis  that  the  older  samples  of  sheep  lecithin 
give  lower  values  for  amino  nitrogen.  This  would  indicate  that  on 
oxidation  the  amino  nitrogen  slowly  changes  to  some  other  form. 

From  this  study  it  can  be  concluded  that  sheep  and  beef  brain  lecithin 
contain  an  tmhydrdyzable  portion  of  nitrogen  and  a  hydrolyzable  portion, 
the  latter  comprizing  about  85%  of  the  total.  Of  this  soluUe  portion 
about  one-half  oi  the  nitrogen  is  in  choline  and  the  other  half  in  amino 
ethyl  alcohol. 

It  seems  probable  that  it  is  m^ ely  a  coincidence  that  in  brain  lecithin 
the  amount  of  amino  ethyl  alcohol  should  approximately  equal  that  of 
choline.  Lecithins  from  other  sources  have  decidedly  different  ratios 
between  these  two  substances.  In  fact  these  lecithins  are  undoubtedly 
to  be  distinguished  from  one  another  by  the  varying  amounts  they  con- 
tain of  these  nitrogenous  bases.  It  is  even  likely  that  beef  and  sheep 
brain  lecithin  can  be  differentiated  by  the  higher  choline  content  of  the 
latter. 

Conclusion. 

(i)  The  presence  of  amino  ethyl  alcohol  was  demonstrated  by  analyses 
of  the  gold  double  salt  and  of  the  picrolonate  derivative.  In  every  re- 
spect these  analyses  were  in  agreement  with  the  analyses  of  the  corre- 
sponding derivatives  of  synthetic  amino  ethyl  alcohol. 

(2)  By  analysis  of  the  platinum  salt,  the  presence  of  choline  in  brain 
lecithin  was  confirmed. 

(3)  These  bases  (choline  and  amino  ethyl  alcohol)  were  present  in  both 
beef  and  sheep  brain  ledthia  prepared  by  the  above  method. 

*  MacArthur,  This  Jourkal,  36,  2397  (1915)- 
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(4)  In  both  sheep  and  beef  brain  ledthin  the  amount  of  choline  nitrogen 
is  about  equal  to  the  amino  alcohol  nitrogen,  the  two  comprising  85% 
of  the  total  nitrogen  in  the  lecithin. 

(s)  The  other  15%  is  in  the  form  of  an  unhydrolyzable  residue. 

(6)  If  lecithin  is  a  single  substance,  and  it  probably  is  not,  or  at  least 
a  much  more  complex  one  than  is  usually  believed,  it  probably  contains 
one  molecule  of  each  of  the  nitrogenous  bases,  choline  and  amino  ethyl 
alcohol.  This  associated  lecithin  molecule  is  rather  firmly  combined 
with  a  saturated  nitrogenous  substance  which  it  has  been  impossible,  as 
yet,  to  remove, 

tot  AwOBbM,  CAt. 
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AMD  Rush  Mbdical  Cou^aoa,  Chicago.] 

THE  EFFECTS  OF  COMMERCIAL  GLUCOSE  WHEN  FED  TO 

WHITE  RATS. 

Br  A.  J.  Caklson,  L.  Hsktosn  yro  B.  It.  LsCotnnr. 
Rec«lT«d  Pebfuary  12,  1916. 

In  order  to  study  the  general  effects  of  commercial  glucose  when  con- 
sumed regularly  in  ccmsiderable  quantities  for  a  relatively  long  period 
of  time,  young  white  rats  were  fed  over  a  period  of  six  months  with  bread 
c(mtaining  a  certain  amount  of  glucose.  The  white  rat  was  selected 
because  it  is  an  easily  handled,  omnivorous  animal  whose  average  span  of 
life  covers  about  three  years.  For  purposes  of  control  another  set  of 
rats  was  fed  on  bread  containing  a  certain  amount  of  granulated  cane 
sugar  and  a  third  set  on  bread  without  sugar. 

The  bread,  which  was  imleavened,  consisted  of  flour,  looo  parts;  lard, 
25  parts;  baking  soda,  15  parts;  hydrochloric  acid,  enough  to  neutralize 
the  soda;  water  as  required  for  floiu*,  about  655  parts;  commercial  glucose, 
34  parts,  in  the  case  of  '^Glucose  Bread,"  and  granulated  cane  sugar, 
26.5  parts,  in  the  case  of  "Cane  Sugar  Bread."  Fresh  lots  of  the  three 
kinds  of  bread  were  baked  each  Wednesday  and  Saturday. 

In  the  laboratory  in  which  the  experiment  took  place,  white  rats  are 
fed  on  white  bread  (baker's)  about  seven  days  old,  small  quantities  of 
carrots,  and  occasionally  a  little  meat.  Fresh  water  is  supplied  each 
day.  Careful  special  observations  showed  that  25  rats  of  the  average 
weight  of  75  g.  would  eat  275  g.  of  bread  and  170  g.  of  carrots  a  day. 
On  the  basis  of  these  results  and  of  the  general  experience,  the  feeding 
experiment  was  conducted  with  young  rats,  25  in  each  cage,  and  a  daily 
ration  for  each  cage,  to  begin  with,  of  300  g.  of  bread,  12  g.  per  rat,  150 
g.  of  carrots  or  other  vegetables,  o]/  of  meat  occasionally,  and  plenty  of 
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water,  all  remnants  of  food  being  removed  and  a  new  supply  pnt  in  at  a 
certain  time  each  day. 

Accordingly,  the  e3q)eriment  was  started  in  the  early  part  of  April, 
I9i5»  with  200  young  rats  obtained  from  the  Wistar  Institute  of  Anatomy 
and  Biology  in  Philadelphia  during  the  previous  month. 

The  rats  were  received  in  four  lots  of  50.  Lot  i  being  bom  between' 
the  first  and  fourth  of  February,  Lot  2  between  the  first  and  eighth.  Lot 
3  between  the  first  and  the  tenth,  and  Lot  4  between  the  eleventh  and 
eighteenth.  The  average  weight  of  the  animals  Maix:h  29  varied  from 
70  g.  in  the  case  of  the  oldest  lot  to  57.6  g.  in  the  case  of  the  jfoungest. 
It  should  be  stated  here  that  in  each  lot  were  several  rats  winch  were 
smaller  and  which  grew  less  than  the  others  ("stunts,"  "runts"). 

For  the  purpose  of  the  experiment  each  lot  was  divided  into  two  groups, 
as  nearly  as  possible  of  the  same  weight  and  proportion  as  to  sex,  of  25 
each,  which  were  caged  separately  in  galvanized  iron  cages  of  the  same 
size  and  construction;  the  cages  were  cleaned  regularly  and  kept  in  a 
large  well  ventilated  room  in  which  there  were  no  other  animals. 

The  designation  of  each  group,  the  kind  of  bread  fed  to  each  group, 
and  the  average  weight  on  April  9  are  shown  in  Table  I. 

Tabim  I. 


Lot  I.. 
Lota.. 
Lot  3  . 
Lot  4 


In  other  words,  four  groups  of  25  rats  each  were  put  on  glucose  bread, 
two  groups  on  sugar-free  bread,  and  two  groups  on  cane  sugar  bread. 
It  was  thought  that  this  subdivision  would  offer  a  good  chance  for  well 
controlled  experiments  with  different  kinds  of  bread  under  similar  condi- 
tions for  the  different  lots  as  received  from  Philadelphia. 

Whenever  a  female  rat  gave  indications  of  being  pregnant,  it  was  placed 
by  itself  on  the  same  ration,  proportionately,  as  before.  As  soon  as  the 
conditions  allowed  it,  such  rats  were  returned  each  to  its  group.  So 
far  as  possible  a  record  was  kept  of  the  niunber  of  young  bom  in  each 
group.  As  rats  sometimes  eat  their  young  and  as  it  may  be  difBicult  to 
detect  that  a  rat  is  pregnant,  this  record  of  the  number  of  young  is  not 
absolutely  correct. 


DetlgnaUon. 
Group  I  A 
Grbup  I  B 

Bre*d. 
Glucose 
Sugar-Cree 

ATcrage  wt. 
(grams). 

80 

79.2 

Males. 
ZX 
14 

Pemaiea. 

14 
II 

Gsoupa  A 
Group  2  B 

Glucose 
Sugar-free 

79.1 
78 

13 

12 

10    (2   "runts"  died,  one 
13      April  5,  one  April  8) 

Group  3  A 
Group  3  C 

Glucose 
Cane  sugar 

68 

75.2 

II 

12 

IS 

Group  4  A 
Group  4  C 

Glucose 
Cane  sugar 

60.4 
59.2 

12 

13 

13 
12 
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Sick  or  untidy  rats  were  isolated  in  large  glass  bowls  and  given  a  double 
ration  of  carrots.  They  were  returned  to  their  group  only  after  complete 
recovery. 

The  rats  did  not  escape  infections,  and  during  the  course  of  the  experi- 
ment a  number  of  spontaneous  deaths  occurred,  mostly  from  pneumonic 
infection  and  possibly  also  from  so-called  rat  typhoid.  These  infections 
occurred  in  all  the  groups  and  did  not  affect  the  groups  fed  a  certain  Idnd 
of  bread  more  severely  than  the  other  groups. 

On  May  12  the  bread  ration  was  increased  to  16  g.  per  day  per  rat; 
on  August  23  the  carrot  ration  was  increased  to  15  g.  per  rat  and  day; 
no  other  change  was  made  in  the  food.  As  a  rule  the  day's  supply  was 
wholly  consumed  at  the  end  of  24  hours  with  the  exception  of  the  hardest 
of  the  bread  crusts. 

The  total  weight  of  each  group  was  determined  every  two  weeks  and 
the  average  weight  per  rat  computed  (see  Table  II  and  curves).    In  no 


I70 

^/so- 

^  /JO- 

I  90 

80 

70 

60 

50 


April    May  Tunc 


July     Aug.  Sept  Oct 


Weight  curves  of  all  groups. 


case  is  the  weight  of  young  after  birth  included  in  the  weights.  The 
results  show  that  weight  increased  at  practically  the  same  rate  in  the 
various  groups. 
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fe 

Tabub  II. 

3 

Stimnuuy  of  Chief  Observations,  April  8th  to  October  7th. 

Onmpa 

of 

rata. 

/kprtt9. 

Died. 

KiUed 

Approx. 
num- 
ber of 
young. 

Young 

born 

^pt. 

8  to 

Oct.  7. 

October  7. 

Increase 
in  wt. 

Kinda 

i    of  bread 
fed  to 
each  group. 

r 

M. 

Av.wt. 
F.     (g.). 

M.      P. 

Av.wt. 
(g.). 

I  A 

II 

14     80 

3 

4 

43 

22 

9       9 

153.61 

92.7 

Glucose 

iB 

14 

ID      79.2 

6 

4 

5 

3 

9       6 

178.66 

125.5 

Sugar-free 

'' 

2A 

13 

10      79.1 

5 

4 

38 

18 

7       7 

171.07 

116. 2 

Glucose 

2B 

12 

13      78 

7 

4 

30 

12 

8       6 

173.21 

122 

Sugar-free 

3A 

II 

14     68 

3 

4 

57 

30 

7     10 

142.16 

109 

Glucose 

3C 

12 

13     75.2 

7 

3 

22 

7 

9       6 

166.66 

121. 6 

Cane  sugar 

4A 

12 

13     60.4 

5 

4 

53 

15 

10       6 

163 . 12 

170 

Glucose 

4C 

13 

12     59.2 

6 

4 

54 

32 

6       9 

143  33 

142 

Cane  sugar 

Whenever  possible,  gross  and  microscopic  examination  was  made  of 
all  rats  that  died  spontaneously.  On  July  13  and  again  on  August  23 
two  rats  in  each  group,  the  subjects  of  the  experiments  on  antibody 
production  detailed  on  p.  7,  were  killed  and  the  organs  examined.  *  At 
the  conclusion  of  the  main  experiment  all  the  surviving  animals  were 
killed  and  examined.  The  results  of  the  gross  and  microscopic  examina- 
tion did  not  differ  in  the  case  of  any  group  from  those  in  the  other  groups 
and  no  changes  attributable  to  diet  were  found.  Practically  all  deviations 
from  the  normal  standards  resulted  from  infection  and  involved  mostly 
the  .lungs. 

Experiments  on  Antibody  Production. 

In  order  to  test  the  power  of  the  rats  fed  on  glucose  bread,  as  com- 
pared with  those  fed  on  the  other  kinds  of  bread,  to  produce  antibodies, 
two  special  experiments  were  made.  The  particular  antibody  studied 
in  this  case  is  the  antibody  against  the  red  corpuscles  of  the  sheep.  The 
reason  for  using  the  antibody  against  sheep  corpuscles  for  this  experi- 
ment was  that  its  coiu-se  and  amount  in  the  rat  are  known  from  previous 
work,  thus  providing  a  basis  for  comparison. 

As  stated  two  experiments  of  this  kind  were  made;  namely,  on  July  7 
and  August  16.  On  each  occasion  two  rats  from  each  group  were  injected 
in  the  abdominal  cavity  with  5  cc.  of  a  10%  suspension  of  sheep  blood 
per  kilo  of  weight  of  rat.  These  rats  were  killed  6  days  later  and  the 
amount  of  the  antibody  in  question  determined  in  the  usual  way.  One 
injected  rat  Group  3C  died  of  pnetunonia  August  22. 

The  results  are  shown  in  Table  III;  the  figures  give  the  highest  dilution 
of  the  blood  serum  of  the  rats  in  which  the  action  of  the  antibody  against 
sheep  corpuscles  could  be  detected. 

The  table  shows  that  the  rats  fed  on  glucose  bread  and  the  rats  .fed 
on  the  other  kinds  of  bread  produced  about  the  same  amotmts  of  anti- 
body, and  these  amounts  correspond  very  well  to  the  amount  ordinarily 
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produced  by  rats  injected  the  same  way  but  living  under  the  usual  labora- 
tory conditions.^ 

Tabui  III.— SHOwmc  Amount  of  Antibody  to  Shssp  Corpusclss  in  Rats  In- 

JBCTSD  WITH  SHHnP  BlOOD. 
Highest  active  dilution  of  rat  aerum. 


Group*. 

RaU  injected  July  6. 
Tested  July  13. 

Rats  injected  Aug.  16. 
Tested  Aug.  23. 

Kind  of 
bread  fed  to 
each  group. 

' 

* 

"lA" 

24567 

24567 

12288 

X2288 

Glucose 

iB 

6144 

12288 

12288 

12288 

Sugax-free 

2A 

1536 

24567 

12288 

6144 

Glucose 

aB 

24567 

12288 

12288 

24567 

Sugar-free 

3A 

24567 

12288 

24567 

24567 

Glucose 

3C 

I22S8 

12288 

1 

12288 

Cane  sugar 

4A 

X2288 

12388 

3072 

12288 

Glucose 

4C 

6144 

24567 

6144 

12288 

Cane  sugar 

The  results  indicate  that  the  power  to  produce  antibodies  is  not 
diminished  in  rats  fed  as  in  this  experiment,  and  permits  the  inferenoe 
that  glucose  as  here  given  does  not  reduce  the  resistance  to  infection. 
Discussion  of  the  Results. 

The  summary  of  the  principal  observations  shows  that  the  munber  of 
deaths  from  infections  are  about  the  same  in  the  glucose  fed  and  the 
control  groups. 

The  percentage  increase  in  the  body  weight  is  for  the  groups  fed  on 
glucose  bread  122%;  on  plain  bread,  123.5%;  on  cane  sugar  bread, 
Ji3i*8%*  Por  some  reason  the  number  of  young  bom  in  the  glucose  fed 
groups  was  larger  than  in  the  other  groups  and  this  fact  probably  accounts 
for  the  slightly  lower  rate  of  growth  in  the  former. 

The  value  of  commercial  glucose  as  food  depends  (i)  on  the  extent  to 
which  the  d-glucose  and  the  dextrins  are  absorbed  from  the  digestive 
tract  and  oxidized  in  the  body;  (2)  on  the  absence  of  deleterious  by- 
products or  contaminations  in  the  glucose;  and  (3)  on  its  palatability. 

Our  experiments  do  not  show  to  what  extent  the  glucose  is  absorbed 
and  oxidized,  as  the  rats  were  given  as  much  food  as  they  would  eat, 
and  this  was  probably  more  than  the  minimum  required  for  growth  and 
maintenance.  Recently  Sansom  and  Woodyatt*  have  shown  that  in 
dogs  with  phlorhizin  glucosuria  the  percentage  of  commercial  glucose 
{per  os)  appearing  as  blood  sugar  is  but  slightly  less  than  on  feeding  equal 
amotmts  of  pure  dextrose.  The  physiological  literature  gives  no  support 
to  the  view  that  the  products  of  add  hydrolysis  of  stardi  are  essentially 

*  See  Hektoen,  "The  Formation  of  Antibodies  in  Rats  Fed  on  Pure  Vegetable 
Proteins"  (Osbomc-Mcndel  Stunting  Food),  /.  Infect,  Dis.,  15,  279  (1914). 
'  Died  of  pneumonia. 
»  /.  Bid.  Chem,,  24,  13  (1916). 
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dififerent  from  the  products  of  enzyme  hydrol3rsis  of  starch.  In  the 
absence  of  definite  experiments  to  the  contrary  one  is  therefore  justified 
in  concluding  that  the  greater  part  of  the  dextrins  and  the  dextrose  in 
commercial  glucose  are  utilized  in  the  carbohydrate  metabolism  of  the 
body. 

In  regard  to  the  question  of  deleterious  by-products  and  contamina- 
tions our  experimeaats  seem  conclusive.  There  is  practically  no  difference 
in  the  rate  of  growth,  in  resistance  to  infectioa,  and  in  immune  reaction 
in  the  glucose  fed  and  the  control  rats.  Postmortem  examination  re- 
vealed no  lesion  that  could  be  traced  to  the  diet  in  any  of  the  groups. 
It  should  be  pointed  out,  in  this  connection,  that  the  quantity  of  glucose 
consumed  per  day  by  each  rat  was  really  considerable,  namely,  2.5  g. 
^o  3*5  ?•  P^  ^o  body-weight,  covering  a  period  of  about  one-sixth  of  the 
total  span  of  life  of  the  rat.  A  parallel  test  on  a  group  of  persons 
weighing  each  60  kilos  and  living  sixty  years  on  the  average  would 
mean  a  daily  consumption  of  150-200  g.  commercial  glucose  per  day  for 
10  years. 

When  the  processes  of  manufacture  are  properly  safeguarded  deleterious 
admixtures  in  glucose  from  impurities  in  the  chemicals  employed  are 
excluded.  The  sole  remaining  source  of  possible  injurious  by-products 
appear  to  be  the  add  hydrolysis  of  minute  trace  of  proteins  retained 
with  the  starch.  However,  tiiere  is  no  evidence  that  traces  of  such 
hydrolyzed  proteins  wonld  be  injurious  when  fed  by  mouth.  On  the 
contrary,  it  is  well  known  that  the  products  of  add  hydrolysis  of  proteins 
are  utiUzed  in  the  protein  metabolism  of  the  body,  even  to  the  degree  of 
maintenance  of  nitrogen  equilibrium  under  certain  conditions. 

Tabl9  IV.-— Table  ot  Average  Wexgbts. 

Date.  1  A.  IB.  2  A.  2  B.  3  A.  3  C.  4  A.  4  C. 

April9 8o  79.2         79.1         7S  68  75.2        60.4        59.3 

April  23 86.28      84.2        86.53      82.3        73.2        79.6        66  62.4 

May6 95.6        97-83  100.87      89  86  95.8        74-17      73 

May  20 108  Z05  no  104.73      9^  Z04.8        89.83      79.85 

June  3 1x5. 6  110.86  123  123.15  105  119.79  104.34      98.12 

June  17 117.56  118  136  129.42  no  124.16  X12.6  xoi.73 

July  1 126.4  135-78  139.47  138.94  120.8  127.91  I2Z.95  xxo.SQ 

July  15 131.76  147.05  150.47  151.88  129.13  Z41.53  133-09  122.  X 

JvJj29 135  148.88  143-33  157  127.4  »45-75  134  "4 

Aug.  12 139-5  147-64  148.23  150.58  125.9  X51.66  135-5  129. x6 

Aug.26 149.44  160  156.33  156.66  134-47  158-75  147.77  135 

Sept.  9 154.88  169.33  170  168.57  X38.68  X65.62  X56.76  139.37 

Sept.  23 150  X72.06  170. 7X  X67.85  140.05  159-62  158.23  138.66 

Oct.  7 153.61  178.66  17X.07  173.21  142.16  166.66  163.12  X43.33 

The  palatability  of  a  food  is  a  factor  in  its  food  value  in  relation  to 
appetite  and  appetite  secretion  of  gastric  juice.    In  the  case  of  sugar 
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mixtures  or  syrups,  palatability  is  essentiaUy  a  question  ot  degree  of 
sweetness  and  character  of  flavor.  It  is  well  known  that  in  equal  con- 
centrations d-glucose  does  not  taste  as  sweet  as  cane  sugar.  However, 
the  degree  of  sweetness  and  the  character  of  the  flavor  preferred  in  a 
given  food  varies  with  the  individual.  The  factor  of  palatability  does 
not  enter  in  the  use  of  glucose  in  bakery  products  and  confections,  where 
the  taste  and  flavor  are  determined  by  other  ingredients. 
Summary  and  Conclusions. 

The  addition  of  commercial  glucose  in  the  amounts  of  about  2.5  g. 
to  3.5  g.  per  kilo  body  weight  per  day  to  the  diet  of  white  rats  for  a 
period  of  six  months  has  no  abnormal  influence  on  the  animals,  either 
favorable  or  unfavorable,  as  determined  by  the  rate  of  growth  fecundity, 
immunity  reactions,  and  the  condition  of  the  organs. 

As  both  the  glucose  fed  and  the  control  groups  of  rats  were  kept  on  a  Uberal 
diet  throughout  the  observation  period,  the  experiment  does  not  show  to 
what  extent  the  commercial  glucose  was  actually  absorbed  and  oxidized, 
but  in  the  quantities  fed  the  commercial  glucose  certainly  has  no  injurious 
effects. 

Chxcaoo,  Ii«l. 


[Contribution  prom  Northwsstkrn  Univsrsity  Mbdicai,  School.] 

A  SIMPLE  CELL  FOR  THE  DETERMINATION  OF  HYDROGEN 
ION  CONCENTRATION. 

Bt  J.  H.  Long. 
Received  Febraary  28,  1916. 

Since  the  importance  of  the  determination  of  H  ion  concentration  has 
been  recognized  in  so  many  fields  of  research  there  has  been  no  end  of 
suggestions  as  to  t3rpes  of  cells  assumed  to  have  distinct  advantages  for 
the  purpose  in  this  or  that  direction.  While,  theoretically  at  least,  the 
use  of  two  hydrogen  electrodes,  the  electrode  in  the  liquid  under  in- 
vestigation balanced  against  the  similar  electrode  in  a  Uquid  of  known 
ion  concentration,  is  logically  the  simplest  and  most  direct  arrangement 
for  the  observation  in  hand,  most  attention  has  recently  been  given  to 
the  combination  made  up  of  one  hydrogen  electrode  in  the  liquid  plus 
a  known  calomel  electrode.  The  advantage  in  this  case  is  fotmd  mainly 
in  the  fact  that  the  experiment  requires  the  preparation  of  only  one  side 
of  the  cell,  the  calomel  electrode  being  constant.  In  practical  work, 
therefore,  the  double  hydrogen  electrode  scheme  has  been  largely  aban- 
doned, especially  in  physiological  researches. 

In  cells  constructed  in  part  of  the  calomel  electrode  the  recent  types 
involve  the  recognition  of  the  principles  brought  out  in  the  researches  of 
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Soetensen,^  Hassdbalcfa'  and  others,  in  which  the  great  advantage  of  a 
thorough  agitation  of  the  liquid  and  the  overlying  hydrogen  is  made 
plain.  The  constancy  of  potential  is  soon  reached  in  this  way,  which  is  a 
matter  of  importance  where  many  tests  are  being  made.  The  Hassel- 
balch  cell  itself'  is  excellent,  but  it  is  somewhat  fragile  and  the  large 
number  of  groimd  glass  stopcocks  make  it  relatively  expensive  at  the 
present  time.  Among  several  suggested  improvements  the  cell  described 
recently  by  Clark*  seems  to  satisfy  fully  all  requirements  for  acciu-acy 
and  convenience  in  manipulation.  A  constant  potential  is  soon  reached 
with  it. 

In  this  laboratory  we  have  experimented  with  several  forms  of  home- 
made cells  which  can  be  put  together  with  materials  at  hand  without 
complicated  glass  blowing  or  expensive  stopcocks,  and  have  found  that 
with  «ome  very  simple  arrangements  it  is  possible  to  secure  a  considerable 
degree  of  accuracy.  Such  tubes  as  are  described  by  Michaelis  and  Rona* 
are  of  this  category.  Speed  and  convenience  in  use  may  be  lacking  in 
such  forms,  however.  The  Clark  apparatus  leaves  little  to  be  desired 
in  these  respects^  but  its  relatively  complex  construction  makes  it  rather 
expensive,  especially  where  but  few  determinations  are  to  be  made.  This 
limits  its  usefulness.  In  many  lines  of  investigation  the  great  accuracy 
which  may  be  reached  with  this  and  some  other  forms  is  not  really  neces- 
sary, in  view  of  the  uncertain  character  of  much  of  the  material  to  be 
tested.  A  satisfactory  result  with  less  costly  apparatus  may  be  de- 
sirable. 

A  simple  form  of  cell  which  has  been  used  for  some  work  in  this  labora- 
tory is  shown  in  the  figure.  It  holds  about  15  cc.  of  Uquid,  but  the  amount 
present  dtuing  the  test  is  about  one-third  of  this,  the  rest  of  the  space 
being  occupied  by  the  hydrogen.  The  cell  is  essentially  a  large  Y  tube, 
with  one  branch  quite  narrow.  The  liquid  is  admitted  at  A  in  the  smaller 
figure  and  flows  out  at  B.  The  wide  branches  of  the  Y  are  closed  by  small 
rubber  stoppers  with  two  holes,  the  exposed  surfaces  being  covered  with 
melted  parafiin.  This  coating  is  perfectly  satisfactory  and  can  be  re- 
newed when  the  cell  is  cleaned.  Through  one  of  the  holes  of  one  of  the 
stoppers  a  small,  glass  tube,  filled  with  mercury,  passes  and  this  connects 
with  the  platinized  electrode  by  means  of  a  platinum  wire.  The  washed 
hydrogen  passes  through  from  D  to  C,  which  are  very  narrow  tubes. 
Small,  rubber  tubes  over  these  may  be  closed  by  pinchcocks,  by  means 

^  Soerensen,  Biochem,  Z.,  2X,  131  (1909);  also  Ergebnisse  der  Physiologie,  X2,  393 
(1912). 

*  Hasselbalch,  Biochem.  Z.,  30,  317  (191 1);  49,  451  (1913}* 

*  Loc.  cit.,  30,  317  (191O. 

*  J.  Biol.  Chem.,  23,  475  (1915)- 
»  Biochem.  Z.,  x8,  317  (1909)- 
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of  which  the  flow  of  the  hydrogen  may  be  r^^ulated.  The  liquid  exit 
tube  is  connected  by  means  of  a  capillary  tube,  extended  into  a  mudi 
wider  tube,  with  the  bridge  intermediary  vessel  containing  3,5  N  KCl 
and  connected  in  ttun  with  the  calomel  electrode. 


At  the  right  of  the  figure  is  shown  a  pair  of  such  cells  mounted  in  the 
position  for  use.  They  rest  on  short  wooden  arms  to  which  they  are 
fastened  by  rubber  bands.  These  arms  are  hinged  to  a  strong  support 
which  gives  stability  to  the  apparatus.  By  means  of  the  hinge  it  is 
possible  to  incline  the  cum  at  any  angle  and  thus  regulate  the  depth  to 
which  the  platinum  is  immersed  in  the  liquid.  The  hydrogen  is  dis- 
tributed in  the  two  branches  without  breaking  the  liquid  connection. 
The  hinge  arrangement  provides  also  for  the  rapid  agitation  of  the  liquid 
and  gas  mixture.  This  requires  no  additional  mechanism;  raising  and 
dropping  the  bar  by  the  finger  is  sufficient. 

The  apparatus  has  been  tested  in  comparison  with  Hasselbalch  cells 
and  by  the  use  of  liquids  of  known  hydrogen  ion  concentration.  The 
final  results  are  the  same  where  an  accuracy  of  about  0.5  millivolt  is 
sufficient,  and  in  the  readings  both  the  capillary  electrometer  and  a 
delicate  galvanometer  have  been  used.  Constant  readings  are  secured 
in  about  ten  minutes  after  filling  with  liquid  and  hydrogen  and  agitating. 
For  example,  an  observation  with  a  mixture  of  equal  volumes  of  Soeren- 
sen's  primary  and  secondary  phosphates  at  20**  gave  a  t  value  of  0.7341, 
from  which. 


P    -  Q'734^  —  03379 

rn  = 

0.0582 


6.808. 
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A  nonnal  urine  tested  at  21^  at  short  intervals  gave  the  following 
readings  after  finishing  the  shaking  at  2  hours  and  15  minutes: 

Readlngsat 2:30        2:34        2:40        2:45        3:07        3:16       3:55 

V ■■0.5988    0.6476    0.6468    0.6475    0.6476    0.6476    0.6479 

Constant  potential  values  appear  in  about  ten  minutes.  Slight  com- 
pression of  tibe  pinchcock  on  the  tube  leading  to  the  potassium  chloride 
bridge  has  about  the  same  effect  as  closing  the  glass  stopcock  in  the  other 
forms  of  apparatus.  It  is  of  advantage  to  insert  a  plug  of  washed  cotton 
in  the  bent  tube  leading  to  the  potassium  chloride. 
CncAOOk  III. 


NEW  BOOKS. 


d«  Fisica  Oaral  QSkments  of  General  Vhymcs).  By  F.  J.  South  Goims, 
Professor  in  the  Faculty  of  Science  in  the  University  of  Coimbra,  and  Alvama 
R.  Machaoo,  Assistant  Professor  of  Physics  in  the  University  of  Porto.  Livraria« 
Esoolar  de  Cruz  &  Cie,  Braga,  Brazil. 

As  the  title  page  states,  this  book  of  some  260  pages  is  "For  use  in  the 
Portuguese  Lyceums  (6th  and  7th  grades),  Gyxxmasisif  and  Normal  Schools 
of  Brazil/' 

It  is  the  first  part  of  a  larger  work,  subsequent  parts  of  which  will 
presumably  deal  with  the  subjects  of  heat  light,  magnetism  and  elec- 
tricity. 

It  differs  from  most  similar  works  of  American  orig^  in  the  sequence 
of  the  arrangement  of  the  subject  matter,  the  order  being: 

(I)  Generalities  (28  pages),  (2)  Mechanics  (91  pages).  Gravity,  not 
treated  under  Mechanics,  but  separately  (40  pages),  and  (4)  Properties 
of  matter  (xoo  pages). 

The  t3rpe  is  excdlent  as  are  the  cuts,  of  which  a  liberal  use  is  made. 
The  treatment  of  the  subjects  discussed  is  distinctly  mathematical.  It 
is  a  book  which  is  calculated  to  give  a  diUgent  student  a  good  grasp  of  the 
fundamental  laws  and  phenomena  of  the  branches  of  ph3rsics  which  it 
embraces.  W.  N.  Bqrebi^Ey. 

Quantitatiye   Laws   in   Biological   Chemistry.     By   SvAsm  Arrhsnius.    I/ondon: 
G.  Bell  &  Sons.  1915.     Pp.  vii  -f  173. 

This  interesting  and  stimulating  book  should  be  in  the  hands  of  every 
biologist,  biological  chemist  and  pathologist.  It  treats  of  many  com- 
plex and  obsctu^  phenomena  of  biochemistry  in  a  simple  and  illuminating 
fashion,  showing  how  they  are  to  be  explained.  Arrhenius,  as  is  well 
known,  has  emphasized  for  some  time  the  importance  of  physical  chemistry 
conceptions  in  the  elucidation  of  biochemical  reactions,  and  he  has  made 
many  contributions  of  value  illustrating  his  point  of  view.    A  series  of 
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lectures  given  before  the  Royal  Institution  in  19 14  has  been  expanded 
into  this  book.  He  treats  very  simply  of  the  method  of  representing 
graphically  quantitative  results,  and  how  to  interpret  the  curves.  These 
general  remarks  are  illustrated  by  many  examples  in  biochemistry,  such 
as  the  velocity  of  coagulation  of  egg-white  and  hemoglobin,  the  tempera- 
tm-e  coefficient  of  many  vital  processes,  the  rate  of  destruction  of  various 
lysins,  toxins  and  antitoxins  by  heat  and  the  body,  the  rate  of  killing  of 
bacteria  by  antiseptics.  He  even  shows  how  perfectly  the  absorption  of 
food  from  the  intestine  can  be  quantitatively  represented  by  a  very  simple 
expression.  Schutz's  rule  and  the  laws  of  enzyme  action  are  given  a 
rather  extensive  treatment.  But  by  far  the  most  illuminating  and  de- 
lightful part  of  the  book  are  the  chapters  on  chemical  equilibria  and 
immunity.  The  complex  facts  of  immunity  are  represented  with  a  sim- 
plicity of  statement  as  remarkable  as  it  is  rare,  the  uselessness  of  the  com* 
plex  explanations  of  Bhrlich  and  his  school  pointed  out,  and  the  processes 
brought  into  relation  with  very  simple  chemical  reactions. 

There  is  no  doubt  that  this  book,  together  with  the  biological  portion 
of  the  Tables  Annuelles  Internationales  de  Constantes  et  Donnfe 
Num^riques  mark  the  beginnings  of  a  new  era  of  precision  and  clarifica- 
tion greatly  needed  by  all  the  biological  sciences.  It  is,  therefore,  ex- 
ceedingly welcome.  Albert  P.  Mathbws. 

]Re]iresentatiye  Procedures  in  Quantitatiye  Chemical  Analjrsis.    By  Prank  Austin 
GoocH.    viii  +  250  pages,  35  figures.    John  Wiley  &  Sons,  Inc.    Price,  ^.00. 

One  would  expect  from  the  pen  of  Gooch  a  distinctive  work  on  quanti- 
tative chemical  analysis  and  the  expectation  is  amply  realized  in  the 
present  volume.  A  soitence  in  the  preface  states  exactly  the  manner 
in  which  the  subject  matter  is  handled :  **  Procedures  have  been  discussed 
in  relation  to  thdr  essential  features,  underlying  principles  and  varied 
applications." 

Throughout  the  book  the  procedure,  that  is,  the  chemistry  of  the  pre- 
cipitations, titrations,  etc.,  is  emphasized  rather  than  physico-chemical 
theories  or  special  applications.  £ver3rthing  is  subordinated  to  these 
general  discussions.  The  laboratory  exercises  are  even  printed  in  small 
t3rpe  and  written  in  a  colloquial  style  as  if  to  indicate  that  the  main  idea 
should  be  to  understand  general  applications  rather  than  to  carry  out 
a  certain  voliune  of  laboratory  work. 

The  strongest  sections  are  the  ones  on  general  gravimetric  and  volu- 
metric analysis.  In  the  latter,  iodometric  processes  are  given  special 
attention.  In  the  treatment  of  normal  solutions  it  is  pleasing  to  note 
that  the  old  and  cumbersome  available  oxygen  idea  has  been  dropped  in 
the  description  of  oxidizing  and  reducing  solutions  and  one  depending 
upon  the  valence  changes  involved  in  the  reaction  introduced. 
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In  the  pages  devoted  to  physico-chemical  theory  the  familiar  term 
solubility  product  is  missing.  The  reviewer  does  not  know  whether  to 
criticize  this  or  not.  The  case  is  less  doubtful  on  Page  31,  where  the 
old  Ostwald  calibrating  pipette  with  its  rubber  tubes  and  pinchcocks  is 
illustrated  and  the  Morse  and  Blalock  apparatus  referred  to  in  the  foot- 
note. A  reversal  of  this  would  have  been  in  the  interests  of  accurate 
measurement. 

It  is  possible  that  the  subordination  of  laboratory  exercises  to  general 
principles  will  make  the  book  more  difficult  to  use  in  teaching,  especially 
with  large  classes,  but  this  after  all  will  depend  upon  the  instructor  and 
the  reviewer  wishes  his  last  word  to  be,  that  Professor  Gooch  has  pro- 
duced a  notable  work  on  quantitative  analysis  and  one  to  be  recom- 
mended to  every  serious  student  of  the  subject.  C.  W.  Foulk. 

Mttuial  of  Qiiantitati?6  Giemical  Analysis.  By  J.  O.  Prank  and  E.  A.  CXsmsns 
zii  +  133  pp.  .Second  Edition.  Chicago  and  New  York:  Row,  Peterson  ft  Co 
Pnoe,  80  cents. 

The  first  edition  of  this  little  book  was  reviewed  in  the  January,  19 15, 
number  of  This  Journal  and  it  is  a  pleasure  to  note  that  there  is  great 
improvement  in  the  second  edition.  The  printer  and  binder  have  done 
their  parts  much  better  and  the  authors  have  also  eliminated  some  of 
the  errors  that  slipped  by  them  before.  It  is  a  pity,  however,  that  the 
English  was  not  thoroughly  revised,  for  the  pages  are  stiH  full  of  labora- 
tory colloquialisms.  C.  W.  Foulk. 

Food  Anidysif,  T^cal  Mefliods  «nd  the  Iiit«i]Rretation  of  Results.  By  A.  G,  Wood- 
man, Associate  Professor  of  Food  Analysis,  Massachusetts  Institute  of  Technology. 
McGraw-Hill  Book  Co.,  New  York,  1915.  Small  octavo,  x  +  510  pp.  Price, 
$3.00. 

The  following  condensed  outline  of  the  contents  of  the  book  will  indi- 
cate the  sequence  of  topics  and  the  assignment  of  space :  General  methods 
(specific  gravity,  index  of  refraction,  moisture,  ash,  colorimetric  deter- 
minations, extraction  methods,  determination  of  nitrogen,  centrifugal 
methods),  30  pages;  Microscopical  examination  of  foods,  21  pages;  Food 
colors,  35  pages;  Preservatives,  19  pages;  Milk  and  Cream,  41  pages; 
Edible  fats  and  oils,  8i  pages;  Carbohydrate  foods,  73  pages;  Cocoa  and 
chocolate,  31  pages;  Spices,  31  pages;  Vinegar,  16  pages;  Flavoring  ex- 
tracts, 35  pages;  Alcoholic  Uquors,  81  pages;  Photomicrographs,  8  p^ges; 
Index,  8  pages. 

It  would  seem  that  a  general  chapter  on  proteins  (corresponding  to 
those  on  carbohydrates  and  fats)  should  be  included. 

Within  the  limitations  which  the  author  has  set  for  himself  the  book 
leaves  little  to  be  desired.  As  was  to  be  expected  in  the  work  of  one  so 
favorably  known  as  a  teacher  and  expert  in  food  analysis,  the  descrip- 
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tions  of  methods  and  discussions  of  results  are  dear,  concise,  authorita- 
tive and  modem. 

The  purpose  of  the  author,  as  explained  in  his  preface,  is  to  provide  a 
book  primarily  suited  to  the  needs  of  the  undergraduate  student  of  ana- 
lytical chemistry,  more  concise  than  Leach's  Food  Analysis  and  afford- 
ing more  explanation  and  discussion  than  the  bulletin  of  methods  of  the 
Association  of  OflScial  Agricidtiu-al  Chemists.  The  grotmd  covered  is 
amply  sufficient  to  occupy  the  time  that  can  usually  be  devoted  to  food 
analysis  in  a  college  course.  Special  attention  is  given  to  the  suitability 
and  limitations  of  methods  and  the  interpretation  of  the  analytical  re- 
sults. The  author  holds  that  the  principal  asset  to  be  gained  by  the  stu- 
dent from  any  detailed  consideration  of  the  methods  employed  to  detect 
adulteration  in  foods,  is  the  exercise  of  judgment  and  the  training  of  the 
sense  of  discrin^ation  derived  from  a  critical  balancing  of  the  data  ob- 
tained in  an  analysis  against  the  natural  variations  in  composition,  to  de- 
termine whether  or  not  they  imply  artificial  manipulation  of  the  product. 
So  consistently  does  the  author  adhere  to  this  point  of  view  that  he  pro- 
fessedly selects  foods  for  discussion  according  as  they  illustrate  methods 
of  detecting  adulteration  and  without  reference  to  their  importance 
either 'industrially  or  to  the  consumer.  This  will  seem  unfortunate  to 
those  who  believe  that  students  of  food  chemistry  should  not  merely  be 
trained  to  do  the  poUce  work  of  detecting  adulterations  but  should  be 
equally  prepared  for  more  constructive  service,  whether  in  the  employ 
of  the  food  industries  or  of  the  constuning  public. 

Among  teachers  whose  courses  in  food  anal}rsis  are  essentially  devoted 
to  the  detection  of  adulterations  and  who  desire  a  text-book  of  the  char- 
acter of  the  well-known  work  of  Leach,  but  of  size  suitable  for  the  use  of 
undergraduate  students,  the  present  volume  is  sure  of  a  cordial  welcome. 
It  will  also  be  useful  to  professional  chemists  because  of  its  convenient 
conciseness,  its  recognition  of  recent  developments  including  those  re- 
corded in  the  foreign  literatm-e,  its  occasional  citations  of  data  from 
"Notices  of  Judgment"  giving  the  anal3rtical  evidence  on  which  success- 
ful prosecutions  have  been  instituted  under  the  Pood  and  Drugs  Act, 
and  espedaUy  because  of  the  incorporation  of  the  experience  of  Professor 
Woodman's  own  laboratory  as  illustrated  conspicuously  in  the  section 
devoted  to  the  detection  of  artifidal  colors  in  foods.     H.  C.  Sherman. 

Feeds  and  Feeding.  A  Handbook  for  the  Student  and  the  Stockman.  By  W.  H. 
Hbnry,  D.Sc.,  DAgr.,  Emeritus  Professor  of  Agriculture,  Univerrity  of  Wis- 
consin, and  P.  B.  Morrison,  B.S.,  Assistant  Professor  of  Animal  Husbandry, 
University  of  Wisconsin.  Fifteenth  edition,  revised  and  entirely  rewritten.  One 
volume  of  691  pages,  octavo.  Madison,  Wisconsin:  The  Henry-Morrison  Com- 
pany.   Cloth,  $2.25. 

This  book,  which  was  originally  published  in  1898,  has  received  wide- 
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spread  favor  by  practical  stockmen  and  students  of  animal  husbandry. 
This  last  revision  includes  the  results  of  the  most  recent  pubUshed  and 
unpubUshed  data  of  our  experiment  stations  on  the  science  and  prac- 
tices of  livestock  feeding.  The  book  has  been  enlarged  by  the  adcUtion 
of  85  pages. 

In  Part  I  the  fundamental  principles  of  animal  nutrition  are  first  briefly 
presented^  induding  the  most  recent  discoveries  in  biological  chemistry. 
The  various  feeding  standards  for  the  different  classes  of  farm  animals 
are  fully  discussed.  Tp  point  out  some  of  the  more  economical  points 
which  diould  be  considered  in  the  feeding  of  Uvestock,  a  new  chapter — 
Economy  in  feeding  livestock — ^has  been  added. 

In  Part  II  many  new  feedingstuffs  are  given  full  consideration  along 
with  the  old,  especial  emphasis  being  placed  upon  the  importance  of  com- 
bining the  legume  roughages  with  com  and  other  cereals  for  the  econom- 
ical feeding  of  farm  aniroals  and  upon  the  great  value  of  silage  for  the 
various  classes  of  livestock.  The  vital  relation  of  animal  husbandry 
to  the  economical  maintenance  of  soil  fertility  through  the  return  to  the 
soil  of  the  mantuial  residue  of  feedix^gstuffs  is  emphasized. 

In  Part  III  there  is  presented  the  most  important  findings  so  far  ob- 
tained by  the  experiment  stations  on  the  value  of  the  different  feeding- 
stuffs  for  each  class  of  livestock  and  on  the  effect  of  various  methods  of 
preparing  feed,  systems  of  feeding  and  care  of  livestock,  etc. 

This  revised  edition  of  Feeds  and  Feeding  is  even  more  valuable  than 
the  {M'evious  editions.  It  presents  a  large  amount  of  fundamental  informa- 
tion as  to  feeds  and  feeding  in  a  dear,  instructive  and  readable  form. 
The  revised  tables  in  the  appendix  giving  the  average  percentage  com- 
position of  American  feedingstuffs,  the  average  digestibility  of  American 
feedingstuffs,  and  the  digestible  nutrients  and  fertilizing  constituents 
in  American  feedingstuffs  are  valuable  for  general  reference  work. 

H.  S.  Grindley. 

The  Physiolosy  of  the  Amino  Adds.  By  Frank  P.  UNDSRHnx,  Ph.D.,  Professor  of 
Physiological  Chemistry,  Yale  University.  One  volume  of  169  pages,  crown 
octavo,  illustrated  by  cuts,  tables  and  diagrams.  New  Haven:  Yale  University 
Press,  1915.     Cloth,  $1.35. 

Professor  Underbill  presents  in  this  little  book  a  dear,  accurate  and 
very  readable  account  of  the  recent  fundamental  and  important  discov- 
eries relating  to  the  role  of  amino  acids  of  proteins  in  the  nutrition  of  the 
animal  body.  In  this  volume  he  presents  the  only  compilation  available 
at  present  ci  the  results  of  the  recent  developments  in  the  biochemistry 
of  the  amino  acids.  The  nature  of  the  contents  of  this  book  is  evident 
from  the  following  titles  of  the  several  chapters:  The  proteins  and  their 
derivatives,  the  amino  acids;  digestion  and  bacterial  activity  in  relation 
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to  the  amino  adds;  the  absorption  of  proteins  and  amino  acids;  in  what 
form  does  ingested  protein  enter  the  circulation?  theories  of  protein 
metaboUsm;  the  fmther  fate  of  amino  adds;  the  amino  adds  in  relation 
to  the  spedal  dynamic  action  of  proteins;  the  amino  adds  and  simpler 
nitrogenous  compounds  as  foodstuffs;  and  the  specific  role  of  amino 
adds  in  nutrition  and  growth.  A  complete  index  is  given.  At  the  end 
of  each  chapter  references  are  given  in  which  all  the  important  Uterature 
upon  the  topic  considered  is  dted.  Every  chemist,  biologist  and  every 
student  in  these  fields  of  study  should  read  this  delightful  little  book. 

H.  S.  Grindlby. 

Soil  Conditions  and  Plant  Growth.  By  Edward  J.  RussBix.  Pp.  viii  +  190.  New 
edition.    New  York:  Longmans,  Green  and  Company.     1915.    Price,  $1.50  net. 

The  purpose  of  the  author  is  *'to  give  a  concise  account  of  our  present 
knowledge  of  the  soil  as  a  medium  for  plant  life,"  keeping  in  view  "a 
critical  examination  of  the  foundations  of  our  beliefs."  The  plan  and 
scope  of  the  book  are  indicated  by  the  following  chapter  headings:  (I) 
Historical  and  introductory;  (II)  The  requirements  of  plants;  (III) 
The  constitution  of  the  soil;  (IV)  The  carbon  and  nitrogen  cycles  in  the 
soil;  (V)  The  biological  conditions  of  the  soil;  (VI)  The  relationship 
between  the  micro5rganic  population  of  the  soil  and  the  growth  of  plants; 
(VII)  The  soil  in  relation  to  plant  growth;  (VIII)  Soil  analysis  and  its 
interpretation. 

In  these  days  of  personal  bias  and  short  perspective  on  the  part  of  some 
workers  in  this  field,  the  author  shows  admirable  breadth  of  view,  openness 
of  mind  and  clear  judgment.  While  every  chapter  is  thoroughly  inter- 
esting, Chapters  V  and  VI  are  especially  so.  The  book  is  a  real  addition 
to  the  literatiu-e  of  the  subject.  L.  L.  Van  Slykb. 

An  Introduction  to  the  Principles  of  Physical  Chemistry,  from  the  Standpoint  of  Modem 
Atomistics  and  Thermodynamics.  By  Edward  W.  Washburn,  Professor  of 
Physical  Chemistry  in  the  Univeristy  of  Illinois.  McGraw-Hill  Book  Company, 
New  York,   19 15.     Pp.  xxv,  445.     Price,  $3.50. 

The  preface  gives  a  better  idea  of  this  interesting  and  valuable  book 
than  the  title,  for  the  treatment  is  by  no  means  elementary  in  nature, 
and,  as  the  author  says,  "Many  portions  of  the  book  can  scarcely  be 
pursued  to  advantage  by  most  beginners  in  the  subject,  except  under 
the  direction  of  a  competent  instructor."  The  book  deals  with  the  theo- 
retical and  not  with  the  laboratory  side  of  physical  chemistry,  and  wisely 
makes  use  of  the  calculus  without  apology.  To  quote  again  from  the 
preface:  "Perhaps  the  most  radical  departure  from  the  custom  which 
under  the  leadership  of  Ostwald  has  prevailed  heretofore  in  most  text- 
books of  Physical  Chemistry  is  in  connection  with  the  manner  in  which 
atomistics  and  molecular  kinetics  are  treated.     Instead  of  considering 
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these  systems  in  a  special  chapter  as  interesting  but  unnecessary  hypo- 
thetical explanations  of  observed  facts,  they  are  themselves  in  their  most 
essential  features  treated  as  facts  already  established  beyond  the  pos* 
sibility  of  reasonable  doubt»  and  together  with  thermodynamics,  are 
made  to  serve  as  the  framework  for  the  development  of  the  whole 
subject." 

It  is  interesting  thus  to  see  the  pendulum  of  thought  swinging  violently 
badcwards  and  forwards  within  a  generation.  Twenty  years  ago,  to 
many  chosen  spirits  the  atomic  theory  was  anathema;  here  it  is  welcomed 
and  even  maintained  as  certain  reahty.  The  reviewer  cannot  help  feel- 
ing that  the  position  of  equilibrium,  although  nearer  the  later  than  the 
earlier  extreme,  Ues  somewhere  between  the  swings.  Is  there  not  a  real 
distinction  between  "facts"  perceived  by  the  senses,  and  interpretations 
(however  useful  and  vivid)  conceived  by  thought  and  fancy? 

Whatever  opinion  one  may  form  upon  this  subject,  everyone  must 
agree  that  the  book  under  discussion  shows  wide  knowledge  of  Physical 
Chemistry  (especially  of  the  most  recent  developments)  and  scholarly 
thermodynamic  treatment  of  its  most  important  aspects.  Even  the  be- 
ginner will  be  stimulated  by  some  of  the  chapters;  every  advanced  student 
of  Physical  Chemistry  will  find  the  book  valuable  and  interesting;  and 
every  teacher  of  this  subject  will  welcome  it  as  a  new  and  efficient  aid 
in  helping  others  over  some  of  the  harder  parts  of  the  way. 

Theodore  W.  Richards. 

Boden-Bakterien   und   Boden-Fnichibarkeit    By    Dr.   P.    L6hnis.    Published   by 
Gebruder  Bomtrager,  Berlin,  19 14.    70  pp.  4-  vi.     Price,  M.  1.20. 

This  httle  volume  contains  a  very  illuminating  discussion  of  soil  bac- 
teria as  a  factor  in  soil  fertihty.  In  writing  the  treatise  the  author  was 
evidently  guided  by  the  wish  to  bring  to  the  attention  of  the  progressive 
farmer  the  more  important  developments  in  soil  biology.  Accordingly 
he  points  out  in  the  preface  that  the  average  land  owner,  though  he  may 
be  averse  to  reading  massive  treatiseSj  should  interest  himself  in  soil 
bacteriological  problems  for  they  bear  a  direct  relation  to  the  productive- 
ness of  his  fields. 

A  portion  of  the  book  is  devoted  to  a  rather  compact  review  of  the 
more  striking  facts  in  the  history  of  soil  biology  from  the  time  of  Schwann 
and  Ehrenberg  down  to  otu  own  day.  Mention  is  made  among  other 
matters  of  the  very  suggestive  pamphlet  by  Kette,  published  in  1862, 
and  entitled  "Die  Fermentations-Theorie  gegeniiber  der  Humus — ^Mineral 
und  Stickstoff-Theorie."  The  author  also  takes  occasion  to  mention 
that  soil  bacteriology  owes  a  real  debt  to  practical  landowners  like  Kette, 
von  Rosenberg-Lipinsky,  Schultz-Lupitz,  Caron  and  Amdt. 

The  following  paragraphs  are  given  over  to  a  consideration  of  the  im- 
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portant  factors  of  soil  fertility  including  the  reserves  of  mineral  and  or- 
ganic plant-food  constituents^  the  nature  and  functions  of  "humus/* 
the  gains  and  losses  of  soil  nitrogen;  the  biological  activities  which  affect 
the  supply  of  available  nitrogen  compounds  to  crops,  the  transformation 
of  the  soK^alled  mineral  constituents  of  plant  food  as  affected  by  the  ac- 
tivities of  microdrganisms  and  the  utilization  of  our  knowledge  of  soil 
microorganisms  in  providing  economically  a  more  abundant  supply  of 
nitrogen  to  cultivated  plants.  Jacob  G.  Lipman. 


Digitized  by  VjOOQIC 


Vol,.  XXXVIII.  May,  1916.  No.  5. 


THE  JOURNAL 


OF  THE 


American  Chemical  Society 

with  whkh  has  been  incoiporatsd  ttw 


American  Chemical  Journal 

(Founded  by  Ira  RaoMo) 


[C(»raKiBinnoN  from  thb  Gbophtsicai.  Labokatokt  c0  thb  Cabmsoib  iHsnTxmoH 

OP  Washinoton.] 
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Owing  to  the  importance,  especially  in  connection  with  water  analysis, 
of  a  knowledge  of  the  concentration  of  carbonic  add,  combined  and  free, 
in  solutions,  a  great  deal  of  attention  has  been  devoted  to  methods  of  de- 

^  A  few  days  after  this  paper  was  originally  submitted  to  the  editor.  Professor 
M.  N.  McCoy  transmitted  to  me  two  manuscripts  sent  to  him  by  Mr.  C.  A.  Seyler 
(of  Swansea,  England)  entitled:  "Studies  of  the  Carbonates.  II.  Hydrolysis  of 
•Sodium  Carbonate  and  Bicarbonate,  and  the  Ionization  Constants  of  Carbonic  Add," 
by  C.  A.  Seyler  and  P.  V.  Lloyd,  and  "Studies  of  the  Carbonates.  III.  Lithium, 
Calcium,  and  Magnesium  Carbonates,"  by  C.  A.  Seyler.  After  reading  these  papers 
I  decided  to  recall  my  paper,  and  to  delay  its  publication  until  I  should  have  corre- 
sponded with  Mr.  Seyler,  who  has  very  courteously  allowed  me  to  make  use  of  his 
MSS.  I  have  changed  my  calculations  in  order  to  have  them  consistent  with  this  most 
recent  determination  of  the  constants;  but  the  resulting  slight  changes  in  numerical 
values  have  in  no  wise  affected  the  general  argument  of  the  paper.  Quite  recently 
Mr.  Seyler  has  forwarded  to  me  a  manuscript  copy  of  a  third  paper  "Studies  of  the 
Carbonates.  IV.  The  Hydrolysis  of  Sodium  Bicarbonate  and  the  Ionization  Con- 
stants of  Phenolphthalein,"  in  which  the  suitability  of  phenolphthalein  as  an  indicator 
for  the  titration  of  carbonates  and  carbonic  add  is  discussed  in  detail.  These  three 
;papers  will,  it  is  expected,  be  published  in  the  near  future  in  J.  Chem,  Soc. 
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termination  of  these  constituents;  but  the  question  as  a  whole  has  hitherto 
received  scant  attention,  in  particular  from  the  theoretical  standpoint. 
It  is  the  piUT)ose  of  the  present  paper  to  discuss  the  methods  of  estimating 
carbonic  acid  and  carbonate  from  the  point  of  view  that  the  several  molecu- 
lar species  with  which  we  are  here  concerned  can  co-exist  only  in  definite 
proportions  determined  by  the  known  equilibrium  constants,  and  by  this 
means  be  enabled  to  judge  of  the  appUcability  and  degree  of  accuracy  of 
the  several  methods.  This  treatment  on  the  basis  of  fundamental  princi- 
ples enables  us,  as  we  shall  see,  to  criticize  and  coordinate  the  numerous 
apparently  contradictory  statements  recorded  in  the  very  voluminous 
literatiu-e  on  this  subject;  for  this  conflict  is  due  less  to  lack  of  care  in  the 
experimental  work  than  to  the  fact  that  some  essential  factor — ^the  im- 
portance of  which,  however,  would  not  be  recognized  until  the  theory  had 
been  considered — ^was  not  adequately  controlled.  Indeed  a  large  part 
of  the  literature  would  have  been  unnecessary,  and  much  painstaking 
experimental  work  would  have  been  obviated,  if  it  had  been  generally 
recognized  that  we  are  here  dealing  with  a  fairly  mobile  equilibrium,  and 
consequently  that  any  change  in  the  factors  of  the  equiUbrium  is  followed 
by  a  definite  predictable  change  in  the  concentration  of  each  of  the  several 
molecular  species  present. 

In  what  follows  we  shall  take  up  first  the  general  question  of  the  equi- 
libritun  in  aqueous  solutions  of  carbonates,  and  consider  the  quantitative- 
relations  existing  between  the  concentrations  of  the  several  components 
at  equilibrium.  Then  we  shall  go  on  to  discuss  the  several  methods  in 
common  use  for  the  determination  of  C02>  combined  and  free;  and  finally 
present  some  conclusions  which  follow  from  the  discussion.  In  what 
follows  it  is  to  be  tmderstood  that  the  only  basic  radical  present  is  as- 
sumed to  be  soda  (or  potash)  and  that  no  other  acidic  radical  is  present, 
since  it  is  impracticable  to  take  up  all  possible  cases;  the  presence  of  other 
ba^s,  such  as  lime,  magnesia,  iron,  would  introduce  certain  conditions 
{e.  g.,  by  reason  of  the  limited  solubility  of  their  carbonates  or  oxides), 
which,  however,  would  merely  modify  the  conclusions  in  a  way  which  can 
be  readily  derived  for  each  particidar  case.  Incidentally  it  may  be  re- 
marked that  some  of  the  conclusions  are  of  importance  with  respect  to 
any  acidimetric  titration  in  which  the  highest  accuracy  is  desired,  by  reason 
of  the  presence  of  some  carbon  dioxide  in  the  Uquids  to  be  titrated  conse* 
quent  upon  its  presence  in  the  air. 

I.  The  Equilibrium  in  Solutions  of  Carbonates. 

In  any  aqueous  solution  containing  carbonates,  the  following  relations 
hold  at  equilibrium  (provided  at  least  that  the  total  concentration  of  the 
solution  is  not  excessive — a  limitation  which  is  of  no  consequence  in  the 
present  instance),  it  being  premised  that  symbols,  such  as  [COt*],  repre- 


Digitized  by  VjOOQIC 


DETERMINATION  OF  CARBONIC  ACID  IN  NATURAL  WATERS.     949 

sent  the  molar  concentration  of  the  particular  molecular  species  enclosed 
within  the  brackets: 

[HjCOa]  =  cP  (I) 

[H+][HCO,-] 


[H2CO3] 

[H+][CO,-] 


=  fei  (II) 

=  fe2  (III) 


[HCO,-] 

Equation  I  expresses  the  equilibrium  between  the  undissodated  dis- 
solved carbonic  acid  and  the  partial  pressure  P  of  CO2  in  contact  with 
the  solution;  II  and  III  define,  respectively,  the  first  and  second  ioniza- 
tion constants  of  carbonic  acid  in  aqueous  solution.  There  is,  moreover, 
the  condition  that 

[B+]  +  [H+]  =  [HCOs-]  +  2[C08-]  +  [0H-], 
where    [B+J   represents  the   total  equivalent  concentration   of  cations 
present  in  the  solution;  in  this  summation  both  [H+]  and  [0H~]  may 
usually  be  neglected,  as  they  are  small  in  comparison  with  the  other 
quantities. 

It  may  be  objected  that  it  is  beside  the  mark  to  consider  equiUbrium 
conditions  in  connection  with  titrations;  but  apart  altogether  from  the 
circumstance  that  a  knowledge  of  the  equilibritmi  relations  constitutes 
the  best  means  of  predicting  what  wiU  happen  in  any  case,  this  objection 
has  very  little  force  in  this  instance  by  reason  of  the  relative  rapidity  of 
the  reactions  involved.    Two  only  of  the  reactions  require  a  measurable 
interval  of  time:  (i)  the  diffusion  of  CO2  from  the  air  space  into  and 
through  the  solution  (the  rate  of  this  process  depends  obviously  upon 
the  mode  of  shaking  or  stirring,  but  even  in  an  unstirred  liquid  con- 
tained in  an  open  beaker  the  process  is  substantially  complete  in  about 
ten  minutes,  as  evidenced  by  the  change  of  electric  conductance  of  water 
left  under  such  conditions);   (2)   the  rate  of  neutralization^^  implying 
that  either  the  hydration  of  CO2  or  the  ionization  of  H2CO8  proceeds 
slowly.     But  in  this  case  again,  as  McBain  remarks, 

"There  is  no  doubt  that  the  reaction  proceeds  the  greater  part  of  the  way  in  a 
fraction  of  a  minute;  but  it  is  sufficiently  incomplete  to  permit  of  a  bright  red  color 
repeatedly  vanishing  within  a  few  minutes  after  the  first  apparent  attainment  of  the 
end  point  (with  phenolphthalein)."' 

1  J.  W.  McBain,  "The  Use  of  Phenolphthalein  as  an  Indicator.  The  Slow  Rate 
of  Neutralization  of  Carbonic  Acid,"  /.  Chem.  Soc.,  loi,  814  (1912),  q.  v. 

*  McBain  (Lac,  cit.)  demonstrates  conclusively  that  the  fading  out  of  the  red  color 
-of  phenolphthalein  in  nearly  neutral  solutions  is  due  to  the  slow  neutralization  of  the 
■carbonic  add  in  the  solution,  for  in  absence  of  carbonate  the  end  point  is  instantaneous 
xuid  permanent;  this  is  therefore  a  different  phenomenon  from  the  fading  in  presence 
of  strong  alkali.  This  point  is  obviously  of  importance  in  every  titration  in  which 
phenolphthalein  is  used  as  indicator. 
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Consequently  it  is  here  admissible  to  make  use  of  the  relations  deduced 
for  complete  equilibrium,  especially  if  in  any  actual  case  we  take  into  ac- 
count the  effects  to  be  expected  from  the  slow  operation  of  the  above  two 
processes;  indeed  in  the  usual  titration  method  for  determining  free  COi  it 
is  tacitly  assumed  that  this  equilibrium  adjusts  itself  during  the  titration. 
By  combination  of  Equations  I,  II  and  III  we  obtain 

lHCOs-]V[COs-]  =  ki[U^CO,]/h  =  kicP/k,.  (IV) 

It  follows,  therefore,  that,  when  equilibrium  is  attained,  both  the  amount 
of  free  carbonic  add  in  solution  and  the  relative  proportions  of  bicar- 
bonate and  carbonate  ion  are  determined  by  the  partial  pressure  of  COi 
in  the  atmosphere.  And  it  follows,  moreover,  that  a  change  in  P,  such  as 
may  easily  occur  when  a  water  is  brought  from  outside  into  the  laboratory, 
or  even  in  the  laboratory  from  one  day  to  another,  will  affect  all  of  the 
quantities,  and  by  amounts  which,  as  we  shall  see,  are  not  n^ligible. 
This  is  illustrated  by  experiments  recorded  by  EUms  and  Beneker^  who 
exposed  samples  of  (a)  water,  (b)  a  solution  of  caldtun  bicarbonate,  to 
the  air  of  the  laboratory,  with  the  following  results,  expressed  in  parts 

per  million: 

,      (fl).  {^ 

FrecCOi.  "FreeCOi."      "Half  bound."      "M»d." 

Original o  52.8  109.4  109.4 

After  24  hrs 2.2  7.0 

After  48  hrs 14  •  i*  i  •  i 

After  72  hrs 0.9  o  80.7  84.5 

From  this  one  can  readily  see  the  possibilities  of  variation  in  the  amount 
of  free  CO2  in  solution — and,  consequently,  as  we  shall  see,  upon  the  pro- 
portion of  bicarbonate  to  carbonate  and  the  degree  of  alkalinity  of  the 
solution — espedally  when  the  amount  is  in  excess  of  that  demanded  by 
the  equilibrium;  for,  as  was  pointed  out  by  McCoy,'  and  since  then  by 
others,  low  results  are  invariably  attained  if  such  solutions,'  contained  in 
a  beaker,  are  exposed  even  for  four  or  five  minutes. 

The  values  of  ku  kt  and  c  depend  upon  the  temperattu*e,  and  c  also  de- 
pends upon  the  total  concentration  of  base  [B].  For  the  present  purpose 
it  suflBices  to  consider  a  single  temperature,  which  for  convenience  has  been, 
chosen  to  be  25  ° ;  all  calculations  in  this  paper  refer  to  25  ^,  but  a  variation 
of  a  few  degrees  away  from  25^  would  make  no  essential  difference  in  the 
results.    The  values  of  c  at  25®  for  several  values  of  [B]  are  as  follows:* 

1  Tms  Journal,  23,  407  (1901)- 

>  On  this  day  a  COs  generator  was  being  used  in  the  laboratory. 

*  McCoy,  Am.  Chem.  J.,  29,  444  (1903). 

*  On  the  basis  of  Bohr's  measurements  on  water  and  solutions  of  NaCl  {Awn. 
Physik,  68,  500  (1899)).  c  decreases  with  rise  of  temperature;  at  100"  it  is  only  0.011 
(Bohr  and  Bock,  Ibid.,  44,  342  (1891)),  so  that  at  100^  the  concentration  of  H«CX)» 
would  be,  ceteris  paribus,  one- third  as  great  as  at  25  ". 
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[BJ O  O.I         0.2  0.3         o.S         i.o 

c 0.0338    0.329    0.321    0.314    0.300    0.270 ' 

Now  the  average  proportion  of  COt  in  the  atmosphere  is  not  far  from 
3  parts  per  10,000  (t.  e.,  P  =  0.0003);  but  the  air  of  a  laboratory  will 
usually  contain  4  or  5  parts,  and  this  proportion  may  range  up  to  10  or 
12,  or  in  especially  ill  ventilated  rooms  to  still  higher  values.  The  con- 
centration of  HaCOs^  (i.  e.y  of  free  COj)  in  any  dilute  solution  in  equi- 
librium at  25  ^  with  an  atmosphere  containing  CO2  at  P  is,  in  accordance 
with  Equation  I,  as  follows: 

^  X  10* 3        4        5         6       8      10 

[HjCOi]  X  10^ 1.0      1.3       1.7      2.0    2.7    3.3 

COs,  parts  permillion 0.44    0.59    0.73    0.9     1.2     1.5. 

Thus  the  concentration  of  free  CO2  in  any  solution  in  equilibrium  with 
laboratory  air  would  be  about  i  part  per  million,  or  more  in  certain  cases; 
if  the  concentration  actually  present  is  larger  or  smaller  than  corresponds 
to  equilibrium,  the  solution  will  tend  to  give  off,  or  absorb,  CO2,  and  will 
actually  do  so  unless  due  precautions  are  taken  to  prevent  it. 

Let  us  now  consider  the  relative  proportions  of  bicarbonate  and  car- 
bonate in  relation  to  the  partial  pressure  P  of  CO2.  The  proportion  of 
sodium  (or  indeed  of  any  univalent  base)  associated  with  bicarbonate 
can  be  calculated  by  means  of  Equation  IV  if  the  ratio  Jki/fe  and  the  de- 
gree of  ionization  of  NaHC0j(7i)  and  of  Na4COj(72)  are  known.  The 
calculation  of  ki/kt  from  the  experimental  results  on  which  it  is  based 
involves  71  and  72;  heretofore,  for  want  of  a  better  method,  the  assump- 
tion has  been  made  that  71  and  72  are  identical  with  the  degree  of  ioniza- 
tion of  sodiiun  acetate  and  of  soditun  sulfate,  respectively  (salts  of  the  same 
ionic  t3rpes)  an  assmnption  which,  however,  led  to  different  values  of  ki/k% 
at  different  concentrations  of  total  base. '  Now  Seyler  and  Lloyd'  have  shown 
on  the  basis  of  McCoy's  work,  and  also  of  new  experiments  in  more  dilute 
solutions,  that  a  constant  value  of  ki/k^  {viz.,  7100)  is  obtained  by  assign- 
ing smaller  values  to  72,  as  follows: 

[Na] 0.05    0.1      0.2      0.3      0.5      1.0 

71 0.82    0.78    0.73    0.69    0.64    0.52- 

Ti 0.56    0.46    0.37    0.31    0.24    0.14 

>  In  identifying  [H|COi]  with  the  total  concentration  of  free  COt  in  solution  we 
are  tacitly  assuming  that  all  the  COs — apart  from  the  ionized  portion — exists  as  the 
hydrated  form  la  solution;  this  assumption  is  the  best  that  can  be  done  at  present, 
but  introduces  no  error  which  is  significant  in  the  present  connection.  This  x>oint, 
and  a  number  of  others  touched  upon  in  the  present  paper,  have  been  more  fully  con- 
sidered previously  (Tms  Journai.,  37,  2001  (1915)),  g.  v. 

•See  McCoy,  Am,  Chem.  J.,  29,  437  (1903),  or  the  recalculation  of  McCoy's 
results  by  Johnston  (Tms  Journai.,  37,  2001  (1915)).  Professor  Stieglitz  pointed  out 
in  a  letter  to  me  that  the  true  degree  of  ionization  of  Na^COi  is  in  all  probability  much 
less  than  that  of  Na«S04. 

*  See  footnote  i,  p.  947. 
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**These  values  represent  the  activity  of  sodium  carbonate  (as  regards 
the  COs  ion)  and  of  sodium  bicarbonate  in  equilibrium  with  each  other 
and  with  carbonic  acid.  Those  for  71  are  fotmded  upon  the  ionization 
of  sodium  acetate  calculated  from  the  conductivity.  The  values  for  7j 
are  much  less  than  would  be  expected  from  analogy  with  sodium  sulfate, 
even  after  allowing  for  the  presence  of  an  intermediate  ion."^  And  they 
proceed  to  show  how  these  values  of  72  are  in  harmony  with  many  facts 
as  to  the  behavior  of  carbonate  solutions  and  s«rve  to  reconcile  data  hitherto 
apparently  in  conflict.  We  shall,  therefore,  adopt  these  values  as  the 
best  available  at  the  present  time  for  the  piupose  in  hand,  and  calculate 
the  partial  pressure  P  of  CO2  in  equilibrium  at  25°  with  various  pro- 
portions of  bicarbonate  and  carbonate  in  a  solution  o.i  N  with  respect 
to  total  sodium.  If  the  concentration  of  sodium  as  bicarbonate  is  6, 
then« 

[HCOj-]  =  671  =  0.786  and  2[C0»"]   =   (o.i  —6)7*  =  0.46(0.1  —6); 
and  from  Equations  IV  and  I 

[HC0,"-]V[C08-]  =  Aji[H2C08]/fei  =  7ioo[H2C03]  =  234  P. 
Values  of  P  calculated  in  this  way  for  several  values  of  b  are  presented  in 
Table  I.» 

Tabids  I. — The  Partiai^  Pressure  op  COs  in  Equd^ibrium  with,  and  the  Ai^kai^inity 

OP,  Several  Bicarbonate-Carbonate  Solutions,  o.i  iV  with  Respect 

TO  Total  Sodium;  Temperature  25**. 

IOH-Ixio«. 

9-3 
7.5 
6.1 
5.0 
41 
3.3 
2.7 

This  shows  the  large  influence  which  a  change  in  the  proportion  of  COt 
in  the  air,  such  as  may  readily  take  place  in  a  short  time  in  a  laboratory, 
exerts  upon  the  position  of  the  equiUbrium  carbonate-bicarbonate  in 
solutions  o.  I  iV  with  respect  to  base  ;^  the  change  produced  by  a  given  change 

*  Quoted  from  the  manuscript  of  Seyler  and  Lloyd. 

*  The  real  value  of  71  and  of  7s  would  vary  slightly  with  b  by  reason  of  the  change 
in  the  concentration  of  NaHCOs  and  NasCOs;  but  neglect  of  this  variation  causes  no 
error  which  is  significant  in  the  present  connection. 

*  McCoy  (Loc.  cit.)  has  made  a  similar  calculation. 

^  It  is  obvious  that  the  above  results  hold  equally  for  any  univalent  base,  since  the 
degree  of  ionization  of  all  salts  of  the  same  valence  type  is  substantially  identical  (see, 
e.  g.,  Noyes  and  Falk,  This  Journal,  34,  475  (19 12));  moreover  they  would  be  sub- 
stantially correct  for  any  base. 


% 
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in  P  is  inversely  proportional  approximately  to  the  square  root  of  the 
total  concentration,  so  that,  e,  g.,  in  a  i.o  iV  solution  the  percentage  change 
would  be  just  about  one-third  as  much  as  in  the  o.i  iV  solution.^  The 
complete  establishment  of  this  equilibrium  requires  some  time;  thus 
McCoy,'  who  passed  a  current  of  outside  air  through  a  solution  of  (a) 
NaHCOs,  (fe)  NajCOs,  each  o.i  N  with  respect  to  soditmi  and  at  25®, 
foimd  that  the  same  condition  {viz.,  40.4%  bicarbonate)  was  reached  in 
either  solution  in  about  three  days.  But  though  a  period  of  three  days 
is  required  for  the  attainment  of  a  state  of  equilibrium,  an  interval  of  a 
few  minutes  sufl&ces  to  bring  about  a  marked  change  in  the  proportion  ot 
bicarbonate  to  carbonate  (and  hence  in  alkalinity  of  the  solution) ;  this 
is  well  illustrated  by  another  experiment  of  McCoy's,  who  passed  air 
through  a,  o.i  N  solution  originally  made  up  from  solid  bicartionate,  and 
examined  the  rate  of  change  of  the  proportion,  with  the  following  results: 

Time  in  hours o    0.25    0.67     1.17     2.0    26    48     72 

%  Na  as  bicarbonate 95        88        80        76      75     45     43    40 

This  rate  depends,  of  course,  upon  the  mode  of  experiment;  in  any  case 
the  above  illustration  suffices  to  show  that  material  changes  in  the  pro- 
portion may  result  from  exposure  of  the  solution  for  even  a  few  minutes 
to  an  atmosphere  other  than  that  with  which  it  is  in  equilibrium. 

From  the  foregoing  it  is  obvious  that  most  solutions,  natural  waters 
especially,  which  we  wish  to  analyze  will  have  reached  substantially  the 
equilibrium  state,'  consequently  it  is  altogether  unnecessary  to  determine 
the  concentration  of  each  of  the  several  constituents,  because  if  two  of 
them  are  known,  the  others  can  be  calculated.  Moreover  the  propor- 
tion [HC0j~]/[C03"]  absolutely  determines  the  alkalinity  of  the  solution, 
and  conversely;  for  by  Equation  III 
[H+]  =  Jfe2[HC03-l/[CO,-]  =  4.8  X  10-"  [HCO,-]/[COr]  at  25°^  and 

*  The  actual  percentage  of  bicarbonate  for  a  given  value  of  P  is  of  course  also 
dependent  upon  the  concentration,  as  is  evident  from  the  form  of  Equation  IV,  be- 
coming smaller  as  the  total  concentration  of  base  increases. 

>  Am.  Chent.  J.,  29,  459  (1903)'.  The  results  indicate  that  the  proportion  of  COi 
in  the  air  passed  through  was  about  3.0  parts  per  10,000.  Likewise  one  can  deduce 
that  the  air  passed  through  their  carbonate-bicarbonate  solutions  by  Cameron  and 
Briggs  (7.  Phys.  Chem.,  5,  537  (1901))  contained  from  5  to  7  parts  COj  per  10,000 
and  hence  was  presumably  laboratory  air. 

'  For  purely  scientific  piui>oses  there  would  seem  to  be  little  to  be  gained  by  de* 
terminations  of  the  concentration  of  the  several  constituents  present  in  a  solution 
^which  has  not  attained  substantially  to  a  state  of  equilibrium. 

*  According  to  Walker  and  Cormack  (/.  Chem.  Soc,  77,  8  (1900))  ki  =  3.04  X  lo"*^ 
at  18^;  whence,  by  means  of  the  van't  Hoff  formula,  on  the  basis  that  the  heat  change 
accompanying  the  reaction  is  2700  cal.,  k\  »  3.39  X  io~^  at  25  °  (see  Lewis  and  Randall^ 
Tms  JouRNAi.,  37,  467  (1915)),  and  kt  =  3.39  X  10-^/7100.  In  strictness  the  eicperi- 
mental  dattun  3.04  X  io~^  represents  the  value  at  18®  of  the  expression  [H**"  HHCOj"*]/ 
([HiCOj]  +  [COiJs);  but  we  do  not  know  what  fraction  of  the  total  COi  in  solution 
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smce  (H+][OH-]  =  if pr  =  0.8  X  lo-^*  at  25^1 

[0H-]  =  1.7  X  10-*  [CO,-]/[HCO,-]  at  25^         (Ilia) 
Alternatively  by  combination  of  Equations  I,  II  and  III,  we  obtain: 

[H+][HCO,-]  =  hcP  =  3.39  X  10-^  cP  at  25*'  (V) 

and 

[H+]2[C03-]  =  kih  cP  =  1.66  X  lo-i^  cP  at  25^  (VI) 
Hence,  if  we  know  P  and  the  total  equivalent  amotmt  of  CO2  in  the  solu- 
tion, we  can  determine  [0H~];  for  example  in  a  carbonate-bicarbonate 
solution  which  is  o.i  N  with  respect  to  soditmi  the  alkalinity  for  several 
values  of  P  is  given  in  the  last  coliunn  of  Table  I.'  This  emphasizes 
again  the  fact  that  these  several  quantities  are  not  independent  variables; 
that  it  suffices  to  fix  two  of  them  only  in  order  to  define  completely  the 
constitution  of  the  solution. 

But  for  our  present  piupose  it  is  better  to  consider  the  relation  between 
the  alkalinity  of  the  solution  and  the  concentration  of  free  CO2  (which, 
it  will  be  recalled,  determines  the  proportion  of  bicarbonate  to  carbonate) ; 
for  knowledge  of  this  relation,  which  is  readily  derived,  is  essential  to 
the  understanding  of  any  titration  process  in  which  carbonic  add  in 
any  form  is  present.  By  combining  the  condition  [B+]  +  [H+]  = 
[HCOs-]  +  2[C03"]  +  [OH-],  where  [B+]  is  the  total  equivalent  concen- 
tration of  ionized  base,  with  Equations  II,  III  and  the  relation  [H"*"][OH~] 
=  Kwi  we  obtain 

([B+]  +  [H+])[H+]«  —  (fci[H,CO,]  +  /f|,.)[H+]  -  2fafe[H,C0,]  =  o 
whence 

([B-^]+[H^])[H^]«-A:ip[H-^]  ^ 


[H,CO,] 

^fpi+i  -i-  rw+i^  rw+i*  —  ft  V  rr^-wrw+i 

at  25* 


*i[H+]  +  2*ife 

([B+]  +  [H+])  IH+]*  —  8  X  io-«[H+] 


3.4  X  10-^  [H+]  +  3.3  X  10-" 
exists  as  HsCOt,  except  that  it  is  probably  more  than  one-half.  This  point  is  moR 
fully  considered  in  a  previous  paper  (Tms  JointNAL,  37,  2001  (1915));  in  the  pceacnt 
paper  it  is  presumed  that  all  the  uncombined  COi  in  solution  exists  as  HtCOi. 

'  ^  This  is  undoubtedly  the  most  accurate  value  now  available  (see  Lewis  and 
Randall,  This  Joxtknal,  36,  1979  (1914)).  Neglect  of  the  contact  potentiab  is  of 
itself  sufficient  to  account  for  the  higher  value  given  by  Flrary  and  Nietz  (Tms  Jouknal. 
37,  2263  (1915));  their  use  of  this  higher  value  in  interpreting  their  further  experi- 
ments is  however  perfectly  justified. 

'  For  similar  calctdations  for  solutions  of  carbonates  of  calcium  and  magnesbim 
see  Johnston,  This  Journal,  37,  2012,  2016  (1915);  Johnston  and  WilHamson,  IbiA^, 
38^1  975  (19 16);  cf.  also  Auerbach  and  Pick,  "Die  Alkalinitat  wasseriger  Lfisungen 
kohlensaurer  Salze,"  Arbeiten  kais.  GesundheitsanU,  38,  243  (191 1);  in  their  ecjnatknis^ 
however,  as  in  those  of  Prary  and  Nietz  (This  Journal,  37, 2268  (1915)),  the  assnmptioQ 
is  implicit  that  the  solution  neither  gains  nor  loses  COi,  which  would  require  that  tbe 
experiments  be  carried  out  in  closed  vessels  completely  filled  with  liquid,  and 
quently  some  of  their  conclusions  do  not  necessarily  hold  for  all  cases. 
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This  formula^  allows  us  to  calculate  values  of  [HaCOj]  for  any  value  of 
[B+]  and  [H+] — ^in  other  words  to  calculate  the  concentration  of  free 
CO2  (and  hence  the  ratio  of  bicarbonate  to  carbonate)  in  a  solution  of 
any  total  concentration  at  the  end  point  registered  by  any  indicator. 
A  series  of  such  calculations  have  been  carried  out,  the  results  of  which 
are  presented  in  Table  II,  to  which  it  may  here  be  remarked  that  indicators 
which  change  color  at  values  of  [H+]  greater  than  io~*  are — as  is  ob- 
vious from  the  table — ^insensitive  towards  ordinary  amounts  of  CO2, 
and  that  the  higher  concentrations  of  HjCOj  are  unlikely  to  occur  in  ordi- 
nary practice,  since  even  10  parts  CO2  per  million  would  require  a  partial 
pressure  in  the  atmosphere  of  about  0.007  (*•  ^-f  7^  parts  in  10,000)  to  pre- 
vent the  solution  from  losing  any  CO2. 

By  means  of  this  table,  in  conjunction  with  a  table  of  indicator  constants,  * 
one  is  enabled  to  choose  an  indicator  and  to  conduct  any  titration  of  a 
carbonate  solution  so  that  the  error  from  the  free  CO2  still  in  solution  at 
end  point  shall  not  exceed  a  certain  limit.  As  an  example,  if  the  unti- 
trated  CO2  must  be  less  than  i  part  per  million,  and  the  total  concentra- 
tion of  base  at  the  end  point  is  o.ooi,  one  must  choose  an  indicator  at  a 
concentration  such  that  the  color  change  takes  place  when  [H+]  is  be- 
tween io~'  and  lo"* — e,  g.,  phenolphthalein  at  the  proper  concentration.' 
To  this  question  we  shall  revert  when  we  take  up  the  several  methods; 
but  before  doing  so,  we  shall  consider  a  few  other  general  points,  affecting 
all  of  the  methods,  which  follow  directly  from  the  various  principles 
which  we  have  discussed. 

The  illustrations  presented  in  the  preceding  pages  demonstrate  the 
futility  of  attempting  to  determine  the  real  proportions  of  free  COt»  or 
of  carbonate  and  bicarbonate,  in  any  solution,  imless  special  precautions 
be  taken  to  ensure  that  no  change  can  take  place  dming  the  manipula- 
tions, from  the  collection  or  preparation  of  the  sample  onwards.     It  is 

^  An  analogous  formula  has  been  given  by  Prideaux  (Proc.  Ray,  Soc„  (A)  gi,  535 
(19 15))  who  has  used  it  to  calculate  the  acidity  of  carbonate  solutions  for  several 
values  of  [HaCOt]  and  [B]. 

*  The  most  complete  tables  are  given  in  papers  by  SArensen  (Biochem.  Z.,  az, 
131  (1909);  22,  353  (1909);  24,  381  (1910)).  For  some  data,  and  references  toothers, 
see  A.  A.  Noyes  "Quantitative  Application  of  the  Theory  of  Indicators  to  Volumetric 
Analysis/'  Tms  Journai.,  32,  815  (1910);  see  also  Walpole,  Biochem.  J.,  8,  628  (1914); 
Lubs  and  Clark,  /.  Wash.  Acad.,  5,  609  (19 15).  A  very  good  discussion  of  indicators 
and  their  properties  will  be  found  in  "Die  Theorie  der  alkalimetrischen  und  azidi- 
metrischen  Titrierungen/'  by  N.  Bjerrum  {Ahrens*  Sammlung,  21,  Heft  1-3  (1914)); 
it  should  be  consulted  by  all  who  are  interested  in  the  definitive  accuracy  of  titration 
methods.  In  this  pamphlet,  which  was  brought  to  my  attention  by  Dr.  R.  C.  Wells 
after  the  present  paper  was  completed,  Bjerrum  also  takes  up  some  of  the  problems 
considered  in  the  following  pages. 

'  On  this  point  see  Rosenstein,  "The  Ionization  Constant  of  Phenolphthalein 
and  the  Effect  upon  it  of  Neutral  Salts,"  This  Journal,  34,  117  (19 12). 
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to  be  borne  in  mind  that  any  titration  (or  other)  method  of  analysis  of 
a  solution  containing  combined  CO2  can  yield  information  only  as  to 
the  total  amotmt  of  the  particular  constituent  present  up  to  the  end 
of  the  titration — an  amotmt  which  bears  no  necessary  relation  to  that 
originally  present  imless  the  solution  be  preserved  in  bottles  absolutely 
filled  and  tightly  sealed  and  all  the  manipulations  be  carried  out  expedi- 
tiously. Likewise  an>  solution  to  be  used  as  a  standard — e,  g,,  a  solution 
of  NajCOa  for  the  determination  of  free  CO2 — must  either  be  freshly  pre- 
pared or  kept  in  a  vessel  arranged  so  that  the  solution  withdrawn  is  auto- 
matically replaced  by  mercury  or  some  other  immiscible  liquid  in  which 
COj  is  not  soluble;  and  any  manipulations  with  such  a  solution  must 
be  performed  as  quickly  as  possible,  and  in  such  a  way  that  the  gas  space 
in  contact  with  it  is  kept  small.  The  necessity  of  precautions  of  this 
kind  has  been  discovered  in  practice;  for  instance  by  Lunge, ^  also  by 
Tillmanns  and  Heubldn*  who  recommend  that  a  preliminary  titration 
be  made  and  that  then  the  exact  titration,  which  must  be  carried  out  in 
a  closed  flask  containing  as  little  air  as  is  compatible  with  the  maniptda- 
tions,  be  made  rapidly  by  adding  nearly  the  right  amount,  shaking  and 
then  bringing  to  the  end  point.  Rapid  titration  is  advisable  for  another 
reason — ^namely,  that  addition  of  any  solution  to  a  solution  containing 
combined  CO2  of  itself  changes  the  state  of  equilibrium,  the  adjustment 
of  which  condition  is,  as  we  have  seen,  not  instantaneous;  errors  due 
to  this  source  can  be  minimized  by  rapid  titration,  and  by  the  addition 
of  a  salt  with  a  common  ion,'  which  is  effective  because  it  sets  back  the 
ionization  of  the  carbonates  and  in  this  way  reduces  the  rate  of  the  re- 
action COs"  +  H2CO,  =   2HC08~. 

The  necessity  of  these  precautions  has  been  emphasized  here  because 
the  standard  text-books  of  quantitative  analysis  pay  little  or  no  atten- 
tion to  them.  Neglect  of  them,  even  in  work  otherwise  very  carefully 
done,  is  responsible  for  glaring  inconsistencies  in  published  analyses; 
but  it  would  be  invidious  to  single  out  an  instance  from  so  many. 

We  shall  now  proceed  to  the  discussion  of  particular  applications  and 
illustrations  of  the  general  principles  we  have  outlined.  To  discuss  all 
of  the  possible  cases  is,  of  cotu^e,  impracticable;  so  I  have  taken  up  only 
those  methods  which  are  in  common  use  and,  for  the  sake  of  simplicity, 
have  considered  that  the  only  bases  present  are  alkali  metals. 

n.  Estimation  of  the  Total  Base  in  Alkalies  Containing  Carbonate. 

When  an  alkali  containing  carbonate  is  titrated  with  acid,  and  methyl 

^  See  postea,  p.  964. 

•  Tillmanns  and  Heublein,  Z.  Nahr.  Genussm.,  20,  617  (19 10). 

'  This  course  also  is  recommended  by  Lunge.  Such  an  addition  will  at  the  same 
time  have  a  slight  effect  on  the  relative  proportion  of  base  associated  with  carbonate 
and  bicarbonate. 
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orange  as  indicator,^  there  is  some  uncertainty  as  to  when  the  end  point 
is  reached  because  there  is  a  gradual  reddening  as  the  true  end  point 
is  approached.  Kiister^  showed  how  this  diflSculty  can  be  overcome, 
and  demonstrated  by  careful  experimental  work  that  his  method  of  de- 
termining  the  end  point  yields  reproducible  and  accurate  results.  A 
false  impression  prevails  quite  commonly  that  COs  is  without  effect  upon 
methyl  orange;  but,  as  a  matter  of  fact,  a  current  of  COj  will  change  the 
color  of  this  indicator  to  a  reddish  yellow  and  this  shade  persists  for  a 
long  time  if  the  solution  is  preserved  in  a  closed  flask  or  in  such  a  way  as 
to  prevent  loss  of  CO2.  This  color  change  is,  of  course,  due  to  the  pres- 
ence of  H"*".  Dining  the  titration  of  carbonate  solutions  the  concentra- 
tion of  H+  is  so  small  as  not  to  begin  to  affect  methyl  orange  until  the  ti- 
tration is  very  nearly  complete,  i.  e,,  imtil  the  concentration  of  HCOt" 
and  COs"  are  very  small.  As  the  last  portions  of  add  are  added,  the 
concentration  of  H"*"  increases  very  slowly  until,  when  the  amount  of  add 
just  equivalent  to  the  soda  has  been  added,  it  is  practically  the  same  as 
in  a  solution  of  CO2  in  water  and  consequently  the  colors  in  the  two  cases 
are  identical;  a  further  drop  of  add  now  produces  a  sudden  increase  in 
[H"^],  and  consequently  a  sudden  color  change.  Accurate  and  definite 
results  can,  therefore,  be  obtained  by  titrating  until  the  solution  is  of  the 
same  shade  as  a  comparison  solution  made  by  passing  CO2  into  water 
containing  the  same  proportion  of  methyl  orange.  The  acctu-acy  of  the 
results  obtained  by  the  use  of  such  a  comparison  shade  is  attested  by  the 
work  of  Kiister*  who  made  up  two  solutions — one  of  NaOH  which  proved 
to  be  altogether  free  from  COs/  a  second  of  NatCOs  which  contained  no 
appredable  quantity  of  either  hydroxide  or  bicarbonate — and  titrated 
various  mixtures  of  the  two  with  the  following  results: 

Cc. 


NaOH. 

NmCCk. 

15 

30 

15 

20 

15 

10 

15 

5 

15 

2 

.15 

Cc. 

0.5  S  add 

Uaed. 

Calc 

66.65 

66.66 

57.28 

57.28 

47.95 

47.91 

43.31 

43.22 

40.41 

40.41 

38.54' 

38.53 

etfaod, 

sometimes  (et 

ipedall] 

the  Lunge  method;  according  to  Lunge  himself  (Chem.  Tech,  UtUersuchungsmdhodeB, 
h  838  (1904))  he  was  the  first  to  publish  it  in  1885. 

*  P.  W.  Kfister,  "Kritische  Studien  zur  volumetrischen  Bestunmung  von  Alkali- 
karbonaten,  sowie  uber  das  Verhalten  von  Phem^lphthalein  und  Methylorange  als 
Indikatoren/'  Z.  anorg.  Chem.,  13,  127  (1897),  q.  v. 

*  Loc.  cit.f  p.  147. 

*  Inddentally  it  may  be  remarked  that  the  presence  of  small  quantities  of  QO% 
in  solutions  of  alkali  hydroxide  will  not  necessarily  be  detected  merely  by  addition  of 
barium  chloride,  as  Kuster  {Loc.  cU,,  p.  134)  remarked;  for  a  small  quantity  of  BaCOi 
will  not  precipitate  when  the  concentration  of  NaOH  is  high. 

'  No  comparison  at  all  was  necessary  in  this  case.  Each  datum  is  the  mean  of 
three  concordant  titrations.  ^-^  j 
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By  means  of  this  simple  precaution,  then,  the  results  are  acctu'ate;  if 
it  is  neglected,  the  uncertainty  may  be  as  much  as  0.5%  of  the  total 
amount  of  base  actually  present. 

Ellms,^  presumably  in  an  endeavor  to  obviate  this  uncertainty,  used 
lacmoid,  phenacetoline,  or  erjrthrosine  as  indicators  in  a  series  of  titra- 
tions, but  foimd  that  the  color  change  occurs  when  only  98-99%  of  the 
base  actually  present  has  been  neutralized.  This  result  could  now  be 
predicted  from  the  constants  of  these  indicators,  all  of  which  change  color 
at  too  small  a  concentration  of  H+  for  the  purpose  in  hand;  it  may  be 
possible  to  select  another  indicator  somewhat  more  suitable  for  this  pur- 
pose than  methyl  orange,  although  it  is  to  be  expected  that  no  indicator 
will  )deld  any  more  accurate  results  except  a  similar  comparison  method 
be  used.* 

m.  Estimation  of  the  Free  Alkali  in  Liquids  Containing  Carbonates. 

Kiister'  observed  relatively  large  differences  between  the  results  of 
titrations  of  alkali  containing  carbonate  carried  out  according  to  the  pro- 
cedures recommended  in  various  text-books;  in  order  to  ascertain  which 
of  these  methods  yields  correct  results  he  made  a  careful  comparison  of 
them.  To  this  end  he  made  a  series  of  analyses  of  an  alkaU  solution  (A) 
about  2  N,  precipitating  with  a  10%  solution  of  BaCls.and  titrating  back 
with  add  and  phenolphthalein  tmtil  the  solution  was  colorless;  his  results 
are  as  follows,  each  figure  being  the  mean  of  three  separate  titrations 
which  did  not  differ  among  themselves  by  more  than  0.05  cc. :    p^^^^^age 

of  total 
Cc.  0.5N       Na  aa 
Procedure.  acid  used,  carbonate. 

10  CC.  A  titrated  directly,  with  methyl  orange  to  normal 

color 42.49 

I.  20  oc.  il  -h  20  cc.  BaCU;  filtered;  20  cc.  filtrate  (a  10  cc. 

il)  titrated 33.61        20.9 

II.  20  cc.  A  +  50  cc.  HiO  +  20  cc.  BaClfl  -f  10  cc.  HiO; 

filtered;  50  cc.  filtrate  (■=  10  cc.  A)  titrated 33 .90        20.2 

III.  20  cc.  il  +  150  cc.  HiO  +  20  cc.  BaCls  +  10  cc.  HiO, 

filtered;  100  cc.  filtrate  («  10  cc  A)  titrated 34-oi        20.0 

IV.  20  cc.  il  4-  15  cc.  HjO  +  20  cc.  BaCU  +  10  cc.  HiO; 

100  cc.  liquid  (not  filtered)  titrated 34*39        i9-i 

V.  10  cc.  il  -f  50  cc.  hot  HtO  +  10  cc.  BaCls;  filtered  and 

ppt.  well  washed;  total  filtrate  titrated 34-5o        18 .8 

VI.  10  cc.  il  +  100  cc.  HiO  +  10  cc.  BaClt;  allowed  to  stand, 

titrated  without  being  filtered 34-72         18 .3 

VII.  10  cc.  A  titrated  directly,  with  phenolphthalein  until 

colorless 38 .58        18.4 

The  low  result — corresponding  to  too  great  an  apparent  percentage  of 
carbonate — of  Procedm-es  I-IV,  Kiister  attributes  to  absorption  of  alkali 

1  J.  W.  Ellms,  Tras  Journal,  21,  359  (1899). 

*  See  also  Norton  and  Knowles,  Tms  Journal,  38,  877  (1916). 

•  Z.  anorg.  Chem.,  13,  127  (1897). 
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by  filter  paper  and  precipitate  and  to  absorption  of  COs  by  the  solution 
in  the  course  of  the  manipulations.  That  the  results  obtained  by  Pro- 
cedure VI  are  correct  he  shows  by  similar  titration  of  known  mixtures  of 
(a)  a  solution  of  NaOH  entirely  free  from  CO2  with  (6)  a  freshly  prepared 
solution  of  NajCOa  which  contained  no  appreciable  quantity  of  either 
hydroxide  or  bicarbonate: 


Cc.  Uken. 

Cc.  0.52^  add. 

NaOH. 

NaiCO.. 

BaCls. 

Used.     Calculated. 

15 

30 

30 

38.51 

15 

20 

20 

38.52 

15 

10 

10 

38.54 

"       38.53 

15 

5 

10 

38.53 

15 

2 

10 

38.52 

15 

10 

38.55  . 

From  this  it  is  obvious  that  this  method,  which,  since  filtration  is  omitted, 
is  at  the  same  time  the  simplest  to  carry  out,  yields  correct  results  for  the 
free  alkali,  which  are  independent  of  the  proportion  of  carbonate  present 
in  the  solution.  On  the  other  hand,  it  is  claimed  by  Bruhns^  that  the 
precipitated  BaCOj  is  attacked  to  a  sUght  extent  by  the  add  used  to 
titrate  the  excess  of  hydroxide,  with  consequent  small  errors  in  the  re- 
sults; to  obviate  which  he  filters  off  the  precipitate  in  a  special  funnel 
arranged  so  that  the  filtrate  does  not  come  in  contact  with  the  air.  There 
is  little  question  that  such  a  source  of  error  is  quite  possible;  yet  by  al- 
lowing the  precipitate  to  settle  completely  and  then  by  careful  manipula- 
tion during  the  titration  it  should  be  easily  practicable  to  render  this  error 
negligible,  as  indeed  it  appears  to  be  in  Kiister's  work.  Again,^  Sorensen 
and  Andersen  made  a  series  of  very  carefully  controlled  experiments  in 
which,  however,  they  allowed  only  ten  minutes  for  the  settling  of  the  pre- 
cipitate and  titrated  to  the  same  pink  color  as  a  comparison  solution  con- 
taining BaCOs  and  the  same  amotmt  of  phenolphthalein;  and  found  that 
this  method  3delds  slightly  too  high  results  for  the  alkalinity,'  but  accurate 

^  G.  Bnihns,  Z.  anal.  Chem.,  45,  473  (1906).  As  a  partial  protection  against  the 
air  he  uses  a  layer  of  benzene.  A  film  of  ether  was  used  for  this  purpose  by  Stnmdcy 
(Chem.  Ztg.,  9,  100  (1908)). 

*  S.  P.  L.  S6rensen  and  A.  C.  Andersen,  Z.  anal.  Chem.,  47,  279  (1908). 

'  This  they  attribute  to  the  formation  of  a  small  quantity  of  Ba(HCOs)t.  If  too 
much  hydroxide  is  present,  some  basic  carbonate  is,  according  to  the  authors,  pre- 
cipitated in  cold  solution;  solutions  containing  bicarbonate  obviously  should  not  be 
heated.  But  these  difficulties  can  be  surmounted  by  addition  of  substantially  the 
equivalent  amount  of  acid  or  NaOH  respectively  before  the  heating  and  subsequent 
precipitation  by  means  of  BaCh.  Sorensen  and  Andersen  prove,  therein  confirming 
Guth  (GesundheUsingenieur,  31,  737  (1908)),  that  the  assertion  of  Le  Blanc  and  Novotny 
(Z.  anorg.  Chem.,  51,  181  (1906;;  repeated  Ibid.,  53,  344  (1907))  to  the  effect  that 
addition  of  BaCh  to  a  o.i  N  solution  of  NajCOs  results  in  a  slightly  acid  solution,  is 
untrue  so  long  as  the  sodiiun  carbonate  is  free  from  bicarbonate.    The  greater  part 
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results  if  the  precipitation  is  carried  out  in  hot  solution,  provided  that 
the  origmal  solution  was  mainly  carbonate.  Nevertheless,  in  the  opinion 
of  the  writer,  this  conclusion,  though  apphcable  to  this  particular  pro- 
cedure, does  not  hold  if  several  hours  be  allowed  to  elapse  between  pre- 
cipitation and  titration  and  particularly  if  titration  with  add  is  con- 
tinued tmtil  the  solution  is  colorless;  for  from  the  theory  of  the  method 
(developed  in  the  next  section)  it  follows  that  we  must  titrate  in  such  a 
way  as  to  determine  the  total  amount  of  OH""  present  in  the  solution  after 
the  precipitate  of  BaCOj  has  separated  out,  and  hence  must  continue  imtil 
the  indicator  has  ceased  to  show  pink. 

The  seventh  method — direct  titration  with  acid  and  phenolphthalein 
as  indicator — ^is  not  to  be  recommended.  For,  as  was  shown  by  Kiister, 
and  also  independently  by  Lunge,  ^  the  result  depends  greatly  on  what 
one  chooses  as  the  point  at  which  the  solution  is  considered  to  have  be- 
come colorless;*  it  may  well  be  4%  too  high,  though  this  amount  is  dimin- 
ished in  presence  of  sodium  chloride.^  On  the  other  hand  Seyler^  found, 
as  the  result  of  a  series  of  careful  titrations,  that  this  error  is  due  chiefly 
to  a  loss  of  CO2;  and  Tillmanns  and  Heublein*  showed  directly  that  in  such 
titrations  the  solution  loses  C02,*  and  on  carrying  out  titrations  in  closed 
flasks  observed  sharper  end  points  and  were  able  to  obtain  good  results. 
Nevertheless  this  method  could  jdeld  correct  results  only  if  titration  were 
continued  until  a  certain  shade  was  reached,  but,  since  this  proper  depth 
of  shade  is  not  invariable  but  depends  upon  the  concentration  and  con- 
stitution of  the  solution,^  this  course  would  be  impracticable  if  the  highest 
accuracy  is  desired. 

of  this  confusion  is  directly  due  to  a  failure  to  recognize  that  there  is  equilibrium  be- 
tween the  several  molecular  species. 

^  G.  I/unge,  Z.  angeiv.  Chetn.,  10,  41  (1897). 

*  This  is  the  same  phenomenon  as  is  discussed  at  length  in  Section  V. 

*  This  was  also  observed  by  Lunge  and  Lohhofer,  Z.  angew.  Chem,,  14,  1125  (1901). 
The  reason  for  this  action  is  that  the  added  salt  set^  back  the  ionization  of  the  carbonate 
and  bicarbonate,  and  hence  diminishes  the  speed  of  readjustment  of  the  equilibrium. 
For  this  reason,  too,  titration  with  a  solution  of  EIHSO4,  as  suggested  by  Cameron 
(Am.  Chem.  J.,  23,  471  (1900))  will,  other  things  being  equal,  3rield  closer  results  than 
titration  with  a  simple  add. 

*  C.  A.  Seyler,  Analyst,  22,  314  (1897). 

*  Tillmanns  and  Heublein,  Z.  angew.  Chem.,  24,  874  (191 1). 

*  Absorption  of  COs  by  the  solution  may  occur  in  certain  cases,  particularly  in 
natural  waters  which  have  been  diluted  with  distilled  water — a  procedure  which  may 
weU  yield  misleading  results  with  respect  to  the  composition  and  properties  of  the  im- 
diluted  water;  for  instance,  the  alkalinity  of  the  diluted  water  is  not  a  direct  measure 
of  that  of  the  undiluted  water. 

'  This  deduction  is  confirmed  by  the  experimental  work  recorded  by  Seyler  in 
"Studies  of  the  Carbonates  IV"  (see  note,  p.  947).  Correct  results  could  of  course  be 
attained  by  suitable  calibration  of  the  method,  as  Seyler  proposes;  but  it  seems  simpler 
to  follow  the  procedure  recommended  by  Kuster. 
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IV.  Estimation  of  Both  Carbonate  and  Bicarbonate. 

The  method  most  commonly  used  for  this  determination — viz,,  to  ti- 
trate imtil  phenolphthalein  is  colorless,  to  add  methyl  orange  and  con- 
tinue the  titration  imtil  the  color  change  is  observed — ^is  not  to  be  recom- 
mended where  any  accuracy  is  desired.  For,  as  we  have  seen,  the  uncer- 
tainty as  to  the  proper  end  point  with  phenolphthalein  in  presence  of 
carbonates  is  such  that  there  may  be  an  error  of  5%  in  this  portion  of  the 
titration — an  error  which  may  cause  a  very  large  percentage  error  in  the 
proportion  of  bicarbonate  since  the  latter  is  obtained  by  difference.  Ac- 
cording to  Tillmanns  and  Heublein,^  somewhat  better  results  can  be  ob- 
tained either  by  titrating  in  a  closed  flask,  or  by  proceeding  as  follows: 
Determine  the  amount  of  acid  required  to  bring  about  the  color  change 
with  methyl  orange  as  indicator,  then  to  a  separate  portion  of  the  solution 
add  this  amount  of  add  and  titrate  back  with  NaOH,  imtil  phenolphthalein 
just  shows  a  pink  color. 

But,  for  reasons  already  given,  none  of  these  methods,  as  ordinarily 
carried  out,  is  trustworthy;  moreover  they  are  unnecessary  since  there  is 
an  equally  simple  procedure  which  is  reliable.  The  total  alkali  is  de- 
termined as  before  by  titration  with  methyl  orange  to  the  "normal** 
color  of  a  comparison  solution.*  In  order  to  ascertain  the  proportion  of 
bicarbonate,'  one  adds  the  solution  to  a  known  excess  of  standard  alkali, 
previously  mixed  with  excess  of  barium  chloride,  sets  aside  until  the  pre- 
cipitate has  settled,  and,  without  filtering,  titrates,  using  phenolphthalein, 
until  the  solution  is  colorless;  the  alkali  used  up  corresponds  to  the  bicar- 
bonate present.  The  following  figures,  due  to  Kfister,  attest  the  accura(7 
of  this  method;  for  the  difference  in  the  amount  of  add  used  is  proportiooai 
to  the  added  amount  of  a  mixed  carbonate-bicarbonate  solution: 

Cc. 


' 

(   NatCOi 
(NaHCO*' 

Cc.  0.5N  acid. 

UOH. 

Used. 

Diffcraice. 

15 

38.53 

15 

5 

37.92 

0.6l  ■•    5  X  0.122 

15 

10 

37.30 

1.23  —  10  X  0.123 

15 

30 

34.80 

3.73  -30X0.124 

That  this  method  should  yidd  accurate  results  follows  also  from  a  con- 
sideration of  the  theory  of  the  method.    Besides  the  reaction: 

NasCOs  -f-  BaCla  =  BaCO,  +  aNaCl, 

or  better,  CO,"  -t-  Ba++  =  BaCOs, 

^  Tillmanns  and  Heublein,  Z.  anorg.  Chem.,  24,  874  (191 1). 

•  See  Section  II. 

*  Compare  Section  III.  Confirmatory  evidence  of  the  accuracy  of  this  procedoze 
is  offered  by  McCoy  (Am.  Chem.  J.,  29,  444  (1903)).  Care  must  be  taken  that  no 
free  CO2  is  lost  dining  the  manipulations. 
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which  is  accompanied  by  no  change  in  the  alkalinity^  of  the  solution, 
there  are  the  two  reactions 

2NaHC08  +  BaClj  +  Ba(0H)2  =  2BaC08  +  2NaCl  +  H^O,  (I) 
or  better,  HCOa"  +  OH"  +  Ba++  =  BaCO,  +  H2O, 

H2CO,  +  Ba(0H)2  =  BaCO,  +  2H2O,  (II) 

whence  it  follows  that  one  equivalent  of  OH~  disappears  for  each  equiva- 
lent of  HCOs"  taken  out  of  solution  (as  BaCOs)  and  for  each  equivalent 
of  free  H2COJ  present  originally.  When  the  precipitation  is  complete — 
i.  e.y  before  the  excess  of  alkali  has  been  titrated  back — ^the  following 
equilibrium  equations^  hold: 

[Ba++][CO,-]  =  Kb^  7  X  lo^^  (a) 

[H+][COr]  «  ik2[HC0a"-]  =  4*8  X  io-"[HCO,~]  (ft) 

whence  we  obtain 

[HCO3-] ^5^^5 -  1^ 

^       fe[OH-][Ba++]       [OH-][Ba++] 

Consequently,  the  greater  the  concentrations  of  [OH""]  and  [Ba"*""*"] 
are  at  this  point,  the  smaller  will  be  the  concentration  of  residual  bicar- 
bonate, i.  e.,  of  bicarbonate  which  wiU  remain  untitrated.  In  other  words, 
the  error  of  this  method  can  be  made  as  small  as  we  please  by  having  ex- 
cess of  both  [OH""]  and  [Ba+^j  present  when  precipitation  is  complete. 
As  an  illustration  let  us  make  an  approximate  calculation  of  a  titration 
recorded  by  McCoy:* 

9.94  cc.  of  a  carbonate-bicarbonate  solution,  o.i  N  with  respect  to  sodium,  was 
run  into  7.49  cc.  o.i  N  Ba(OH)s  and  2  cc.  0.5  N  BaCli  and  the  residual  free  alkali 
required  0.70  cc.  o.  i  N  HCl.  The  total  bariiun  present  initially  was  0.00175/2  mols;  that 
used  up,  which  is  equivalent  to  the  total  sodium,  was  0.000994/2  mols;  so  that  the 
total  barium  present  in  the  20  cc.  at  the  end  was  0.00076/2  mols.,  and  therefore 
[Ba**"*"]  ■«  0.019.*  The  OH""  remaining  (that  is,  before  the  titration  with  add)  was 
equivalent  to  0.70  cc.  0.1  i\^  add,  and  therefore  [OH"]  «  0.0035.  By  substitution 
of  these  values  in  the  above  expression,  we  find  that 

10""" 

[HCOr]  = «  io-» 

'   ^       1.9  X  10-*  X3.5  X  io-« 

.  consequently  the    HCOs"  remaining  untitrated  is  negligible — in  other  words  the 
method  yidds  correct  results. 

This  method  then,  when  carried  out  as  outlined  above,  yields  correct 
results  for  the  proportion  of  bicarbonate  to  carbonate  present  in  the 
solution  at  the  time  of  analysis,  provided  that  the  only  metals  present 

*  This  of  cotuse  refers  only  to  the  carbonate  which  is  present  as  such  in  the  solu- 
tion, and  does  not  imply  that  there  is  no  change  in  alkalinity  when  BaCls  is  added  to  an 
actual  solution  of  alkali  carbonate. 

*  (a)  is  the  solubility  product  constant  of  baritun  carbonate  at  16^  (Johnston, 
This  Journal,  37,  2019  (1915));  (b)  is  Equation  III  of  the  present  paper. 

*  Am,  Chem,  J.,  29,  448  (1903). 

*  For  the  sake  of  simplidty  we  assume  here  that  ionization  is  complete. 
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are  those  with  soluble  hydroxides;  otherwise,  a  correction  must  be  made 
for  the  equivalent  alkalinity  of  the  insoluble  hydroxide  or  "basic  salt" 
precipitated  upon  addition  of  the  baryta.  This  correction,  which  is  dis- 
cussed in  the  text-books,  is  necessary  in  many  cases,  since  most  natural 
waters  contain  magnesia  and  some  contain  iron;  its  application  always 
detracts  from  the  accuracy  of  the  method  because  one  cannot  ensure  that 
some  part  of  the  insoluble  base  is  not  precipitated  as  an  indefinite  "basic 
salt."  In  any  case  it  is  to  be  borne  in  mind  that  a  reliable  method  of 
analysis  yields  useful  results  only  if  due  precautions  in  preparing  (or 
sampling)  and  preserving  the  solution  have  been  taken.  As  an  illustra- 
tion of  some  of  these  points  let  us  take  up  a  practical  case  and  the  direc- 
tions which  have  been  given  for  it. 

The  Evaluation  of  Solid  Sodium  Bicarbonate.^The  procedure  recom- 
mended by  Lunge^  is  as  follows: 

"A  5  g.  sample  of  bicarbonate,  contained  in  a  1000  cc.  beaker,  is  dissolved  in  about 
100  cc.  of  distilled  water,  previously  boiled  out  and  cooled  to  15  or  20°;  the  process  of 
solution  may  be  hastened  by  breaking  up  the  large  particles  by  means  of  a  glass  rod, 
but  all  stirring  or  violent  motion  of  the  liquid  must  be  avoided.  These  precautioiis 
are  absolutely  necessary  to  the  attainment  of  trustworthy  resiilts,  since  otherwise  the 
bicarbonate  solution  loses  carbonic  acid  very  readily.  The  temperature  of  the  water 
must  be  between  15**  and  20^;  for  if  it  is  colder  dissolution  is  too  slow,  while  if  it  is 
warmer  the  danger  of  loss  of  carbonic  acid  is  greater.  In  this  solution  the  double 
quantity  (10  g.)  of  pure  NaCl  is  now  dissolved,  the  solution  is  cooled  to  nearly  o*; 
phenolphthalein  is  added  and  the  buret  containing  the  add  so  arranged  that  its  tip  dips 
into  the  solution.  It  is  now  titrated  with  i  N  HCl  until  the  red  color  has  just  disap- 
peared (»  a  cc.  acid);  methyl  orange  is  added  and  the  titration  continued  until  the 
color  changes  ( =  i  cc.  add) ;  2a  represents  the  NafCOs,  b  —  a  the  NaHCOi." 

The  precautions  emphasized  by  Lunge  are  in  accordance  with,  and  could 
have  been  predicted  from,  the  principles  discussed  in  this  paper.  Re- 
tention by  the  solution  of  all  the  CO2,  which  is  essential  if  reliable  results 
are  to  be  attained,  is  favored  by  low  temperature  and  by  the  avoidance 
of  any  stirring,  produced  either  by  intention  or  by  the  dropping  in  of  the 
add  during  the  titration.  It  is  also  essential  that  the  change  bicarbonate 
to  carbonate,  which  will  always  tend  to  proceed  unless  the  CO2  pressure 
has  the  appropriate  value  (a  condition  which  in  practice  is  altogether  ex-- 
ceptional)  be  slowed  up  as  much  as  possible;  this  change,  which  is  an 
ionic  reaction  according  to  the  scheme  2HC08""  =  CO3"  +  CO2  +  HjO, 
can  be  slowed  up  by  diminishing  the  concentration  of  HCO3""  in  the  solu- 
tion, and  this  is  accomplished  by  the  addition  of  a  large  amotmt  of  sodium 
chloride,  which  sets  back  the  ionization  of  the  carbonate.  Limge's  inter- 
pretation of  the  end  points  is,  as  we  have  seen,  not  absolutely  correct; 
nevertheless  it  is  ample  for  the  practical  evaluation  of  sodium  bicarbonate 
as  carried  out  according  to  the  above  directions. 

*  G.  Lunge,  " Chemisch-technische  Untersuchungsmethoden,"  5te  Auflage,  I,  p.  477. 
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V.  Deteminatioii  of  Free  Carbonic  Acid  in  Solution. 

The  method  most  generally  used  appears  to  be  that  proposed  first  by 
Trillich  (but  also  referred  to  as  the  Seyler^  method);  namely,  to  titrate 
with  a  freshly  prepared  solution  of  sodium  carbonate  (0.02  or  0.05  N) 
with  phenolphthalein  as  indicator  until  a  permanent  pink  color  is  developed. 
In  practice  it  has  been  found^  that  certain  precautions  must  be  observed, 
and  that  in  any  case  the  method  does  not  always  3rield  accurate  results; 
for  instance,  the  result  is  generally  too  low  unless  the  total  concentration 
of  carbonate  present  at  the  end  point  is  small — a  condition  which  im- 
plies that  the  aggregate  equivalent  concentration  of  free  COj,  carbonate 
and  bicarbonate  present  in  the  liquid  under  investigation  was  below  a 
certain  Umit.  We  shall  now  consider  the  theory  imderlying  this  method 
in  order  to  elucidate  the  reason  for  this  apparently  anomalous  behavior 
and  to  ascertain  if  it  be  pbssible  to  obviate  these  disadvantages. 

In  this  titration  the  reaction  is 

H2CO3  +  Na^COs  =  2NaHC0, 
or  better,  H2CO8  +  COs"  IJI^  2HCO8-. 

It  is,  therefore,  the  equilibrium  which  forms  the  subject  of  this  paper; 
and  it  is  worth  noting  that,  in  the  ordinary  interpretation  of  the  results 
of  this  method,  there  is  the  tacit  assumption  that  this  equilibrium  adjusts 
itself  practically  instantaneously.  The  relation  between  the  several  con- 
centrations at  equilibrium  is  given  by  Equation  IV,  viz,, 

[HC03-]V[C08-]  =  7ioo[H2COs]  =  yioocP. 
Now  [H2COJ]  is  at  equilibrium  determined,  in  accordance  with  Equation 
I>  by  the  partial  pressiure  of  CO2  in  the  atmosphere  in  contact  with  the 
solution;  and  for  a  given  total  concentration  of  carbonate,  as  we  have 
seen,  both  [HCOs~]  and  [COs*]  are  fixed  if  the  alkalinity  of  the  solution 
(i.  e.,  [H+]  or  [0H~])  is  fixed,  as  it  is  in  fact  at  the  end  point  as  registered 
by  an  indicator.  But,  as  Equation  IV  shows,  the  two  quantities  [H"^] 
and  P  are  not  independent  variables;  if  we  choose  a  value  of  P,  we  thereby 
fix  [H+],  provided  that  equilibrium  obtains,  and  conversely.  Conse- 
quently, unless  the  value  of  P  prevailing  at  the  time  of  titration  corre- 
sponds to  that  of  [H+]  registered  by  the  indicator,  the  end  point  will 
tend  to  be  uncertain  and  the  result  of  the  titration  incorrect;  and  it  is 
obvious  that  these  two  quantities  can  have  corresponding  values  only 
exceptionally,  for,  unless  by  the  adoption  of  some  special  procedure  to 
control  P,  its  value  in  actual  titrations  is  accidental  and  may  vary  from 

*  C.  A.  Seyler,  Chem.  News,  70,  104  (1894);  Analyst,  22,  312  (1897). 

•  First,  apparently,  by  Paul,  Ohlmuller,  Heise  and  Auerbach  (Arb.  Gesund- 
heitsatnt,  23,  333  (1906));  independently,  since  then,  by  several  others.  F.  Guth 
{Gesundheitsingenieur,  31,  737  (1908))  gives  a  large  number  of  references  to  the  litera- 
ture up  to  that  time;  he  too  observed  that  this  method  is  not  exact,  but  considered  it 
good  enough  in  practice. 
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one  hour  to  another.  An  example  may  serve  to  bring  out  this  point. 
When  phenolphthalem  just  turns  pink,  [H+]  the  concentration  of  hydrogen 
ion  in  the  solution  is,  according  to  the  work  of  Rosenstein,^  about  io~~*. 
Consequently  if  we  conduct  a  titration  with  phenolphthalein,  the  con- 
ditions for  equilibrium  at  the  end  point  between  [HCOt"],  [C0»"]  and 
the  partial  pressure  P  of  CO3  in  the  air-space  above  the  liquid  are,  from 
Equations  V  and  VI  [HCOa-]  =  12.6  P,  [C0|-]  =  0.685  ^.  whence 
[B+]  *  [HCOs-]  +  2[C0rI  *=  14  P.  In  other  words,  under  the  condi- 
tions specified,  the  total  equivalent  aggregate  concentrations  of  carbonate 
and  bicarbonate  at  the  end  point  must  for  equilibrium  be  14  P,  or  about 
14  X  0.0005  or  0.007  under  laboratory  conditions.  If  [B+]  at  the  end 
point  is  less  than  0.007,  COs  will  tend  to  be  absorbed  continuously  by  the 
solution  and  thus  to  cause  a  repeated  fading  out  of  the  color  until  the  total 
alkali  added  reaches  this  limiting  value;  if  [B*^]  is  greater  than  0.007, 
the  results  will  tend  to  be  low,  apart  altogether  from  the  circumstance 
that  the  solution  will  tend  to  lose  COs  to  the  air  space  above  it.  Now 
it  is  obvious  that  the  smaller  this  air  space  is,  the  less  COs  must  be  trans- 
ferred to  bring  the  two  phases  into  equilibrium  and  consequently  the 
smaller  the  error;  this  is  the  theoretical  basis  for  the  procedure  recom- 
mended by  Tillmanns  and  Heublein,'  namely,  to  titrate  rapidly  in  a  dosed 
flask  containing  as  little  air-space  as  is  compatible  with  the  manipulations. 
Now  if  the  equivalent  concentration  of  COs,  either  free  or  combined, 
was  such  that  at  the  end  point  [B+]  is  greater  than  the  limiting  value 
(the  magnitude  of  which  depends  upon  the  H+  concentration  actually 
registered  by  the  indicator)  then  some  fraction  of  the  free  COs  will  be 
"covered  up" — an  effect  which  has  been  noted  by  serveral  investigators. 
But  by  a  suitable  choice  of  indicator  one  is  enabled,  in  theory  at  least, 
to  conduct  the  titration  of  any  solution  so  that  the  error  from  this  source 
shall*  not  exceed  a  certain  limit;  the  information  required  is  given  in  Table 
II  in  conjunction  with  a  table  of  indicator  constants.  As  an  example,  if 
the  untitrated  COs  is  to  be  less  than  i  part  per  million,  and  the  total  con- 
centration of  base  at  the  end  point  is  o.ooi,'  one  must  choose  an  indicator 
which  changes  when  [H+]  is  between  io~*  and  io~' — e,  g.,  phenolphthalein 

^  Rosenstein,  This  Joxjksal,  34,  11 17  (1912),  q.  v.  The  value  of  [H'*']  at  the 
end  point  varies  with  the  amount  of  indicator  added,  the  concentration  of  salt  present 
at  the  end  point,  and  the  depth  of  color  fixed  upon  as  denoting  the  end  point. 

*  Tillmanns  and  Heublein,  Z.  Nahr,  Genussm.,  ao,  617  (1910).  The  apparent 
accuracy  of  the  determinations  of  free  COt  by  titration  recorded  in  this  paper  is  doe 
to  the  circumstance  that  the  authors  happened  to  choose  the  particular  concentratioii 
of  phenolphthalein  which  admits  of  correct  results  with  solutions  of  the  Goncentratka 
which  they  investigated. 

» This  implies  that  the  free  COi  originally  present  did  not  exceed  0.0005  N  or 
about  22  p£urts  per  million,  or  a  smaller  amount  if  any  carbonate  was  present  originaOy 
in  the  solution. 
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used  under  appropriate  conditions.^  It  is  obvious,  therefore,  that  the 
use  of  a  single  indicator  under  specified  conditions  cannot  yield  correct 
results  in  general;  that  with  increasing  concentration  of  either  carbonate 
or  indicator  the  amount  of  free  CO2  left  untitrated  increases  rapidly. 
Similar  conclusions  have  also  been  reached  by  Auerbach.^ 

These  conclusions  are  in  harmony  with  the  careful  experimental  work 
of  Noll,'  who  made  a  lai^e  number  of  titrations  of  the  free  COj  in  dis- 
tilled water  in  various  solutions  of  bicarbonates  of  sodium,  calcium,  and 
magnesium  and  in  natural  waters,  using  various  concentrations  of  phenol* 
phthalein,  and  compared  the  results  with  those  of  control  experiments 
made  by  the  Pettenkofer  method.  Table  III  illustrates  his  results  ; 
in  each  case  he  took  200  cc.  of  the  solution,  added  0.5  cc.  of  a  solution  of 
the  given  dilution  of  phenolphthalein  in  96%  alcohol,  ancf  titrated  until 
a  faint  permanent  pink  color  was  obtained. 

Tablb  III.— TftB  Variation  of  thb  Amount  of  "Fus  COi/'  as  Esmmatbd  by 

Titration  wrm  NaiCOt  Solution,  wtth  thb  Amount  of  Indicator; 

According  to  thb  Bxfsrjmbnts  of  Noll. 

"Free  COt"  (mg.  per  I.). 

Dilation  In  Hamburf  water  In  O.OI  12  /IT  NaHCOi 

of  phenolphthalein  solution.^    stated  to  contain  abont  stated  to  contain  about 

1  f.  phth.  to  X  f.  96%  BtOH.         13.6  mg.  COt  per  1.  1 1.7  mg.  COi  per  I. 

2000  16.5  26.4 

1500  14.85 

1000  13.2  15-4 

800  12. I  13.2 

600  II. o  11-55 

400  9.35  8.25 

200                                     7-7  3.85 

100  6.6  (very  faint  pink) 

50  5.5  (faint  pink) 

30  3.85  (red) 

Noll's  conclusions  follow: 
"The  determination  of  free  carbonic  acid  in  waters  by  the  Trillich  method  yields 
reliable  results  if  the  waters  contain  no  bicarbonate  and  if  the  content  of  free  COa  is 
not  so  high  that  an  appreciable  concentration  of  bicarbonate  is  present  at  the  end 
point.  If  on  the  other  hand  the  waters  contain  any  considerable  amount  of  bicar- 
bonate, the  results  will  be  incorrect  unless  the  proper  strength  of  phenolphthaldn  solu- 
tion is  chosen;  the  results  for  COt  may  be  too  high  as  well  as  too  low,  since  bicarbonate 
solutions  which  appear  add  when  tested  by  small  amounts  of  indicator  may  appear 
to  be  alkaline  when  a  larger  concentration  of  indicator  is  used." 

In  a  later  paper*  Noll  investigates  the  use  of  rosolic  acid  as  an  indi- 

^  For  a  discussion  of  this  see  Rosenstein,  This  Journal,  34,  11 17  (1912). 

«  Auerbach,  Z.  angew,  Chem.,  25,  1722  (1912). 

»  Noll,  Z.  angew.  Chem.,  25, 998  (191 2);  see  also  Morgulis  and  Fuller,  "Can  Carbon 
Dioxide  in  Sea  Water  be  Directly  Determined  by  Titration,"  J.  Biol.  Chem.,  24,  31 
(1916). 

*  0.5  cc.  to  200  cc.  liquid  taken  in  each  titration. 

•  Noll,  Z.  angew.  Chem.,  26,  85  (1913). 
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cater  in  this  titration,  and  finds,  in  agreement  with  Tillmanns  and  Heub- 
lein,*  that  the  results  so  obtained  are  incorrect;  this  could,  indeed,  be  in- 
ferred from  Table  II  and  the  known  constant  of  this  indicator.  Indeed, 
as  was  pointed  out  above,  while  in  any  specified  case  one  indicator  may- 
yield  more  nearly  correct  results  than  another,  no  indicator  will  be  satis- 
factory over  the  whole  range  of  concentrations;  and  the  choice  of  a  suit- 
able indicator  and  of  the  proper  end  point  can  be  made  only  if  the  total 
CO2  content  is  known  in  advance.  It  has  also  been  proposed  to  titrate 
with  NaOH  or  Ca(0H)2;  but  the  choice  of  end  point  is  open  to  the  same 
uncertainty,  and  the  results  are  unreliable — a  conclusion  which  has  also 
been  confirmed  by  experience.  This  method  is  obviously  altogether  in- 
appUcable  to  waters  which  contain  some  free  acid  other  than  carbonic 
acid,  e,  g.,  to  waters  carrying  a  salt,  such  as  FeS04,  which  is  readily  hydro- 
lyzed. 

Altogether,  then,  titration  methods,  as  ordinarily  carried  out,  are  of 
very  Uttle  use  as  a  means  of  accurately  determining  small  quantities  of 
free  CO2  in  solution;  such  a  method  might,  perhaps,  be  used,  by  reason 
of  its  convenience  and  rapidity,  in  cases  where  it  is  necessary  to  make  com- 
parative determinations  on  a  long  series  of  very  similar  waters;  but  it 
would  then  be  advisable  to  calibrate  the  method  by  applying  it  to  known 
solutions,  as  has  been  suggested  by  Auerbach^  and  carried  out  very  recently 
by  Winkler.' 

Free  CO2  in  solution  can  be  determined  by  boiling  the  hquid,  or  by  as- 
pirating a  current  of  air  through  it.  and  absorbing  the  CO2  set  free  by  either 
means,  but  only  if  it  exists  entirely  in  uncombined  form.  If  some  of  it 
exists  in  combined  form,  the  results  of  such  a  procedtu*e  have  no  very  defi- 
nite meaning;  for  as  the  free  CO2  is  removed,  the  equiUbrium  between 
HCO3",  COs"  and  CO2  tends  to  reestabUsh  itself  and  more  CO2  is  re- 
generated. Consequently  the  results  will  always  be  too  high,  and  be  higher 
the  long^  the  boiling  or  aspiration  process  is  continued;  if  the  latter  is 
conducted  rapidly,  the  weight  of  CO2  absorbed  will  be  an  approximate 
meastu-e  of  the  aggregate  amount  existing  in  the  solution  as  free  COj  and 
as  bicarbonate.  Indeed  by  aspirating  a  stream  of  air  absolutely  free  from 
CO2  through  a  carbonate  solution  for  a  long  enough  time,  one  can — 
theoretically  at  least — drive  out  absolutely  all  the  carbonate,  and  be  left 
with  a  solution  containing  only  hydroxide.  Similar  remarks  apply  to 
the  process  of  ''raining*'  the  solution  (i.  e.,  letting  it  fall  in  small  drops 
through  the  air),  a  procedure  employed  by  Tillmanns  and  Heublein  as 
a  means  of  causing  the  solution  to  lose  CO2  rapidly.  Obviously,  there- 
fore, it  is  not  generally  admissible  to  use  this  or  an  analogous  procedure 

^  Tillmaims  and  Heublein,  Z.  Nahr,  Genussm,,  ao,  617  (1910). 
»  F.  Auerbach,  Z.  angew.  Chem.,  35,  1722  (1912). 
»  L.  W.  Winkler,  Z.  anal.  Chem.,  53,  746  (1914)- 
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for  thispurpose,  as  Classen  does,^  unless  very  approximate  results  will 
su£Bice;  indeed,  in  special  cases  the  result  may  be  absolutely  erroneous. 
For  instance,  Hillebrand,^  in  analyzing  a  mineral  water  containing  mainly 
the  radicals  SO4,  Zn,  Ca,  COs  (in  the  order  of  their  ablmdance),  found  that 
all  the  COj  was  expelled  on  simply  boiling  the  water,  although  it  was  neu- 
tral to  litmus,  and  that  simultaneously  ZnO  was  precipitated;  this  loss 
of  COi,  which  must  occur  to  some  extent  with  several  other  metallic  radicals, 
notably  with  iron  and  under  certain  circumstances  with  magnesium, 
is  determined  by  the  solubiUty-product  constants  of  Zn(0H)2  and  ZnCO|.' 
Incidentally,  a  determination  of  total  soHds  by  evaporation  would,  as 
Hillebrand  notes,  involve  a  very  serious  error  in  addition  to  those  usually 
encountered. 

Forbes  and  Pratt^  made  a*  comparison  of  this  method  with  titration 
methods,  and  found  that  their  aspiration  method  yielded  higher  results, 
which  they  beheved  to  be  correct;  for  practical  work,  however,,  they  favored 
the  Lunge,  TriUich  or  Seyler  method  (i.  e.,  titration  with  a  solution  of 
NaaCOj)  by  reason  of  its  convenience.  But,  as  we  have  seen,  neither  of 
these  methods  is  to  be  recommended  where  accuracy  is  desired ;  this  matters 
the  less  because  the  information  desired  can  be  obtained  in  other  ways. 

If  accurate  results  are  required,  they  can  be  secured  by  employing 
the  method  described  recently  by  Swanson  and  Hulett.*  The  principle 
of  this  method  is  to  introduce  a  given  volume  of  the  liquid  into  an  evacuated 
vessel  of  known  volume,  to  shake  until  equilibrium  between  the  COj 
in  both  phases  has  been  attained,*  and  then  to  determine  the  proportion 
of  CO2  in  the  vapor  phase — a  determination  which  is  simple,  rapid  and 
accurate.^  By  combining  this  result  with  the  appropriate  solubility  of 
CO2  we  can  derive  directly  the  concentration  of  free  COj  in  the  liquid  as 
at  the  end  of  the  experiment;  whence  by  taking  into  account  the  relative 

^  Classen,  "Ausgewdhlte  Methoden  der  Analytischen  Chemie/*  a,  189  (1903). 

*  W.  P.  HDlebrand,  Am.  J.  Sci.,  43,  418  (1892). 

*  For  the  analogous  case  with  magnesium  see  Johnston,  This  Journal,  37,  2015 
(1915)- 

*  F.  B.  Forbes  and  G.  H.  Pratt,  "The  Determination  of  Carbonic  Acid  in  Drinking 
Water,"  This  Joxhinal,  25,  742  (1903).  These  authors  give  many  good  practical 
hints,  especially  in  connection  with  the  method  discussed  in  Section  IV  supra. 

^  Swanson  and  Hulett,  This  Journal,  37,  2490  (1915).  The  ideal  method  would 
be,  as  Swanson  and  Hulett  point  out,  to  prepare  and  know  the  composition  of  the  gas 
phase  which  would  be  in  equilibrium  with  the  solution;  but  this  would  hardly  be  a 
practical  analytical  method. 

'  If  no  appreciable  amount  of  carbonate  (as  distinct  from  bicarbonate)  is  present 
after  shaking,  the  attainment  of  this  equilibrium  would  require  only  a  few  minutes; 
if  otherwise,  time  must  be  allowed  for  the  readjustment  of  the  equilibrium  between 
HCOj"",  COi"  and  COi  in  solution,  for  the  position  of  equilibrium  is  shifted  by  the  loss 
of  COj  to  the  vapor  space. 

'  J.  Walker,  /.  Chem.  Soc.,  77,  11 10  (1900);  cf.  A.  G.  Woodman,  This  Journal, 
35,  150  (1903). 
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volumes  <rf  the  Kquid  and  vapor  phase  we  can  readily  calculate  the  original 
concentration  of  free  COs,  provided  either  that  no  appreciable  proportion 
of  COs"  was  present  at  the  end  of  the  experiment  or  that  the  volume 
of  the  vapor  phase  was  very  small  as  compared  with  that  of  the  liquid. 
In  practice  the  latter  condition  would  usually  not  be  fulfilled,  but  the 
former  would,  since  one  would  be  unlikely  to  employ  this  method  unless 
the  amount  of  free  CO2  is  considerable  (and  hence,  COj"  small) ;  yet  with 
the  above  data  and  a  knowledge  of  the  amotmt  of  base  equivalent  to  the 
combined  CO2  the  calculation  of  the  original  proportions  of  carbonate^ 
bicarbonate  and  free  CO2  can  be  performed  in  all  cases,  though  it  may  be 
somewhat  troublesome.^ 

It  must,  of  course,  always  be  borne  in  mind  that  this  analysis  only 
tells  us  the  quantity  of  free  CO2  present  in  the  liquid  at  the  time  of  analysis, 
a  quantity  which  bears  no  necessary  relation  to  the  amount  originally 
present,  unless  due  precautions  have  been  taken  in  collecting  and  pre- 
serving the  sample.  The  same  remark  applies  to  all  of  the  determinations 
discussed  in  this  paper. 

VI.  Estimation  of  Total  COs,  Free  and  Combined. 

The  best  procedure  appears  to  be  that  recommended  and  described 
fully  by  Treadwell.*  The  principle  of  this  method  is  to  expel  the  carbon 
dioxide  first  by  reducing  the  pressure  over  the  Uquid  and  finally  by  adding 
acid  and  heating  until  the  expulsion  is  complete;  the  volume  of  gas  thus 
set  free  is  read  off.  This  method  possesses  two  great  advantages:  that 
there  is  no  doubt  as  to  the  interpretation  of  the  results  (which  cannot  be 
said  of  all  the  methods  proposed) ;  and  that  the  determination  may  readily 
be  made  in  a  short  time  at  the  source  of  the  water,  so  that  errors  due  to 
loss  of  COs  are  reduced  to  a  minimum.  Equally  good  results  are  also  ob- 
tained by  absorbing  the  expelled  COs  in  suitable  tubes,  and  weighing  it; 
the  use  of  this  method,  which  obviously  can  only  be  carried  out  in  a  labctra- 
tory,  is  indicated  whenever  the  total  amount  of  COs  is  small. 

Mention  should  also  be  made  of  the  Winkler  method,'  because  it  has  been 
used  extensively;  he  expels  the  COs  by  generating  hydrogen  from  zinc  and 
hydrochloric  acid  within  the  solution,  absorbs  it  in  caustic  potash  and 
determines  the  increase  in  weight.  But  in  a  quite  recent  paper^  he  him- 
self notes  that  there  are  sources  of  error — ^namely,  that  the  COs  is  not 
completely  expelled,  and  that  some  water  passes  over  and  is  absorbed — 

1  The  mode  of  calculation  is  analogous  to  that  employed  in  computing  the  solubilitr 
of  caldte  in  water  for  various  partial  pressures  of  COt  (see  This  Journai«,  37,  2011 

(1915)). 

•  Treadwell,  "Analytical  Chemistry/*  ist  ed..  Vol.  a,  p.  309  (1906}.     It  is  a  modi- 
fication of  the  original  Petterson  method. 

»  L.  W.  Winkler,  Z.  anal,  Ckem.,  42,  735  (1903). 

*  Ibid.,  53,  421  (19 13);  cf.  Casares  and  de  Rubies,  C.  A„  7,  3377  (1913). 
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to  obviate  which  he  recommends  that  the  apparatus  be  calibrated  by  work- 
ing with  known  similar  solutions  under  the  same  conditions.  But,  apart 
from  this  disadvantage,  this  method  is  inconvenient  in  the  field,  and 
hence  is  not  well  adapted  to  the  determination  of  the  total  COa  in  nattu-al 
waters.  Titration  methods  have  also  been  used,  but  they  need  not  be 
discussed  further  here,  for  they  are  substantially  identical  with  those  already 
discussed. 

Vn.  General  Conclusions. 

In  the  foregoing  pages  we  have  reviewed  the  most  important  methods 
for  the  determination  of  the  various  constituents  of  a  solution  containing 
alkali  carbonates;  some  of  these  methods  yield  accurate  results,  while 
others  do  not.    If  due  precautions  are  taken,  accurate  determinations 
of  the  total  base  equivalent  to  the  combined  CO2  and  of  the  total  CO^ 
are  readily  made ;  but  the  results  of  all  estimation?  of  the  amount  of  free  CO2, 
of  bicarbonate  (half-bound  CO2),  or  of  carbonate  (bound  CO2)  must  be 
scrutinized  carefully,  as  they  may  be  very  much  in  error.    The  reasons 
for  this  are  in  the  main  two:     (i)  That  in  such. solutions  there  is  equilib* 
rium  between  COj  (which  in  turn  is  determined  by  the  proportion  of 
CO2  in  the  air),  HCOj"  and  COa"  and  the  base  B+,  the  state  of  which  is 
altered — and  altered  fairly  rapidly — ^by  any  change  in  the  concentration 
of  any  of  these  constituents;  consequently  any  attempt  to  estimate  the 
proportion  of  one  of  these  constituents  cannot  prove  successftd  unless  it 
is  practicable  to  slow  up  the  readjustment  of  this  equilibrium  to  such  an 
extent  that  the  change  in  concentration  of  the  constituent  dining  the  time 
required  for  the  analysis  is  inappreciable;  (2)  that  a  comparatively  slight 
change  in  the  concentration  of  hydrogen  ion  corresponds  to  a  much  larger 
change  in  the  concentrations  of  CO2  free  and  combined,  and  that  the 
concentration  of  H+  at  the  proper  end  point  of  the  titration  (*.  e.,  for 
correct  results)  is  not  an  invariable  quantity,  but  depends  upon  the  con- 
stitution of  the  solution  being  analyzed;  consequently  the  result  ob- 
tained depends  in  a  marked  degree  upon  the  indicator  adopted  and  upon 
the  end  point  chosen.     Indeed,  as  we  have  seen,  no  single  indicator  and 
no  arbitrary  end  point  can  3neld  satisfactory  results  over  the  whole  range 
of  possible  concentrations. 

The  least  satisfactory  method  in  general  is  the  titration  method  for 
free  CO2  as  ordinarily  carried  out,  for  the  results  cannot  be  interpreted 
tinless  the  constitution  of  the  solution  is  already  known.  This  method 
might,  of  course,  yield  satisfactory  comparative — ^though  somewhat 
empirical — ^results  when  applied  to  a  long  series  of  very  similar  waters, 
as  in  the  daily  testing  of  a  water  supply.  The  free  CO2  is  readily  de- 
termined by  a  gasometric  method,  provided  that  the  concentration  of 
combined  CO2  is  very  small;  if  it  should  prove  necessary  to  determine 
free  CO2  directly  in  a  solution  containing  a  material  amount  of  combined 
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CO2,  one  can  achieve  any  desired  accuracy  in  the  result  by  observing  the 
precautions  .discussed  m  the  text.  The  most  common  method  of  esti- 
mating-the  relative  proportions  of  bicarbonate  and  carbonate — viz.,  to 
titrate  first  with  phenolphthalein,  subsequently  with  methyl  orange — 
also  yields  only  approximate  results;  these  amotmts  can,  however,  be 
determined  with  sufficient  accuracy  in  many  cases  by  following  the  pro- 
cedtue  recommended  by  KQster  and  discussed  in  the  text. 

On  the  other  hand  it  is  doubtful  if  it  is  worth  while  making  the  latter 
determinations,  especially  in  natural  waters,  for  the  following  reasons: 
In  the  first  place,  we  are  dealing  with  an  equilibrium  capable  of  fairly 
rapid  readjustment,  and  so  any  change  in  the  proportion  of  one  constituent 
affects — in  many  cases,  very  markedly — the  proportions  of  the  others; 
consequently  any  method,  even  if  it  is  in  itself  reliable,  will  not  )rield 
information  as  to  the  true  proportions  originally  present  in  the  solution 
unless  due  precautions  are  observed  to  prevent  any  alteration  in  the  solu- 
tion previous  to  the  analysis — and  that  such  precautions  have  in  many 
cases  not  been  taken  is  evident  if  one  glances  at  any  collection  of  water 
analyses.  In  the  second  place,  since  we  are  dealing  with  an  equilibrium, 
there  is  no  point  in  actually  determining  all  of  these  constituents,  be- 
cause if  we  determine  a  certain  number  of  them,  we  can  calculate  the  con- 
centration of  each  of  the  others;  in  other  words,  we  can  obtain  just  as 
much  useful  information — i,  e.,  information  which  we  can  interpret — 
from  this  smaller  number  of  determinations.  For  we  are  justified  in 
inferring  that  natural  waters  have  had  time  to  attain  substantial  equi- 
librium in  respect  to  these  components  under  the  prevailing  conditions. 
This,  of  course,  does  not  imply  that  they  are  necessarily  in  equilibrium 
in  a  water  as  it  issues  from  a  spring,  for  such  water  is  encountering  rapidly 
changing  conditions;  on  the  other  hand  it  is  hard  to  see  what  useful  con- 
clusions we  can  draw  from  determinations  of  the  concentration  of,  for 
instance,  carbonate  or  bicarbonate  present  under  such  circumstances. 

In  general,  then,  it  suffices  to  determine  (a)  the  total  base  equivalent 
to  the  combined  carbonate,  (6)  the  total  COj,  free  and  combined,  both 
of  which  are  easy,  reliable  and  unaffected  by  the  presence  of  alkaline 
earths  or  of  iron;  for  with  a  knowledge  of  these  one  is  enabled  to  calculate 
the  concentration  of  (c)  carbonate,  (d)  bicarbonate,  (e)  hydrogen  ion, 
which  is  a  measure  of  the  degree  of  acidity  (or  alkalinity)  of  the  water. 
Alternatively  one  may  in  certain  cases  prefer,  instead  of  (6),  to  determine 
either  the  proportion  of  bicarbonate  to  carbonate — a  determination 
which  can,  subject  to  certain  conditions,  be  made  accurately — or  the  al- 
kalinity directly  by  means  of  indicators  in  conjunction  with  a  series  of 
comparison  solutions;  for,  when  the  respective  ionizations  (which  depend 
upon  the  concentration  of  total  base,  [B+])  are  taken  into  account,  these 
two  quantities  are  related  to  one  another  by  Equation  III  or  Illa  and  to 
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the  other  quantities  by  the  other  appropriate  eqtiations.  Which  pro- 
cedure one  chooses  depends  upon  individual  preferences  as  reganls  manipu- 
lation and  computation,  and  upon  what  one  is  chiefly  interested  in  as- 
certaining; which  brings  up  the  question  as  to  which  of  these  several 
quantities  has  the  greatest  practical  utility  in  each  case.  But  it  is  to  be 
observed  that  for  all  scientific,  as  well  as  for  many  technical  purposes, 
we  wish  to  know  the  equilibritun,  so  we  would  choose  the  most  convenient 
and  most  accurate  way  under  the  circumstances  of  ascertaining  the  con- 
centrations of  the  factors. 

Let  us  consider,  for  example,  the  suitability  of  a  water  for  use  in  a 
boiler,  insofar  as  it  is  affected  by  the  presence  of  CO2  combined  and  free. 
For  the  sake  of  simplicity  we  shall  suppose  that  the  only  base  combined 
with  the  carbonic  add  is  lime.  The  total  amount  of  calcium  carbonate 
present  is  limited^  by  the  total  concentration  of  CO2;  though  it  need  not 
correspond  quantitatively  to  the  latter — in  other  words,  the  water  may 
not  be  saturated  with  respect  to  calcium  carbonate,  in  which  case  a  definite 
proportion  of  the  free  COt  will  be  "aggressive,"  a  question  to  which  we 
shall  revert  presently.  However  this  may  be,  the  COt  will  be  expelled 
very  soon  after  the  water  enters  the  boiler,  and  we  shaU  have  in  the  boiler 
a  saturated  solution  which  deposits  CaCOa  as  the  water  is  evaporated. 
This  precipitation  within  the  boiler  can  be  minimized  by  reducing  the 
content  of  carbonate  before  the  water  enters  the  boiler;  this  can  be  ac- 
complished by  blowing  air  through  the  water  and  adding  an  amount  of 
alkali*  (soda  or  slaked  lime)  equivalent  to  the  bicarbonate  present  at  tk4 
Hme  of  addition.  This  amount  has  usually  been  taken  to  be  equivalent 
to  the  difference  between  the  phenolphthalein  and  methyl  orange  end 
points;  but  this  is,  as  we  have  seen,  a  somewhat  imcertain  procedure 
which  tends  to  lead  one  to  add  more  alkali  than  is  requisite,  and  any  excess 
of  alkali  is  undesirable  because  it  leads  to  foaming  within  the  boiler. 
Consequently  one  should  determine  the  concentration  of  bicarbonate 
by  the  acctu'ate  method,  or  at  least  calibrate  by  means  of  this  inethod 
the  procedure  which  is  employed.  The  final  amount  of  calcium  carbonate 
will  always  correspond  to  its  solubility  under  ordinary  atmospheric  con- 
ditions, i,  e.,  about  60  parts  per  million;  it  will  not  be  diminished  sub- 
stantially by  any  permissible  residual  concentration  of  alkali,  but  can  be 
materially  decreased  if  the  precipitation  is  carried  out  at  elevated  tempera- 

^  In  presence  of  calcium  sulfate  it  will  of  course  always  be  smaller  by  an  amount 
readily  calculable;  but  this  we  are  not  taking  into  consideration  here. 

•  Calcium  sulfate  is  got  rid  of  by  the  addition  of  the  equivalent  quantity  of 
NaaCOi.  The  equilibrium  CaS04  -f  Na2C03  "7"^  Na2S04  -f  CaCOs  proceeds  furth  er 
to  the  right  (i)  the  greater  the  solubility  of  CaS04  (2)  the  smaller  the  solubility  of 
CaCOi;  consequently  the  process  should  be  carried  out  so  far  as  practicable  at  a  lo  w 
temperature  and  after  the  COa  has  been  removed. 
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ture,  since  both  the  solubility  of  COj  and  the  solubility-product  constant 
of  CaCOs  decrease  with  increase  of  temperature. 

Let  us  now  take  Up  the  case  of  a  water  which  contains  COj  in  excess 
of  the  amount  required  to  keep  all  the  lime  in  solution.  It  had  been  ob- 
served that  certain  waters  attack  concrete,  dissolving  out  CaCOj,  or  iron 
pipes  and  by  doing  so  cause  trouble  in  the  water  supply;^  this  was  at- 
tributed to  what  was  called  the  "aggressive"  CO2,  which  by  many  was 
assumed  to  be  identical  with  the  total  free  CO2.  But  when  the  endeavor 
was  made  to  prevent  this  action  by  removing  all  of  the  free  COj,  other 
difficulties  were  encountered  which  remained  tmaccountable  until  in 
19 1 2,  Tillmanns  and  Heublein,  having  learned  that  the  solubility  of  CaCQt 
depends  upon  the  partial  iwessure  of  COs  in  the  adjacent  air,  deduced  that 
the  '^aggressive"  COj  was  that  amount  of  the  free  CO2  in  excess  of  what  was 
required  to  keep  the  CaCOg  (or  other  insoluble  carbonate)  in  solution. 
Accordingly,  they  made  up  a  series  of  solutions  containing  CaCOa  and 
free  CO2,  left  them  in  contact  with  pieces  of  marble  for  10  days  or  more, 
and  finally  determined  the  concentrations  of  bound  and  free  COj;  in 
effect,  therefore,  they  made  determinations  of  the  solubihty  of  CaCQi 
in  water  containing  various  proportions  of  CO2.  The  results  when  plotted 
are  in  general  agreement  with  those  of  Schloesing,  though,  since  the  tem- 
perature of  experiment  is  indefinite,  it  is  useless  to  calculate  any  definite 
constant  from  them;  this  was,  indeed,  done  roughly  by  Auerbach*  who 
gave  a  better  smoothed  out  curve,  and  a  simple  geometrical  construction, 
by  means  of  which  the  concentration  of  ''aggressive"  COs  may  be  read  by 
inspection  from  the  solubihty  curve.  This  amount  can  also  be  calculated 
readily  from  the  equations  given  in  a  previous  paper,'  if  lime  is  substantially 
the  only  base  present;  otherwise,  since  the  solubihty-product  constants 
of  the  various  carbonates  are  different,  these  curves  and  equations  are 
not  appUcable,  and  it  would  be  better  to  determine  directly  by  experiment 
the  concentration  of  aggressive  CO2.  This  concentration  cannot  be 
ascertained  from  experiments  with  any  indicator,  because  the  degree 
of  alkalinity  at  which  we  begin  to  have  aggressive  COs  is  not  an  invariant 
quantity — ^in  other  words,  the  alkalinity  of  saturated  solutions  of  carbonates 
is  not  constant,  but  depends  upon  the  total  base  in  solution.  If  now, 
in  an  attempt  to  remove  this  aggressive  COs  (by  blowing  air  through  the 
water,  or  otherwise)  too  much  CO2  is  removed  we  are  left  with  a  super- 
saturated solution  of  carbonates  which  will  slowly  be  deposited — a  process 
which  reproduces  free  COs  which  again  can  act  aggressively  and  cause 
trouble.     Similar  remarks  apply  to  the  process  for  the  removal  of  iron  by 

^  References  are  given  by  Tillmanns  and  Heublein,   Gesundheitsingenieur,   35, 
669  (19 1 2);  also  by  Tillmanns,  /.  Gasbeleuchtung,  56,  370  (1913). 
•  Auerbach,  Gesundheitsingenieur,  35,  809  (191 2). 
'  J.  Johnston,  This  Journal,  37,  201  i  (1915). 
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blowing  air  through  the  water;  and  the  redissolving  of  iron  by  treated 
water  has  been  an  occasional  source  of  trouble.^ 

These  instances  have  been  discussed  at  some  length  because  they  il- 
lustrate the  point  that  by  considering  that  there  is  a  mobile  equilibrium 
and  applying  the  appro|»iate  quantitative  relations  we  are  enabled  to 
codrdinate  and  account  very  readily  for  things  which  otherwise  are  iso- 
lated and  inexpUcable  facts.  The  application  of  these  principles  to  other 
specific  cases  may  be  made  in  the  same  way,  though  in  some  cases  ex^ 
perimental  work  on  the  constants  involved  may  be  required  before  the 
complete  quantitative  solution  of  the  problem  can  be  given. 

Summary. 

Within  any  solution  containing  carbonate  there  is  a  readily  attained 
equiUbrium  between  the  carbonate  ion  COs",  the  bicarbonate  ion  HCOs", 
and  the  carbonic  acid  HjCOs,  and  in  turn  between  the  carbonic  acid  and 
the  partial  pressure  of  carbon  dioxide  above  the  solution;  consequently 
these  molecular  species  can  coexist  only  in  definite  proportions  determined 
by  the  several  equilibrium  constants.  An  examination  from  this  stand- 
point of  the  most  commonly  used  titration  methods  for  the  estimation 
of  the  combined  and  free  CO2  in  solution  leads  to  the  conclusion  that  many 
of  these  procedures  do  not  yield  definite  results — a  conclusion  which  is 
corroborated  by  all  of  the  careful  comparative  experimental  work  bearing 
on  these  methods.  In  principle  the  only  absolutely  reliable  methods  are 
those  for  the  total  base  combined  with  the  carbonic  acid  and  for  the  toted 
CO2  present  in  solution;  in  practice  they  yield  accurate  results  provided 
that  due  attention  is  paid  to  the  conditions  discussed,  or  referred  to, 
in  the  paper.  But  these  two  determinations  suffice  in  general  to  charac- 
terize tiie  solution  with  respect  to  either  its  content  of  free  CO2,  the  pro- 
portion of  carbonate  to  bicarbonate,  or  the  degree  of  alkalinity  or  acidity; 
for,  since  we  are  dealing  with  an  equilibrium  capable  of  fairly  rapid  re- 
adjustment, we  are  justified  in  applying  the  equilibrium  constants  to 
calculate  the  above  quantities  in  the  great  majority  of  those  cases  in  which 
a  knowledge  of  them  is  of  real  importance. 

Wasbinoton,  D.  C. 
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product  constant  of  calcium  and  magnesium  carbonates,  several  additional 
points  have  come  up  which  deserve  consideration.  These  points  are, 
moreover,  of  some  general  importance  since  they  apply,  mutatis  mutandis^ 
to  any  carbonate  (or  indeed  to  salts  of  any  dibasic  add) ;  they  are  eluci- 
dated immediately  by  the  consideration  of  the  complete  solubility  curve 
of  the  carbonate  at  any  temperature.  We  shall,  therefore,  discuss  briefly 
the  relation  between  the  partial  pressure  of  CO2  in  equiUbrium  with 
the  solution  and  the  total  concentration  of  base  in  equilibrium  with 
the  stable  solid  phase;  the  latter  will  be  hydroxide,  carbonate  or  bicar- 
bonate^ according  to  conditions,  as  a  carbonate  is  stable  in  presence  of 
its  aqueous  solution  only  between  certain  Umits  of  pressure  of  COs,  these 
limits  being  fixed  for  a  given  base  at  a  given  temperature. 

We  begin  by  considering  the  equilibrium  between  the  hydroxide  M(OH)» 
and  the  aqueous  solution  saturated  with  it  as  affected  by  a  progressive 
increase  from  zero  of  the  partial  pressure  P  of  COj  in  the  atmosphere 
in  contact  with  the  solution.  Addition  of  COs  is  followed  by  a  dis- 
tribution between  the  vapor  and  liquid  phases  tmtil  there  is  equilibrium 
between  the  residual  partial  pressure  of  COs  and  the  HsCOa  in  solution, 
and  in  turn  between  the  latter  and  the  several  ions;  the  net  effect  of 
this  is  a  definite  decrease  in  [0H~],  the  concentration  of  hydroxide  ion, 
which  necessitates  that  more  of  the  hydroxide  dissolve  in  order  to  keep 
the  solubility-product  [M"*"+][OH~]*  constant.  Consequently  the  total 
concentration  of  M+"*"  increases,  part  of  it  being  now  associated  with 
carbonate  and  bicarbonate;  in  other  words,  the  apparent  solubility  of 
the  base  increases  if  the  method  of  analysis  of  the  solution  is  a  determina- 
tion of  M,  whereas  it  would  decrease  if  one  should  determine  [0H~].* 
This  process  continues  until  the  product  [M'**'*"][C03"1  reaches  the  value 
requisite  for  the  precipitation  of  MCOs  (on  the  assumption  that  super- 
saturation  does  not  occur)  which,  for  a  given  base,  takes  place  at  a  definite 
value  of  P  which  depends  only  upon  the  temperature;  this  transition 
pressure  Pi  is,  at  a  given  temperature,  the  highest  under  which  solid 
hydroxide  is  stable  and  the  lowest  at  which  solid  carbonate  is  stable. 

At  Pi  the  solubility  (as  measured  by  the  total  [M])  begins  to  diminish,* 
because  increase  of  P  increases  [COa"]  while  the  product  [M •*■"♦"] [COs"] 
must  remain  constant  so  long  as  MCOs  is  the  stable  solid  phase*;  this 
increase  of  [COs"  ]  continues  until  a  definite  pressure  P©  is  reached,  when 
the  formation  of  bicarbonate  in  the  solution  becomes  the  predominant 

^  Throtighout  this  paper  we  presume  that  no  basic  carbonate  exists  as  a  stable 
•olid  phase. 

*  Manifestly  one  could  not  determine  [OH""]  by  an  ordinary  titration  method, 
but  would  have  to  use  some  method  which  does  not  alter  the  equilibrium. 

*  This  descending  portion  of  the  ciu-ve  will  not  be  realizable  if  the  hydroxide  is 
stable  beyoncf  a  certain  limiting  value  of  P,  viz,,  Po  (cf.  postea)  which  varies  very  little 
from  one  base  to  another. 
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reaction  and  [COs*]  begins  to  decrease  again.  Pe  is  thus  a  tninimiim 
in  the  solubiKty  curve.  With  further  increase  beyond  P©  the  concen- 
tration of  both  M"^+  and  HCOj"  increases  steadily  until  the  precipita- 
tion value  of  the  product  [M+^JfRCOi"]*  is  reached  at  Pi,  which  is  a 
transition  pressure  at  which  both  carbonate  and  bicarbonate  are  present 
as  stable  soHd  phases.  Beyond  P%  bicarbonate  alone  is  stable,  and  its 
total  solubility  falls  off  very  dowly  with  further  increase  of  partial  pres- 
sure of  CO2. 
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Fig.  1. — Graph  of  log  C  (C  ^  ionic  concentration)  against  log  P  {P  =  COj  pressing  in 
atm.)  for  the  several  ions  in  the  system  CaO-HsO-COs  at  16  ^.  The  stable  solid  phase  to 
the  left  of  Pi  is  hydroxide,  between  Pi  and  Ps  is  carbonate,  and  to  the  right  of  Pa 
bicarbonate.  The  several  dotted  curves  are  the  solubility  curves  which  would  be  ob- 
tained if  the  concentration  of  one  or  another  of  these  ions  were  determined  by  analysis; 
the  full  curve,  if  correction  is  made  for  incomplete  ionization,  represents  the  solubility 
as  ordinarily  determined  by  estimation  of  calcium. 

These  relations  are  obvious  frpm  Fig.   i,  which  shows  the  variation 
-with  P  of  the  total  concentration^  of  Ca++  (which  if  it  were  corrected  for 
the   incomplete   ionization,   would  be   the   solubility   of   the   solid,    as 
ordinarily  measured),   and  also  of    [OH"],   [COs*]  and  [HCOa"];  ob- 
viously 2[Ca++]  =  [OH-]  +  2[C08"]  +  [HCOs-].    These  curves  were 
constructed  on  the  basis  of  the  equilibrium  equations  discussed  in  what 
follows;  the  only  assumption  made  is  that  each  solubility-product  re- 
mains constant  throughout  the  range  ih  which  the  particular  solid  phase 
^  The  scales  had  to  be  made  logarithmic,  as  otherwise  the  left  hand  portion  of  the 
cUagram  up  to  Po  would  have  been  too  small  to  be  visible;  for  some  numerical  data  see 
Table  I. 
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is  stable.  The  figure  shows  very  strikingly  to  what  diffecent  results 
we  might  be  led  if,  instead  of  determining  by  experiment  the  total  con- 
centration of  M,  we  were  to  analyze  for  one  of  the  other  three  molecular 
species;  such  a  course  would  be  unlikely  in  the  case  of  the  carbonates 
but  might  be  followed  in  other  analogous  cases,  e.  g.,  sulfites  or  sulfides. 
It  may  be  remarked,  moreover,  that  it  is  entirely  possible  that  the  range 
P1P2  within  which  the  normal  carbonate  is  the  stable  solid  phase  may 
in  certain  cases  be  very  small,  or  even  zero;  the  main  conditions  for  this 
would  be  that  the  hydroxide  be  relatively  insoluble  and  the  bicarbonate 
not  too  soluble. 

The  Value  of  P©. — ^The  minimtun  solubility  is  realizable  only  if  car- 
bonate is  the  stable  solid  phase  at  the  pressure  Po,  t.  e.,  only  if  Pi  is  less 
than  Po-  The  equations^  giving  the  necessary  relations  are  as  follows, 
the  symbols  being  the  same  as  before  with  the  addition  of  m,  the  valence 
of  M  under  these  conditions,  the  ion-concentration  of  M  being  indicated 
by  [M]: 

[Mf^  [CO,-]  =  Kc  (I) 

[HCOa-]  =  rlaCOa]  [CO3-]  (VI) 

[0H-]  =  Kl^ico^-ykM'R^cOz]  (xo 

These  combined  with  the  condition 

m[M]  =  [HCOa-]  +  2[COs-]  +  [OH-] 
yield  the  expression 

-tfMl  -  ^/^^^|H«CO,]  Kc  I  KcK*w  fxim 

'"W-V-JJjiTSr-    +2[M]*/"+>/jfe,fe,[H.C0,][Mr/-'    ^™^ 
as  the  equation  of   the  curve  representing  the  change  of  solubility  of 
the  carbonate  with  the  concentration  [HjCOj],  hence  with  P.    Whence, 
by  diflFerentiating  and  substituting,  we  get 

d[M]      ^         m[M]{[HC03-]-[0H-]} 
diHsCO,]        2[H2C0,]{m«  +  m[M]  +  2[C0,-]} 
which  vanishes  when    [HCOj-]  =    [OH-];    at  this  point    [H«CO,]  = 
Kw/ku  wherefore,  cPo  =  Kw/ftki. 

The  order  of  magnitude  of  Po  is,  therefore,  independent  of  what  M  is, 
though  its  value  is  not  absolutely  the  same  for  thd  several  carbonates 
because  the  appropriate  value  of  c  (absorption  coeflSdent  of  COj)  varies 
slightly  from  one  saturated  solution  to  another.  At  i8®,  P©  is  (for  cal- 
dte)  4.0  X  10"^,  a  pressiu-e  which  therefore  is  easily  realizable,  since 
it  is  only  about  the  one-hundredth  part  of  the  proportion  normally  present 
in  the  atmosphere. 

The  Value  of  Pi  and  P2. — ^These  are  obtained  directly  by  combina- 
tion of  the  appropriate  solubiUty-product  constants  of  carbonate  (ii^c)* 
^  See  Lac.  £^.,  p.  201 1 ;  Equation  X'  follows  directly  from  combinatiosi  of  X  and  V. 
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hydroxide  (Kb)  and  bicarbonate  (Kb)  with  equations  already  given; 
the  values  follow: 


Pi 
Pt 


Kc       K\f 


Kb     cttkikt 
Kb       ki 
Kc     cnki 

Equation  XIII  represents  the  solubility  curve  only  between  Pi  and 
Pfl  similar  equations  are  easily  set  up  for  the  other  two  branches  of  the 
complete  curve,  i.  e,,  for  the  solubiUty  of  hydroxide  and  bicarbonate, 
respectively.  Obviously,  too,  in  case  Pi  is  greater  than  P©  there  will 
be  no  minimum  on  the  solubility  ctuve  of  the  carbonate;  this  is  so  in  the 
S3rstem  MgO-COy-HaO,^  in  which  case  Pi  is  about  0.00037. 

The  Data  for  Calcium  Carbonate. — In  order  to  bring  out  certain 
points  we  have  calculated^  the  solubility  of  CaCOs  for  a  series  of  partial 
pressiures  extending  from  ordinary  conditions  downwards;  and  present 
the  results  in  Table  I,  which  supplements  Table  IV  of  the  previous  paper. 

From  the  table  it  follows  that  at  16*^  P©,  the  value  of  P  at  which  there 
is  the  minimum  concentration  of  calcium  in  solution,  is  3.73  X  10"* 
atm.,  corresponding  to  a  solubihty  of  about  i6  mg.  CaCOa  per  liter; 
on  either  side  the  solubility  increases  owing  to  the  formation  in  solu- 
tion of  hydroxide  on  the  one  hand  and  of  bicarbonate  on  the  other.  It 
is  to  be  observed,  moreover,  that  even  at  this  minimum  (which  is  the 
maximum  concentration  of  COj")  only  about  46%  of  the  Ca*^"^  present 
is  associated  with  carbonate,  the  remaining  54%  being  equally  divided 
between  hydroxide  and  bicarbonate;  and  that,  except  at  pressures  dose 
to  Po,  the  proportion  of  Ca"*"*"  associated  with  COj"  is  very  small.    This 

^  See  Loc.  cU,,  p.  2015.  In  Table  VIII  (p.  2016)  the  values  of  [COi**]  in  the  fourth 
column  are,  through  a  printer's  error,  one-tenth  of  what  they  ought  to  be. 

'  For  the  method  and  the  values  of  the  constants  used,  see  Loc,  cU.,  p.  201 1.  Since 
the  publication  of  the  previous  paper,  we  have  seen  in  manuscript  a  paper  by  Seyler 
and  Lloyd  (which  is  in  course  of  publication  in  the  /.  Chem,  Soc,  London)  in  which 
they  show  that  NasCOt  is  in  all  probability  ionized  to  a  much  smaller  extent  than  has 
gcneraUy  been  assumed;  and  that  on  thUs  basis  recalculation  of  McCoy's  results,  at 
weU  as  of  a  series  of  experiments  of  their  own,  yields  a  value  for  nki/k%  of  about  7100 
at  25^.  The  adoption  of  this  value  would  lower  the  solubility-product  constant  Kc 
in  the  ratio  of  56  to  71,  and  produce  a  corresponding  change  in  the  other  calculated 
values;  but  for  the  present  we  have  preferred  to  retain  the  previous  value,  for  the 
following  reasons:  (a)  Auerbach  and  Pick,  in  calculating  kt  from  their  work,  assumed 
a  degree  of  ionization  of  Na«CO«  comparable  to  that  indicated  by  the  work  of  Seyler 
and  Lloyd,  and  obtained  the  value  6  X  10"^^  at  x8^;  whence  nki/ht  is  5100  at  18  % 
a  temperature  dose  to  that  we  are  considering  (16°);  (b)  some  of  the  other  data  are 
likewise  uncertain;  (c)  in  view  of  which,  we  preferred  to  keep  the  data  consistent  with 
those  of  the  previous  paper.  In  any  case  such  changes  will  not  alter  the  shape  of  the 
curve,  but  merely  affect  the  absolute  values,  and  to  an  extent  which  is  hardly  significant 
in  the  present  state  of  accuracy  of  the  experimental  work  which  we  are  considering. 
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TABts  I. — Tbs  Cau:ulatbd  Ion-Conosntrations  and  Solubiuty  of  Calchb  m 
Wat9r  at  i6°  in  Contact  with  Ant  Containino  thb  Paxtiai* 
Prbssurb  P  of  COs. 


CaCOipcr 

p.> 

[HCO1-]  X  10*. 

[OH-]  X  10*. 

[CO.-]  X  10*. 

lCa"*^l  X  10* 

aiHUott.! 

2  .  15  X  lO""* 

10. 0 

0.0174 

0.188 

5.197 

56 

7.63XIO-* 

7.0 

0.034 

0.260 

3.777 

40 

7.62X10-* 

3.0 

0.147 

0.478 

a. 051 

22 

6.07  X  10-' 

I.O 

0.614 

0.666 

1.473 

16.0 

3.85Xio-» 

0.80 

0.774 

0.67a 

1.459 

15-9 

3.73Xio-» 

0.787 

0.787 

0.67a 

1.459 

15.9 

2.19  X  lo""^ 

0.60 

1.02 

0.665 

1.476 

16.0 

6. 14  X  io-» 

0.30 

1.82 

0.593 

1-654 

18 

9.78  X  io-« 

O.IO 

3.82 

0.414 

2.377 

26 

2.80  X  10-" 

O.OI 

13.3 

0.144 

6.81 

74 

3.16  X10-" 

0.0000235 

277.0 

0.0071 

138.5 

aooo 

table  enables  us  to  define  the  equilibrium  when  CaCOs  is  shaken  up 
in  a  closed  vessel  completely  filled  with  pure  water;  for  in  such  a  case 
[OH"]  and  [HCOj"]  must  be  very  nearly  equal,  the  small  difference  be- 
tween them  being  merely  the  amount  of  CO2  required  to  bring  the  solu- 
tion into  equilibriiun  with  a  virtual  pressure  somewhat  less  than  3.73  X 
10"^.  Under  such  conditions,  therefore,  the  solubility  of  CaCOi  would 
be  about  16  parts  per  million  at  16^;  nor  would,  as  a  consideration  of 
the  matter  shows,  the  result  be  appreciably  diiBFerent  though  99%  of 
the  volume  of  the  vessel  were  occupied  by  pure  air.  Now  Kendall* 
in  certain  of  his  experiments  used  a  method  which  approximately  satisfies 
the  above  conditions,  and  found  a  solubility  of  14  parts  per  million  at 
25^;  in  this  connection  we  may  remark  that  Kendall's  results  would  have 
been  very  much  higher  if  his  air  and  water  had  been  completely  free 
from  COj. 

The  transition  pressure  Pa  between  calcium  carbonate  and  bicarbonate 
has  been  determined  by  McCoy  and  Smith*  to  be  about  15  atm.  at  25®, 
bicarbonate  being  the  stable  solid  phase  above  this  pressure;  the  value 
of  Pi  at  16^  is  not  known,  but  is  certainly  of  the  same  order  of  magnitude. 

The  transition  pressure  Pi  at  which  both  hydroxide  and  carbonate 

*  From  the  equations  it  follows  that  P  -  ~ -^^ =^ 

4.85  X  !©• 
where  b  ->   [HCOi"]  X  10^;  when  b  and  P  are  fixed,  the  other  quantities  are  readily 
calculated. 

*  Calculated  on  the  basis  that  the  degree  of  ionization  is  about  0.92  througboiit, 
except  for  the  (approximate)  value  in  the  lowest  row. 

*  J.  Kendall,  Phil,  Mag.,  33,  958  (1912). 

'  McCoy  and  Smith,  This  Jojjksaju,  33,  468  (191 1).  This  important  paper  was 
inadvertently  overlooked  during  the  prepfuation  of  the  previous  paper.  We  are 
obliged  to  Dr.  McCoy  for  directing  our  attention  to  it.  They  calculate  Kc  to  be 
0.93  X  io~'  at  25  ^,  a  value  which  agrees  very  well  with  that  given  in  Table  II  p9ttm* 
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are  stable,  can  be  calculated  if  we  know  the  solubility-product  constant 
{Kb)  of  Ca(OH}s.  As  far  as  one  can  judge  from  tl^  somewhat  dis- 
cordant data  available,  the  solubility  of  Ca(OH)i  at  i6^  is  about  0.021 
mols  per  liter;  whence,  on  the  basis  that  its  degree  of  ionization  in  the 
saturated  solution  is  about  70%, 

Kb  =  [Ca++][OH-]«  =  (o.oi5)(o.o3)  =  1.3  X  io-»at  16^ 
and 

p,  =  ''^  ^  '^"'  X  3.4  X  10-"  =  2.6  X  10-". 
1.3  X  io-» 

Consequently  Ca(OH)i  can  be  the  stable  solid  phase  only  when  the 
partial  pressure  of  COs  is  extremely  small,  so  small  that  such  freedom 
from.  CO2  could  be  realized  only  by  means  of  extraordinary  precautions; 
this  fact  may  be  correlated  with  the  lack  of  satisfactory  concordance 
of  the  data  on  the  solubility  of  Ca(0H)8. 

Pu  however,  can  also  be  calculated  in  a  totally  different  way,  from 
independent  data.  Pi  is  the  pressure  of  CQs  in  equilibrium  with  solid 
hydroxide  and  solid  carbonate  in  the  solution  saturated  with  respect 
to  both  at  the  particular  temperature  7,  and,  is  therefore,  a  measure  of 
the  free  energy  change  C  accompanying  the  reaction  III  below;  but  the 
latter  quantity  is  the  difference^  between  the  corresponding  quantities 
A  and  B  for  the  reactions  I  and  II : 

CaC0,(5)  =  CaO(5)  +  COi(g)  :  AFr  =  A  (I) 

Ca(OH)2(5)  -  CaO(5)  +  H|O(0  t  AFr  =  B  (II) 

CaCOaC^)  +  H^Oa)  -  Ca(0H),(5)  +  CCkig)  :AFt^C^A  —  B   (III) 

Now  it  was  shown  in  a  previous  paper'  that  the  dissociation  pressure 
p  (expressed  in  rom.  Hg)  is  reproduced  over  the  experimental  range' 
(T  =  850  —  1 150)  by  the  formula 

log  p  =B  — 9340/r  +  I.I  log  r  —  0.0012  T  +  8.882 

whence  by  extrapolation  down  to  289*  abs.  (t.  e.,  16**) 

log  Pn%  =  — 23.97  (when  P  is  the  pressure  in  atm.) 
and 

A  =  AF289  =  —RT]nPit9  =  289  X  4-576  X  23.97  =*  31700- 

In  an  earlier  paper^  it  was  shown  that  the  free  energy  change  of  the  re- 

^  We  neglect  here  the  small  quantity  corresponding  to  the  difference  between  the 
vapor  pressure  of  pure  water  and  that  of  the  water  in  the  solution  saturated  with 
hydroxide  and  carbonate. 

>  J.  Johnston,  Tms  Jovbnjll,  32,  938  (1910). 

*  Quite  recently  it  was  shown  by  Sosman,  Hostetter  and  Merwin  (/.  Wash.  Acad,, 
S»  563  (1915))  that  the  pressure  of  COi  in  equilibrium  with  CaCOi  at  400^  is  of  the 
same  order  of  magnitude  (0.002  mm.)  as  is  indicated  by  the  formula  above. 

*  J.  Johnston,  Tms  Journal,  30, 1359  (1908). 
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action  Ila  is  AF  «  25870  —  31.677,  hence  AFut  =  16710;  while  that 
of  reaction  life  at  289**  is  »  — RT  In  0.0178*  =  —  2310. 

Ca(OH)2(5)  -  CaO(5)  +  H,0(g)  :  AFm»  -  16710        (Ila) 
HjOCg)  =  HaOCO  :  AF2B9  =  2310  (Ht) 

Ca(OH)2(5)  =  CaO(j)  +  HjOCO  :  AFm»  =  14400.  (H) 

Thus  we  calculate  that  C,  the  free  energy  change  of  reaction  III,  is 
31700  —  14400  =  17300  and  hence 

logP,^-    /73^    ,"-13.08 

289  X  4.576 

80  that  Pi  «  8.3  X  10-". 

The  agreement  between  this  value  and  that  derived  directly  from 
the  solubility  data  is  remarkable,  especially  in  view  of  the  uncertainty 
attaching  to  some  of  the  factors  involved  in  the  calculation;  the  large 
extrapolation,  for  example,  will  be  accurate  only  when  the  specific  heats 
of  the  several  solid  substances  shaU  have  been  determined  throughout 
the  temperature  range.  From  this  value  of  Pi  we  may  calculate  back- 
wards and  find  Kh  =  ^^  ^  ^'^^^  ^  ^^""  =  4  X  lo"*,  as  compared 

8.3  X  lo-i* 

with  13  X  lo"*  derived  directiy;  tiiis  latter  value,  it  may  be  observed, 
is  in  all  probability  too  high,  since  in  its  derivation  it  was  tacitly  as- 
sumed that  no  intermediate  ions  are  formed,  that  the  ionization  proceeds 
solely  according  to  the  scheme *Ca(OH)i — ►  Ca++  +  2(0H-),  This 
substantial  agreement  between  such  different  lines  of  evidence  is  im- 
portant as  a  demonstration  of  the  essential  correctness  of  the  views  here 
discussed;  it  serves,  moreover,  either  to  increase  confidence  in  the  ex- 
perimental data  or  else  as  a  clue,  by  means  of  which  errors  may  be  more 
readily  discovered. 

Table  II.— Th«  SoLUBnjTY-PRODUcr  Constant  of  Calcite  at  Ssvhkal 

Tbmperatdrbs. 

Parts  C«C0k 
Temperatim         per  million.  „    w  ia* 

I.  (P- 0.00032.)  fc  JC'cXlO*. 

O  81  0.0765  X.22 

5  75  0637  I. 14 

10  70  0535  1.06 

15  65  0455  0.99 

20  60  0392  0.93 

25  56  0338  0.87 

30  52  0297  0.81 

As  regards  the  change  of  solubility  of  caldte  with  temperature,  WeOs" 
has  made  a  series  of  determinations  at  temperatures  between  o^  and 
30^  the  solution  being  in  contact  with  air  containing  3.2  parts  CO^  per 

'  The  vapor  pressure,  expressed  in  atm.,  of  water  at  x6*. 

»  R.  C.  WeUs.  J.  Wash.  Acad.  Sci.,  5,  617  (1915). 
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10,000;  the  results  as  interpolated  from  his  curve  are  given  in  Table 
II,  along  \9ith  the  appropriate  values  of  r(=  a/22.4,  where  a  is  the  ab- 
sorption coefficient)  and  of  the  solubility-product  calculated  on  the  basis 
that  nki/kt  is  5600. 

K'c  is  given  by  the  expression  log  K'c  =  8.087  —  0.006  t;  whence  one 
can,  using  5600  as  the  value  of  nki/kt,  calculate  the  solubility  of  calcite 
for  any  partial  pressure  of  CC)2  at  any  temperature  up  to  30®. 

Summary. 

The  graph  showing  the  concentration  of  calcium  in  the  solution  at 
equilibrium  in  the  system  CaO-HjO-COj  is  made  up  of  three  curves, 
along  which  the  stable  solid  phase  is  hydroxide,  carbonate,  bicarbonate, 
respectively.  The  first  extends  only  up  to  values  of  P,  the  partial  pres- 
sure of  COj,  of  about  10"""  at  16®;  the  second,  starting  from  the  transition 
point,  decreases  to  a  minimum  and  then  rises  again,  as  the  value  of  P 
increases  continuously,  until  P  is  about  15  atm.;  beyond  the  second 
transition  point  bicarbonate  is  the  stable  solid  phase.  Along  the  whole 
course  of  the  graph,  all  three  ions  OH~,  COs",  HCOa"  are  present  at 
relative  concentrations  depending  upon  P;  so  in  this,  as  in  other  analogous 
cases,  the  solubility  curve  ascertained  by  experiment  would  have  different 
forms  according  as  one  determined  one  or  other  of  the  several  molecular 
species  in  solution.  Thus  the  maximum  concentration  of  COs"  occurs 
when  the  solubility — as  measured  by  the  concentration  of  calcium  in 
solution — ^is  a  minimum;  and  it  is  only  within  a  restricted  range  of  P 
that  the  base  associated  with  COs"  is  more  than  a  fractional  proportion 
of  the  total  base  in  solution. 

The  transition  pressure  at  which  both  hydroxide  and  carbonate  are 
stable,  may  be  calculated  either  from  the  solubilities  of  hydroxide  and 
carbonate  or  from  their  thermal  dissociation  pressures;  these  two  ab- 
solutely independent  methods  yield  results  stuprisingly  concordant,  a 
circumstance  which  demonstrates  the  essential  corregtness  of  the  views 
discussed  in  this  paper. 

WAsnuoTON,  D.  C. 
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The  most  serious  difficulty  of  the  Phase  Rule  for  beginners  lies  in  the 
definition  of  the  word  "component,"  of  which  many  var3dng  definitions 
liave  been  given  by  various  authorities.  Of  these  most  are  entirely  legiti- 
snate,  although  they  may  lead  to  different  choices  as  to  the  number  of 
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components  in  special  cases.  ^  The  difficulty  lies  in  the  fact  that  the 
restrictions  imposed  often  cause  the  number  of  "components"  to  be  differ- 
<ent  from  the  number  of  individual  chemical  substances  taking  part  in 
the  reaction. 

No  attempt  will  be  made  here  to  give  all  the  varying  definitions  or  ex- 
plain the  limitations  which  must  be  imposed  upon  tiiem.  The  object 
of  this  note  is  to  advocate  briefly  a  different  method  of  treatment,  per- 
haps more  generally  acceptable  to  chemists  and  more  easily  compre- 
hensible by  beginners  than  most  of  the  others.  Doubtless  it  has  been 
used  before,  but  it  does  not  seem  to  have  been  clearly  stated  or  com- 
monly recognized.  The  idea  is  this:  instead  of  stating  the  Phase  Rule 
in  a  very  simple  equation  and  placing  all  the  burden  of  incomprehensi- 
bility upon  the  component,  this  method  abandons  the  complex  older 
idea  of  the  component  and  substitutes  another,  that  of  the  chemical 
'individual,*'  or  ''constituent'*  which  is  easily  imderstood  by  the  chemist, 
and  places  all  the  necessary  restrictions  in  definite  form  in  a  somewhat 
more  complex  but  easily  comprehensible  equation  defining  the  Phase 
Rule.* 

According  to  this  plan,  the  definition  of  the  chemical  "individual" 
is  as  follows:  The  individuals  of  any  reacting  system  are  the  separate 
chemical  substances,  undecomposed  in  thr  reactions  concerned,  tMch 
are  necessary  to  construct  the  system.  The  number  of  such  individuals  to 
be  chosen  is  the  smallest  number  necessary  to  construct  the  system, 

^  See  for  example  "The  Phase  Rule"  by  Alex.  Findlay,  p.  12  (London,  1904). 

*  Except  for  the  fact  that  in  most  minds  conversant  with  the  subject  the  tenn 
^'component"  indissolubly  involves  restrictions,  it  would  be  better  to  retain  this  old 
term,  giving  it  the  new  and  simpler  meaning.  Professor  Lash  Miller  convinoed  me  that 
on  this  account  the  change  of  meaning  is  undesirable.  The  word  "individual/'  however 
(suggested  in  conversation  by  Professor  A.  B.  Lamb)  seems  to  answer  the  requirement. 
The  word  "constituent"  would  be  almost  as  good,  but  not  quite  so  definite  and  dis- 
tinctive. This,  then,  might  be  used;  indeed  it  has  already  been  used  in  a  sense  not 
very  different  from  the  present  by  Trevor  (/.  Phys,  Chem,,  i,  22  (1896));  but  his  use 
of  the  word  was  somewhat  freer  than  that  needed  here,  as  was  also  Bancroft's  ("The 
Phase  Rule,"  p.  227  (1897)).  The  qualification  given  above  "undecomposed  in  the 
reactions  concerned"  is  a  very  important  one  for  the  present  purpose,  although  it  does 
not  appear  in  the  earlier  definitions;  according  to  Bancroft's  application,  nr  would 
sometimes  be  a  minus  quantity  (p.  230,  "The  Phase  Rule" — a  suggestive  book  which  did 
tnuch  to  promote  study  of  the  subject).  The  interesting  very  recent  treatment  of  Wash- 
bum  ("Principles  of  Physical  Chemistry,  N.  Y.,  1915")  is  yet  different,  involving  another 
idea  called  the  "composition-number,"  although  of  course  the  fundamental  idea  is  the 
same,  as  indeed  it  must  be  in  any  sound  treatment  of  the  Phase  Rule.  This  present 
method  of  statement  adopted  above  makes  no  attempt  to  define  the  kinetic  mechanism 
needful  for  achieving  the  result.  It  records  simply  the  facts,  and  may  be  made  sub- 
ject to  any  interpretation  applicable  according  to  any  other  formulation  which  likewise 
expresses  the  facts.  Reference  may  be  made  to  the  interesting  papers  of  Wegsdeider 
(Z.  phys.  Chem,,  43,  89  (1903);  45,  496  (1903);  50,  357  (1904);  S^i  171  (1905)). 
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If  we  define  the  individuals  in  this  simple  and  reasonable  way,  the 
Phase  Rule  may  be  expressed  as  follows,  without  any  need  of  reference 
to  the  number  of  ''components"  as  usually  defined: 

F  -  (n<  +  We)  —  (n^  +  nr)  (i) 

in  which  F  »  the  actual  variance,  or  the  number  of  degrees  of  freedom 
in  the  special  case;  n,-  the  number  of  individuals  as  defined  above;  n^ 
the  number  of  physical  manifestations  of  energy  (mechanical,  thermal, 
electrical,  etc.)  which  are  brought  into  play  in  the  reaction;  n^  the  number 
of  phases;  and  n,  the  number  of  independent  restrictions  or  fixed  con- 
ditions which  are  determined  by  the  circumstances  of  the  case,  but  not 
included  in  the  definition  of  the  individuals.  Each  quantity  is,  of  course, 
a  small  whole  number.  This  method  of  statement  separates  sharply  the 
characteristics  (n<  and  n^)  tending  to  increase  the  variance,  from  those 
(n^  and  n^)  tending  to  diminish  the  variance,  and  seems  to  me  to  place 
the  whole  subject  in  a  clearer  light. 

Ordinarily  where  only  mechanical  and  thermal  energy  come  into  play, 
ns  =  2.    Then  the  equation  for  the  Phase  Rule  becomes 

F  =  (n,  +  2)  -  (n^  +  nr).  (2) 

This  is,  of  course,  the  ordinary  statement  of  the  Phase  Rule,  with  the 
'  addition  of  n^,  the  number  of  restrictions,  as  a  last  term.    Equation  2  tkus 
given  is  used  in  the  subsequent  ^emplification. 

Because  all  the  subtlety  of  the  Phase  Rule  is  concentrated  in  the  last 
new  term,  «y,  one  must  be  especially  careful  in  studying  each  case  to 
be  sure  that  the  value  of  this  term  is  properly  estimated — ^in  other  words, 
to  be  sure  that  one  has  counted  correctly  all  the  independent  restric- 
tions.   Moreover,  each  restriction  (especially  those  concerning  concen- 
tration, which  apply  to  a  variable  phase)  must  be  carefully  examined  in 
order  to  show  that  it  is  really  not  involved  in  another  previously  de- 
termined upon  or  in  the  definition  of  the  individuals.    This  procedure, 
of  course,  involves  thought,  but  I  know  of  no  method  by  which  the  Phase 
Rule  can  be  applied  properly  to  any  but  the  simplest  cases  without  thought, 
according  to  any  definition.    One  must  remember,  of  course,  that  no 
restriction  can  be  applied  to  the  quantity  of  any  phase;  a  drop  of  a  solution 
in  true  equilibrium  is  as  effective  as  a  bucketful  for  the  purposes  of  the 
Phase  Rule.    Thus  in  the  case  of  calcium  carbonate  discussed  below, 
a  limitation  of  the  quantity  of  the  carbon  dioxide  to  that  of  the  lime 
is  not  a  real  restriction.    Adding  more  lime  has  no  effect  on  the  equi- 
librium. ^ 

In  most  cases  no  great  difi&culty  arises  in  the  interpretation  of  the  new 
term  n^.  So  far  as  I  can  discover  it  may  include  only  two  different  classes 
of  restrictions;  on  the  one  hand,  the  intensity-factor  of  some  form  of 
energy  may  be  restricted,  or  kept  constant;  on  the  other  hand,  one  in- 
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dividual  may  (either  from  chemical  necessity  or  arbitrary  choice)  be 
kept  in  definite  weight-ratio  to  some  other  individual,  or  at  definite  con- 
centration in  a  variable  phase.  ^  This  duality  of  type  might  be  indicated 
if  desired  by  substituting  for  fi^  its  equivalent  fV'  +  ^'t  in  which  the  two 
modified  subscripts  represent  the  two  different  t3rpes.  A  new  restrictioa 
belonging  to  either  of  these  types  adds  one  to  their  sum  f^.  For  example, 
if  temperature  and  pressure  are  both  fixed,  but  no  other  fixed  require- 
ments exist,  fly/  =  2  and  ttr'  =  o,  therefore,  n^  =  2.  If  neither  tem- 
perature nor  pressure  is  fixed,  but  one  individual  must  always  bear  a 
definite  quantitative  relation  to  another,  n^/  =  o  and  n^*  =  i,  therefore, 
nr  =  I. 

It  will  be  noted  that  the  usual  definition  of  the  number  of  "components" 
makes  this  number  equal  to  (n<  —  «yO- 

Let  us  interpret  individual  cases  in  the  light  of  the  Phase  Rule  equa- 
tion given  in  terms  of  chemical  individuals.  For  example,  let  us  take 
the  familiar  case  of  the  decomposition  by  heat  of  calcium  carbonate.  There 
we  have  the  individuals  CaO  +  COj,  that  is  tt,-  =  2.  When  the  two 
solids  and  gas  are  present  in  equiUbrium  n^  =  3,  of  course.  If  no  re- 
striction is  placed  on  the  concentration  of  the  variable  gas  phase  (or  on 
th^  pressiu-e  or  temperature  of  the  gas)  n^  =  o.  Therefore,  F  =  i,  that 
is,  the  system  is  univariant.*  If  either  temperatiu^  or  pressure  is  fixed, 
ttr  =  I  and  F  =  o. 

Another  familiar  case  is  the  case  of  steam,  oxygen  and  hydrogen  in 
equilibriiun  at  a  high  temperature,  the  hydrogen  and  oxygen  being  in 
equivalent  proportions  resulting  from  the  decomposition  of  water.  The 
usual  definition  of  component  would  give  only  one  component  to  this 
system,  but  many  chemists  may  be  better  satisfied  by  taking,  according 
to  the  definition  given  above,  hydrogen  and  oxygen  as  the  ''individuals'* 
concerned  making  n,-  =  2.  As  there  is  only  one  phase,  n^  «  i ;  and  here 
tfy  =  I,  because  a  restriction  is  placed  on  the  ratio  of  concentrations 
of  the  oxygen  and  hydrogen  in  the  single  phase,  which  is  a  variable  one. 
Therefore,  F  =  2,  and  the  system  is  bivariant. 

It  may  be  noted  that  the  essential  question  of  this  kind  of  restriction 
is  concerned  with  the  variable  phase,  and  involves  the  relative  concen- 
tration of  the  individuals  in  this  phase.  The  variable  phase  always 
holds  the  key  to  the  situation. 

Taking  a  more  complicated  case,  we  see  that  the  definition  applies  equally 

1  The  requirement  that  a  given  volume  of  gas  shall  contain  a  given  weight  is  a 
valid  restriction  in  this  sense. 

*  Let  me  urge  once  more  the  use  of  the  purely  Latin  terms  umvariant,  bivariant. 
etc.,  as  indicating  the  degrees  of  freedom  instead  oi  the  hybrid  Greek-Latin  terms 
monovariant,  etc.  This  consistent  terminology  was  suggested  in  1698,  Atn.  J.  ScL^  I4] 
6,  201  (1898}).  It  has  been  supported  also  by  Trevor,  but  has  not  alwajrs  been 
adopted. 
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well,  for  example,  to  a  mixture  of  a  dilute  solution  of  sodium  bromide 
and  potassium  chloride  in  equilibrium  witb  its  vapor.  If  the  solution 
remains  dilute  and  no  new  phase  appears,  this  may  be  looked  upon  from 
two  equally  legitimate  points  of  view.  In  the  first  place,  we  may  take 
as  the  individuals  of  the  system:  sodium  bromide,  potassium  chloride 
and  water,  that  is,  n^  =  3,  «^  =  2,  n^  =  o,  therefore  P  =  3.  On  the 
other  hand,  we  may  look  upon  the  individuals  as  the  four  ions  Na',  Br', 
K',  CI'  (or  the  fotu"  corresponding  elements)  and  water — ^five  in  number — 
bearing  in  mind  later  the  two  independent  restrictions:  concentration 
Na  =  concentration  Br;  and  concentration  K  =  concentration  CI.  Ac- 
cording to  this  better  interpretation,  we  should  have  «,•  =  5,  tt^  =  2, 
n,  —  2t  therefore,  F  =  3  as  before. 

As  regards  the  former  of  these  interpretations,  trouble  begins,  in  a 
case  of  this  kind,  when  the  solution  is  so  far  evaporated  that  a  meta- 
thetical  product  separates  out;  or  when  a  new  salt  containing  the  same 
elements  {e.  g.,  sodium  chloride)  is  added.  In  that  case,  although  the 
elements  and  ions  present  remain  the  same,  a  new  individual,  in  the  sense 
used  in  this  interpretation,  has  really  been  added,  and  the  old,  usually 
accepted  explanation  is  somewhat  puzzling,  although  it  is  legitimate.^ 

On  the  other  hand,  the  latter  interpretation  involving  five  individuals, 
which  is  now  demanded  by  the  strict  phraseology  of  the  definition  of  the 
term,  offers  no  difficulty  whatever.  Thus  if  with  this  system  sodium 
chloride  separates  (both  the  other  salts  being  decomposed  in  the  process, 
but  the  five  individuals  remaining  imchanged),  the  two  restrictions  named 
above  have  merged  into  one.*  Cone.  (K  +  Na)  =  cone.  (CI  +  Br);  and 
the  new  freedom  is  exactly  offset  by  the  new  phase:  i.  e.,  n<  =  5,  n^  =  3, 
Hy  =  I,  therefore.  F  =  3.  Similar  reasoning  is  involved  if  a  little  sodium 
-chloride  is  dissolved  in  the  dilute  solution  of  KCl  and  NaBr  without 
causing  the  appearance  of  a  new  phase;  but  here,  of  course,  the  result  is 

F-4. 

These  considerations  and  others  lead  me  to  the  conclusion  that  the  use 
of  the  conception.of  chemical  * 'individuals"  as  defined  above  gives  greater 
flexibility  and  clearness  than  the  usual  way  of  first  calculating  com- 
ponents and  then  considering  those  in  the  Phase  Rule  equation. 

The  mathematical  verification  of  Equations  i  and  2  follows  directly, 
it  seems  to  me,  from  that  of  the  old  familiar  Phase  Rule  equation;  they 
are  really  only  different  methods  of  stating  the  same  idea. 

Perhaps  it  may  be  worth  while  to  give  here  a  brief  statement  of  an  in- 
ductive method  of  presenting  the  Phase  Rule,  which  I  have  foimd  very 
efGicadous  for  beginners.     Doubtless  others  have  used  this  method,  but 

1  Sec  for  example  Bancroft,  "The  Phase  Rule,"  p.  230  (1897). 
'  It  is  true  that  this  restriction  existed  in  the  system  before  the  NaCl  was  added;' 
but  it  was  not  independent  of  the  other  two  previously  present 
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I  do  not  know  of  its  having  been  published,  and  it  was  independently 
evolved  here.^  After  the  student  has  become  familiar  in  the  laboratory 
with  such  well-known  phenomena  as  the  dependence  of  boiling  point  and 
freezing  point  on  pressure  and  their  definiteness  under  constant  pres- 
sure, with  one  individual;  and  after  he  has  ftulher  made  himself  prac- 
tically acquainted  with  the  boiling  points  and  freezing  points  of  definite 
solutions,  and  with  cryohydric  and  transition  points  and  kindred  phenom- 
ena, his  knowledge  may  be  suiomed  up  in  the  following  table: 

With  one  individual,  a  fixed  pomt  (where  P  ■"  o)  is  detennmed  by: 

Total  fixed 


The  coexistence  of  3  phases 3 

The  coexistence  of  2  phases  and  definite  pressure 3 

The  coexistence  of  2  phases  and  definite  temperature 3 

The  coexistence  of  i  phase  and  definite  pressure  and  temperature 3 

With  two  Lndr^duals  (e.  g.,  H«0  and  NatSOO*  a  fixed  point  is  determined  by: 

The  coexistence  of  4  phases 4 

The  coexistence  of  3  phases  and  definite  pressure 4 

The  coexistence  of  3  phases  and  definite  temperattu^ 4 

The  coexistence  of  2  phases  and  definite  pressure  and  temperature i . .  4 

The  coexistence  of  2  phases  and  definite  temperature  and  defined  concentra- 
tion    4 

The  same  method  may  be  extended  to  more  complicated  systems  and 
enforced  with  diagrams,  which  make  dear  the  fixity  of  these  several 
points.  The  student  thus  sees  that  three  fixed  conditions  are  necessary 
for  invariance  with  one  individual,  four  fixed  conditions  with  twoindividuals, 
five  fixed  conditions  with  three  individuals,  and  so  on.  He  sees  further 
that  the  restricting  of  any  of  the  variable  conditions  produces  exactly 
the  same  e£Pect  as  the  addition  of  another  phase.  Thus  he  peroeives 
that  it  is  legitimate  to  add  n^  to  n^  in  the  expression  for  the  Phase  Rule. 
Of  course,  the  number  of  degrees  of  freedom  are  simply  the  nimiber  of 
additional  restrictions  which  it  is  necessary  to  add  to  any  given  system 
in  order  to  attain  invariance. 

After  the  student  has  become  thoroughly  familiar  with  examples  in 
which  pressure  and  temperature  are  the  only  energetic  intensity-factors 
to  be  considered,  other  manifestations  of  physical  energy  may  be  brought 
in,  and  the  student  is  shown  the  effect  of  changing  surface  tension  pro- 
duced by  Variation  in  the  size  particles  with  its  consequent  effect  upcm 
solubility,  the  question  of  electromotive  force,  etc..  Using  Equation  i 
above.^ 

^  Essentially  the  same  method  has  been  suggested,  but  not  amplified,  in  the  dear 
explanation  of  the  Phase  Rule  in  "General  Principles  of  Chemistry,"  by  A.  A,  Noyes 
and  Sherill,  p.  95  (19 14). 

*  As  Trevor  has  pointed  out  (/.  Phys,  Chem.,  i,  349  (1897)),  the  ordinary  two- 
fluid  "reversible"  cell  is  not  in  true  equilibrium  because  of  the  osmotic  pressure  and 
diffusion  at  the  junction  of  the  two  liquids.    The  b^;inner  is,  theref oce,  advised  not  to 
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This  outline  is,  of  course,  merely  a  sketch  of  the  method.  It  needs 
amplification  with  the  help  of  many  examples,  which  can  easily  be  pro- 
vided by  anyone  even  moderately  familiar  with  the  principles  evolved. 

Summary. 

To  sum  up  briefly  the  contents  of  this  note:  the  idea  of  the  component 
is  replaced  by  that  of  the  "individual,"  which  is  defined  in  the  simplest 
possible  way  as  an  undecomposed  chemical  substance  necessary  for  con- 
structing the  system  under  consideration,  and  the  number  of  individuals 
needed  to  satisfy  the  Phase  Rule  is  taken  as  the  least  number  of  such 
"individuals"  needed  to  construct  the  system.  Into  the  equation  repre- 
senting the  Phase  Rule  and  expressing  the  number  of  degrees  of  freedom 
of  the  system  is  then  introduced  a  term  giving  the  maximum  number 
of  independent  restrictions  involved  in  the  fixation  either  (a)  of  one  or  more 
of  the  intensity-factors  of  the  forms  of  physical  energy  concerned,  or  (b)  of 
some  concentration-relation  of  the  individuals  in  the  variable  phase. 
A  somewhat  obvious  method  of  evolving  the  Phase  Rule  inductively  for 
beginners  is  sketched. 

This  note  is  intended  rather  as  the  suggestion  of  an  idea  than  as  a  final 
or  complete  statement  of  the  case.  The  nomenclature  is  subject  to  change 
if  better  designations  can  be  found.  The  object  of  the  note  is  to  remove, 
if  possible,  the  most  serious  stumbling-blodc  from  the  path  of  the  be- 
ginner. 

Cambszdos,  Mass. 


[Contribution  from  the  Wolcott  Gibbs  Memorial  Laboratory  of  Harvard 

University.] 

THE  COMPRESSIBILITY  OF  CERTAIN  TYPICAL  HYDROCAR- 
BONS,  ALCOHOLS  AND  KETONES. 

Bt  T.  W.  R1CHAXD8  AMD  J.  W   Shiplst. 
Reorived  Pcbmary  25,  1916. 

This  research  was  a  continuation  of  work  already  published  in  several 
instalments  during  the  last  twelve  years.  The  object  was  to  ascertain 
a  large  number  of  compressibilities  of  pure  organic  substances  tmder 
similar  conditions.  From  a  physicochemical  point  of  view  this  is  a  de- 
sirable object,  because  compressibility  has  close  relations  to  other  proper- 
ties and  is  directly  concerned  with  the  nature  of  the  several  substances.^ 

attempt  the  application  of  the  Phase  Rule  to  such  cases,  which  are  full  of  pitfalls. 
A  much  simpler  case  is  a  dilute  amalgam  cell  with  two  concentrations  of  amalgam  as 
the  two  electrodes.  Here  the  concentration  of  the  electrolyte  is  without  influence 
and  does  not  form  another  restriction  (Richards  and  Lewis,  Z,  physik,  Chem.,  a8,  7 

(1899)). 

*  Richards  and  Sttdl,  Pub.  Carnegie  Inst.,  7  (1903);  Z.  physik,  Chem.,  49,  x  (1904); 
Richards,  Tms  Journai^,  26,  399  (1904);  Richards,  Stull,  Brink  and  Bonnet,  Pub. 
Carnegie  InsL,  76  (1907);  Z.  physik.  Chem.,  61,  77  (1907);  Ibid.,  61,  183  (1907);  This 
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The  previous  papers  have  so  fully  described  the  method  that  only  a 
very  abbreviated  description  will  be  given  here,  emphasis  being  laid  merely 
upon  the  respects  in  which  improvements  have  been  introduced.  The 
most  important  improvements  were  in  the  pressm-e  gauge,  the  form  of 
piezometer  and  the  study  of  the  hysteresis  of  glass. 

It  should  be  noted  that  the  present  research  was  completed  before  that 
carried  out  with  the  help  of  E.  P.  Bartlett*  upon  the  compressibilities  of 
several  elements,  and  the  experience  gained  in  the  present  research  was 
very  useful  in  that  one. 

Pressure  Gauge. 

The  absolute  pressure  gauge  resembled  in  principle  those  of  Amagat 

and  Bridgman,  but  was  smaller  and  comparatively  inexpensive,  although 

fully  as  accurate.     It  consisted  simply  of  a  steel  attachment  to  be  screwed 

upon   the   pressure-cylinder   of    the   familiar   Cailletet   apparatus — ^the 

attachment  being  bored  with  a  very 
even  hole,  into  which  ran  a  closely  fit- 
ting cylindrical  piston  or  pltmger.  The 
shaping  of  this  attachment  and  the 
manner  of  screwing  it  in  place  uposk 
the  pressure  cylinder  are  shown  in  the 
diagram  (Pig.  i)  which  will  be  at  once 
comprehensible  to  anyone  familiar  with 
the  Cailletet  apparatus.  The  project- 
ing conical  upper  end  of  the  plunger 
was  fitted  loosely  into  a  conical  bear- 
ing, and  this  supported  a  horizontal 
steel  bar,  from  which  was  suspended  a 
heavy  scale  pan  made  of  oak,  about 
50  X  100  cm.  in  area,  and  capable  of 
bearing  weights  to  the  extent  of  200 
kg.  The  plunger  and  cylindrical  hole 
were  about  0.63  cm.  (V4  inch)  in  diam- 
eter. 

Two  such  attachments  (A  and  B) 

were  made  for  us  with  great  care  by  the 

Taft-Pieroe  Mfg.  Co.  of  Woonso<iet. 

Fig.   I.— Plunger   and   cylinder   of  R-  L,  and  their  indications  were  found 

absolute  pressure  gauge.    Plunger  AP,  to  be  precisely  identical  when  attadied 

cylinder  C.  both  at  once  to  the  same  system. 

JouRNAi.,  31,  154  (1909);  Richards  and  Mathews,  Ibid.,  30,  8  (1908);  Z.  physik.  Chem^ 
6z»  449  (1908);  Richards  and  Jones,  This  Journai,,  31,  158  (1909);  Z.  pho^sik.  Chem,, 
71,  152  (1910);  Richards,  Stull.  Mathews  and  Speyers,  Tms  Journal,  34t  97x  (19"). 
1  Richards  and  Bartlett,  Tras  Journal,  37i  47©  (1915). 
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Bspedal  study  was  made  of  the  heretofore  doubtful  question  as  to  the 
actual  working  diameter  of  the  plunger,  compared  with  its  carefully 
measured  diameter  when  not  in  operation.  The  latter  can  be  determined 
with  great  accuracy  by  means  of  a  screw  micrometer  gauge,  which  gives 
'  very  precise  results;  but  the  diameter  while  in  operation  is  not  so  easily 
estimated,  partly  because  the  space  between  the  pltmger  and  the  cylinder 
must  be  appreciable  if  the  cylinder  is  to  move  easily,  and  partly  because 
of  the  compression  of  the  steel  piston.  The  latter  effect  is  negUgible  at 
500  atmospheres,  however,  not  exceeding  0.06%. 

In  practice,  previous  experimenters  have  usually  accotmted  half  of  the 
width  of  the  intervening  space  between  plunger  and  cylinder  as  belonging 
to  the  plunger  and  half  of  it  as  belonging  to  the  cylinder,  thus  accounting 
the  effective  diameter  of  the  plimger  as  the  mean  between  that  of  the  cyl- 
inder and  the  plunger;  but  no  one  seems  to  have  made. a  careful  quanti- 
tative study  as  to  the  legitimacy  of  this  procedure.  We  at  first  adopted 
the  same  method  and  determined  the  size  of  the  annular  space  by  exactly 
filling  it  with  oil  and  then  withdrawing  and  weighing  the  plunger.  Several 
trials  gave  very  consistent  results,  and  the  method  (which  depended  upon 
the  assumption  that  upon  withdrawal  half  of  the  oil  remained  on  the 
plunger  and  half  on  the  cylinder)  would  doubtless  have  answered  any 
ordinary  purpose.  Nevertheless,  we  were  not  satisfied,  and  proceeded 
to  test  the  behavior  of  plungers  Bi,  B2,  Bs,  of  sUghtly  different  sizes  in 
the  same  cylinder,  comparing  each  with  Ai  in  a  connected  apparatus. 
The  size  of  the  bore  at  P  was  measured  by  means  of  a  very  slightly  taper- 
ing plug  made  for  this  special  purpose,  and  the  plungers  were  measured 
with  great  care  micrometrically.  The  following  table  contains  the  result 
of  these  measurements,  together  with  the  comparison  of  the  calculated 
effective  area  with  that  actually  found  by  the  comparison  of  the  pres- 
sures. It  will  be  seen  that  the  agreement  is  satisfactory — ^the  greatest 
error  being  only  0.02%,  except  with  the  loosest  piston,  which  gave  a  re- 
sult well  within  0.1%. 

Tablb  I. — ^EivocTivB  Plumgbr  Arba  (in  Inches). 


plttiiger. 

Diameter 
of  plttofer. 

Diameter  of 
lower  orifice 
of  cylinder. 

Double 
width  of 

vacant 
annular 

■pace. 

AMumed  ' 

effective 

diameter. 

Difference 
Effective        between 

from  aMumed    effective 
effective         area  and 
diameter.      that  of  At. 

Difference 

found 
in  actual 
effec.  area 
by  direct 
compar. 
withAi. 

A, 

0.25040 

0.25049 

0.00009 

0.25045 

0.31784 

0.00000 

0.0000 

Bi 

0.24997 

0.25000 

0.00003 

0.24999 

0.31670 

0.00114 

0.0012 

B, 

0.24970 

0.25000 

0.00030 

0.24985 

0.31630 

0.00154 

0.0016 

B, 

0.24950 

0.25000 

0.00050 

0.24975 

0.31605 

0.0018 

0.0020 

In  a  second  trial  these  gauges  were  compared  not  only  with  one  an- 
o^er,  but  also,  taldng  great  care  and  expenditure  of  time,  with  Dr.  Bridg- 
xnan's  gauge.    In  this  comparison  the  least  accurate  plunger  (Bs)  was  not 
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included,  but  the  comparison  of  the  other  plungers  was  even  more  satis- 
factory than  the  figures  in  the  table  just  given.  Bi  was  not  taken  as  the 
:standard,  because  it  fitted  very  closely  indeed.  Assuming  its  area  as 
0.31670,  Bridgman's  piston  was  found  to  have  the  actual  area  calculated 
irom  the  weights  which  it  would  support,  of  0.31842,  whereas  we  calcu- 
lated its  area  by  adding  half  the  width  of  its  annular  space  to  its  radius 
as  0.31845.  In  the  same  way  for  Ai  0.31785  was  found  as  against  the 
calculated  0.31784,  and  for  Bs  the  value  0.31627  instead  of  the  calculated 
0.31630.  In  no  case  does  the  deviation  here  amount  to  as  much  as  0.01%; 
the  agreement  is.  so  close  that  it  must  have  been  partly  due  to  accident. 
In  any  case  the  usual  rule  ol  accounting  half  of  the  width  of  the  attnulftr 
space  as  belonging  to  the  piston  is  seen  to  be  a  safe  and  adequate  rule. 
Moreover,  it  is  clear  that  we  had  attained  very  exactly  a  knowledge  d 
the  diameters  of  our  several  pistons,  and  that,  therefore,  our  standard 
of  pressure  was  beyond  reproach. 

The  details  of  the  comparison  of  Bridgman's  gauge  with  ours  need  not 
be  dwelt  upon.  It  is  enough  to  say  that  all  the  pressures  given  in  the 
present  paper  are  determined  by  one  or  other  of  the  pistons  just  described, 
and  that  all  of  these  gave  the  same  standard  of  pressure  within  the  limit 
of  error  of  the  experiment,  agreeing  also  with  Bridgman's.  The  Bourdon 
gauge  was  used  only  as  an  approximate  guide  to  the  pressure  and  never 
as  a  final  index. 

Piezometer. 

The  piezometer  for  liquids  was  designed  with  the  idea  of  securing  the 
greatest  possible  convenience  and  accuracy.  The  principle  is  the  same 
as  that  of  the  forms  suggested  in  previous  papers,  but  it  is  on  the  wbok 
decidedly  more  convenient  than  most  of  those  forms.  It  is  shown  in  the 
diagram  (Fig.  2).  The  platinum  point  (opposite  P)  must,  as  usual,  be 
very  finely  sharpened.  The  most  difficult  part  of  the  apparatus  to  ad- 
just was  the  stopcock  (S),  which  needed  poUshing,  first  with  very  fine 
emery  and  finally  with  rouge  tmtil  it  was  perfectly  smooth.  It  vras 
lubricated  with  a  trace  of  lubricant  made  of  hard  and  soft  parafiSn  and 
melted  rubber,  but  this  was  scarcely  necessary,  and  only  a  trace  wzs 
used.  The  accuracy  of  the  apparatus  depends  greatly  upon  having  the 
stopcock  ground  with  extraordinary  fineness.  The  whole  must  be  very 
•carefully  constructed  of  glass  as  nearly  similar  as  possible,  and  must  be 
annealed  with  the  greatest  care,  because  any  strain  in  the  glass  may  lead 
to  niptiu-e  imder  pressure.  When  constructed  in  this  way  the  apjMiratus 
proved  to  be  exceedingly  satisfactory.  It  was  at  first  fiilled  with  merctny 
between  S  and  P,  and  the  compressibility  of  the  mercury  in  j^ass  ^wis 
determined.  Then  the  liquid  to  be  studied  was  drawn  in  after  the  mer- 
cury, the  latter  being  drawn  up  into  the  upper  barrel  (A).  After  the  ex- 
cess of  mercury  in  A  had  been  removed,  the  compression  of  the  remain- 
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ing  mercury  and  the  weighed  amount  of  liquid  was  de- 
termined quantitatively  in  the  usual  manner  by  adding 
successive  drops  of  mercury  through  the  opening  O  and 
finding  in  each  case  the  pressure  needed  to  cause  exact 
contact  at  the  point  P.  The  calculation  was  precisely 
as  usual.  Besides  eliminating  the  objectionable  stopper, 
which  is  the  chief  disadvantage  in  most  of  the  other 
forms  thus  far  suggested,  this  form  of  piezometer  offered 
the  further  advantage  in  that  the  weight  of  the  sub- 
stance being  compressed  was  determined  immediately 
after  being  drawn  into  the  apparatus. 

The  details  of  filling  were  as  follows:  After  it  had 
been  thoroughly  cleaned,  dried,  filled  with  mercury  con- 
siderably above  the  platinum  point  and  weighed,  the 
point  of  the  stopcock  was  inserted  into  an  auxiliary 
vessel  containing  an  acciu-ately  weighed  quantity  of 
merciuy,  together  with  about  the  desired  quantity  of 
the  liquid  (9  or  10  cc.)  to  be  compressed.  Enough  mer- 
cury was  expelled  from  the  piezometer  into  the  auxiliary 
vessel  below  to  drive  over  all  the  air  enclosed  in  the 
stopcock.  Then  most  of  the  liquid  to  be  studied  (7  to 
8  cc.)  was  drawn  up  into  the  apparatus,  followed  by 
merciuy  sufiicient  to  form  a  seal  10  cm.  long  in  the 
capillary  above  the  stopcock.  The  merciuy  in  the  stop- 
cock itself  was  then  run  back  into  the  auxiliary  vessel 
by  turning  the  stopcock  one-quarter  way  around  until  *  •- 
the  interior  hole  was  opposite  to  the  aperture  (H) 
drilled  for  this  purpose,  and  the  piezometer  with  its 
contents  was  reweighed.  The  residual  lighter  liquid  re- 
maining in  the  auxiliary  vessel  was  removed,  and  the 
weight  of  the  mercury  in  the  auxiliary  vessel  was  de- 
termined after  thorough  drying  with  filter  paper.  The 
gain  of  the  weight  of  the  piezometer  vessel  and  total 
mercury  before  and  after  gave  the  weight  of  substance 
introduced  into  the  piezometer.  In  practice  this  method 
was  found  to  be  very  expeditious  and  exact  and  the 
manipulation  easy  and  neat. 

After  the  last  weighing,  the  mercury  in  the  upper  Fig.  2.— Piezom- 
barrel  A  was  removed  by'  a  fine  pipet  down  to  the  eter  for  liquids, 
platinum  point  P.  It  is  absolutely  essential  that  the  l^platmum  point 
small  mercury  meniscus  thus  left  should  be  perfectly  ^^  attainment  of 
dean.  Otherwise  good  contact  is  not  always  obtained  definite  volume  if 
at  the  platinum  point,  and  the  indications  of  the  in-  opposite  P. 
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strument  are  uncertain.  On  the  other  hand,  when  it  is  perfectly 
clean,  the  pressure  may  be  ascertained  within  o.oi  megabar.  A  brief 
description  of  the  method  of  cleaning  may  be  given  in  order  to  guide 
others  in  this  important  procedm-e.  The  barrel  A  was  filled  with 
water,  and  a  drop  or  two  of  concentrated  nitric  acid  introduced  by 
means  of  a  capillary  pipet  directly  upon  the  surface  of  the  mercury  in  the 
capillary.  By  alternately  slightly  warming  and  cooling  the  piezometer, 
the  acid  was  drawn  up  and  down  the  capillary  past  the  platinum  point. ' 
This  was  continued  with  fresh  quantities  of  acid  tmtil  the  mercury  moved 
up  and  down  without  any  break  in  its  surface  or  tendency  to  ding  to  the 
walls.  The  add  was  then  washed  out  by  means  of  a  very  fine  funnd 
tube,  and  the  walls  of  the  capillary  and  the  platinum  point  scrubbed  with 
a  bit  of  chamois  on  the  end  of  a  wire. 

Subsequently,  of  course,  great  pains  must  be  taken  to  exdude  the  access 
of  foreign  matter  to  this  carefully  deaned  spot.  The  upper  bulb  A  was 
plugged  with  cotton  wool  at  its  top  (O),  but  even  this  does  not  wholly 
prevent  the  creeping  of  oil  along  the  glass  or  wire  when  the  instrument 
has  been  some  time  in  use  after  filling.  After  each  determination  of 
the  pressure  the  plug  was  removed,  and  the  adhering  oil  dissolved  with  a 
little  ether,  care  being  taken  that  none  of  the  latter  approached  the  sur- 
face of  the  merciuy.  Since  it  is  difficult  to  obtain  ether  pure  enough  to 
be  wholly  without  action  upon  merciuy,  the  water  in  bidb  A  must  be 
completdy  renewed  after  eadi  determination  of  pressure. 

If  these  precautions  are  heeded,  very  constant  results  may  be  obtained* 
The  mercury  meniscus  evidently  takes  exactly  the  same  shape  at  eadi 
return  to  any  definite  pressure.  The  meniscus  may  still  change  slightly 
in  shape  at  different  pressures,  but  this  makes  no  difference  whatever 
in  the  result  obtained  by  this  method,  for  any  changes  <rf  this  sort  are 
entirdy  eliminated  in  subtracting  the  values  obtained  with  mercury  alone 
from  those  obtained  with  the  given  liquid  in  the  piezometer. 

The  bulb  B  was  immersed  wholly  under  merciuy  in  the  barrd  of  the 
compression  apparatus,  and  was  fotmd  to  lose  very  quickly  its  heat  of 
compression.  If  the  pressure  is  slowly  appUed,  the  temperature  of  the 
whole  apparatus  never  rises  much  above  the  constant  temperature  of  the 
thermostat — an  important  condition  on  account  of  the  thermal  hysteresis 
of  glass.  The  reading  was  always  taken  15  minutes  from  the  first  appli- 
cation of  pressure.  The  piezometer  being  always  lighter  specifically 
than  mercury,  it  was  necessary  to  push  the  instrument  down  beneath 
this  liquid,  and  the  pressure  thus  applied  in  mounting  the  instrument 
kept  a  platinum  coil  emerging  from  the  top  of  A  in  good  contact  with  a 
similar  small  coil  attached  to  the  movable  top  of  the  cylinder,  so  that  dec- 
trical  connection  was  easily  obtained.    This  arrangement  is  the  simplest 
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and  most  convenient  method  of  arranging  the  instrument  and  making 
contact  thus  far  devised. 

The  capillary  pipet  employed  for  removing,  and  adding  mercury  is 
worth  a  brief  mention.  The  fine  tube  25  cm.  long  was  graduated  in  terms 
of  grams  of  mercury,  and  was  of  such  diameter  that  2.5  cm.  corresponded 
to  one  gram.  This  greatly  facilitated  removing  or  adding  a  definite 
amount  of  mercury  to  the  piezometer.  Before  removing  the  pipet  from 
the  piezometer  the  mercury  in  the  capillary  pipet  was  always  drawn  up 
several  centimeters  from  its  lower  end,  in  order  to  avoid  the  possibiUty 
of  losing  drops  of  mercury  when  transferring.it  to  the  weighing  cup. 

Two  piezometers  of  this  shape  were  used,  designated  IV  and  V.  The 
latter  contained  the  same  stopcock  as  the  former,  which  was  accidentally 
broken  in  the  middle  of  the  research. 

In  connection  with  this  work,  a  careful  series  of  experiments  on  the 
pressure-volume  hysteresis  of  glass  was  conducted.  It  was  found  that 
this  may  be  very  important,  if  the  glass  is  exposed  to  high  pressure  for 
a  long  time.  Glass  slowly  contracts  under  the  continued  pressure,  so 
that  the  piezometer  diminishes  in  volume.  At  first  it  would  seem  as  if 
this  pressure  hysteresis  would  have  a  detrimental  effect,  but  this  is  not 
the  case.  If  the  same  time  is  always  allowed  between  the  first  applica- 
tion of  pressure  and  the  final  reading,  and  if  on  successive  days  the  instru- 
ment is  treated  in  essentially  the  same  way  with  each  successive  liquid, 
as  well  as  with  the  mercury  used  in  standardizing  it  in  the  first  place,  all 
these  hysteresis  effects  are  eliminated,  being  the  same  in  each  case.  Hence 
in  working  with  the  glass  apparatus  at  pressures  above  200  megabars, 
one  must  be  careful  to  comply  with  these  conditions  if  results  of  the  highest 
accuracy  are  desired.  Fortunately,  this  precaution  has  been  observed 
in  all  the  work  of  this  sort  at  Harvard  since  the  beginning  in  1902.  Of 
coiu-se,  the  slight  volume  changes  caused  by  this  continued  action  of 
pressiu'e  have  very  much  less  percentage  effect  upon  organic  liquids  than 
upon  merciuy.  Nevertheless,  it  is  worth  while  so  to  arrange  one's  ex- 
periments as  to  avoid  any  error  even  in  the  present  case. 

The  fidl  details  of  the  work  on  pressure-volume  hysteresis  of  glass  will 
be  given  in  another  place.    They  do  not  concern  the  present  investiga- 
tion, since  the  effect  was  here  eliminated  inthe  way  just  described. 
Preparation  and  Purification  of  Materials. 

Among  aliphatic  compoimds,  two  nonanes,  2,5-dimethyl  heptane  and 
2,4-dimethyl  heptane,  were  studied,  as  well  as  methyl  and  ethyl  alcohol, 
acetone  and  diethyl  ketone.  Eight  homologous  aromatic  substances — 
benzene,  toluene,  ethyl  benzene,  isopropyl  benzene  (cumene),  normal 
propyl  benzene,  tertiary  butyl  benzene,  mesitylene  and  pseudocumene — 
were  subjected  to  quaUtative  compression,  as  well  as  cydohexane  (hexa- 
methylene)  and  two  of  its  derivatives,  cydohexanol  and  cydohexanone. 
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These  substances  were  chosen  partly  to  fill  gaps  in  previous  work,  and 
partly  because  they  represent  a  wide  variety  of  carbon  compounds. 

The  preparation  and  purification  of  the  substances  compressed  took 
much  time.  Although  they  were  secured  in  the  purest  condition  ob- 
tainable yet  in  most  fcases  they  were  many  times  further  fractionated. 
In  most  cases  the  constancy  of  the  boiling  point  and  the  density  were 
taken  as  criteria;  but  in  two  cases  the  constancy  of  the  freezing  point  as 
soUdification  progressed  could  be  used  as  a  yet  safer  assurance  of  the  purity 
of  the  substance;  in  such  cases  the  piuification  was  best  conducted  by 
freezing.  The  full  description  of  the  preparation  and  purification  of  the 
substances  would  require  too  much  space  for  this  publication.  Their 
degree  of  piuity  may  be  inferred  from  their  physical  constants  given  in 
the  table  immediately  following. 

The  aromatic  hydrocarbons  were  all  the  same  preparations  as  those 
used  in  a  recent  paper  by  one  of  us  and  Dr.  Frederick  Barry.  ^  Methyl 
alcohol  was  prepared  in  a  very  pure  state  through  methyl  oxalate,  which 
was  recrystallized  from  water  imtil  free  from  impurity  and  carefully 
saponified,  when  the  alcohol  was  fractionally  distilled,  treated  with  iodine 
and  sodium  hydroxide,  and  again  fractionally  distilled.  Acetone  was 
purified  through  the  acid  sulfite  addition-product,  as  was  also  cyclohexanone, 

Tablb  I.— Physical  Constants  of  Substances  EBiPLOYBD. 

Melting       Densit/ 
Name.  Boiling  point.      Barometer.       point.         20^4*. 


Methyl  alcohol 64.48"  to    64.55**  760 

Ethyl  alcohol 78.4**  753  5 

Acetone 55-8®  to    55-9*  752.3 

Diethyl  ketone loi . 2 "  to  loi . 3**  760 

3, 5-Dimethyl  heptane I35'6**  10135.9"  760 

2,4-Dimethyl  heptane  (A) 132-9*'  to  133  **  760 

2,4- Dimethyl  heptane  (B) 132 . 4  **  to  132 . 9  °  760 

Benzene 79.70**  to    79  ^x"  763  5 

Toluene 110.3®  to  no. 4*  756 

Ethyl  benzene  (A) 136.3**  10136.4"  766.7 

Ethyl  benzene  (B) 136.4**  10136.5°  766.7 

Isopropyl  benzene  (cumene) 152.6°  to  152 . 8 "  759 

Nonnal  propyl  benzene  (A) i57  •  9  **  to  158 . 2  °  765 

Normal  propyl  benzene  (B) i57 •  9**  to  158 . 2 **  765 

Tertiary  butyl  benzene "  168 . 6"  to  168 . 7 "  759  o 

Mesitylene 164.8*  10164.9"  760 

Pseudo  cumene 169.4°  to  169.6"  7648 

Cyclohexane  (liquid) 81.3"  to    81.5"  760  6 

Cyclohexane  (solid) . .  ...         6 

Cyclohexanol  (solid)* ...       23 

Cyclohexanone 155-6"  to  155.7*  768.0 


10  155.7* 
1  Richards  and  Barry,  This  Journai.,  37,  993  (1915)- 


483  ** 


40- 
40° 
87' 


0.7923 

0.7903 

0.7915 

0.8136 

0.7198 

0.7158 

0.7162 

C.879X 

0.8649 

0.8678 

0.8697 

0.8620 

0.8616 

0.8617 

0.867X 

0.8634 

0.8786 

0.7791 
0.8250 
0.9624 
0.9466 


*  Furthermore,  the  density  of  liquid  cyclohexanol  at  40.0  "/4"  was  found  to  be 
0.9327,  and  at  34.i6"/4",  0.9369;  and  its  boiling  point  160.8". 
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This  latter  substance,  as  well  as  cyclohexcmol  and  cyclohexane  were  made 
for  us  by  Dr.  G.  L.  Kelley  by  the  Sabatier-Senderens  method.  The  for- 
mer of  the  last  two  (which  is  very  difficult  to  dry)  was  purified  by  24  re- 
crystallizations,  and  the  latter  by  4  recrystallizations.  The  nonanes^ 
two  in  number,  were  kindly  made  by  Dr.  Latham  Clarke^  for  this  investi- 
gation. All  these  substances  except  cyclohexanol  and  cydohexanone 
were  scrupulously  dried,  usually  by  means  of  finely  powdered  fresh  lime 
or  sodium.  Mercury  and  water  were  carefully  purified  by  the  recognized 
methods  used  in  every  laboratory. 

In  Table  I  the  physical  constants  of  the  several  substances  are  recorded. 
In  three  cases  two  samples  were  available.  In  only  one  of  these  cases^ 
namely,  that  of  ethyl  benzene,  were  the  properties  of  the  two  samples 
different  t,o  an  important  degree.  Here,  Sample  A  (made  by  the  Fittig 
reaction)  was  purer  than  Sample  B  (made  by  the  Friedel-Crafts  reaction) 
for  reasons  explained  in  the  paper  with  Barry.  In  the  case  of  propyl 
benzene  a  similar  difference  of  source  made  no  difference  in  the  resulting 
substance. 

Data  and  Results. 

Eight  determinations  of  the  compressibility  of  water  were  made  from 
time  to  time  in  order  to  test  the  constancy  of  the  method  as  well  as  the 
effect  of  dissolved  air  in  water.  These  need  not  be  given  in  detail  here; 
they  will  be  recorded  in  another  place.  It  is  enough  to  say  that  the  aver- 
age compressibility  of  water  over  500  atmospheres  remained  constant 
within  the  limit  of  error  of  experiment  throughout  the  whole  time.  This 
average  was  43.26  between  100  and  300  megabars,  40.69  over  the  next 
200  megabars  or  an  average  of  41.97  over  the  whole  range.  These  de- 
terminations showed:  first,  that  the  effect  of  dissolved  air  in  water  is 
less  than  the  error  of  the  method;  secondly,  that  the  two  pressure-gauge 
pistons  gave  essentially  the  same  results;  and  thirdly  (since  the  determina- 
tions were  not  made  all  at  once,  but  rather  at  intervals  between  those 
of  the  organic  substances),  that  the  apparatus  was  fimctioning  properly 
throughout  the  time  of  the  research. 

The  results  obtained  with  the  several  carbon  compotmds  are  shown  in 
Table  II.  They  are  tabulated  over  the  same  ranges  of  pressure,  with  the 
exception  of  cyclohexane,  in  which  case  (because  the  substance  solidified 
during  compression)  the  result  for  the  liquid  is  given  only  between  100 
and  200  megabars  and  that  for  the  solid  only  between  400  and  500  mega- 
bars. In  almost  every  case  at  least  two  complete  experiments  were  made 
'With  each  substance;  and  in  every  case  the  work  with  each  substance 
was  continued  until  there  could  be  no  reasonable  doubt  of  the  result. 
The  total  number  of  experiments  made  with  the  fifteen  carbon  com- 
pounds was  thirty-seven. 

»  Latham  Clarke,  This  Journal,  34,  60  (19 12). 
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The  complete  data  occupy  so  much  space  that  there  is  not  room  for  them 
here;  but  they  will  be  published  in  full  in  a  monograph  soon  to  be  pub- 
lished by  the  Carnegie  Institution  of  Washington,  with  complete  details 
describing  the  purification  of  the  substances. 

Table  II. — Summary:  CoHPRBSSiBiLrrY  of  Carbon  Compounds. 

Temperature  20.00  *  (except  with  cydohexanol). 

Unit  of  pressure  »  megabar  »  megadyne  per  sq.  cm.  ^  0.987  atmosphere,  appron- 

mately. 

Diff. 
p.  ranKe       P.  ranee       P.  range       between 
100-500.       100-300.       300-300.         ranges. 

Methyl  alcohol 87.67  95.81  79.53  16.28 

Ethyl  alcohol 81.60  88.69  74.51  14.18 

Acetone 90.09  98.72  81.46  17.26 

Diethyl  ketone 76.98  83.60  70.36  13.24 

2,5-DiRiethyl  heptane 85.82  94.93  76.71  18.22 

2,4- Dimethyl  heptane 87.12  95.58  78.65  16.73 

Benzene ' 72.09  77.66  66.52  11. 14 

Toluene .-- 69.00  7407  63.93  10.14 

Ethyl  benzene 65.94  70.84  60.97  9-87 

Isopropyl  benzene 65.37  70.34  60.40  9.94 

Normal  propyl  benzene 64.91  69 . 73  60 .09  9 .64 

Tertiary  butyl  benzene ^344  68.23  58.65  9.58 

Mesitylene 62.86  67.41  58.31  9.10 

Pseudo  cumene 60.18  64.26  56.10  8.16 

Cydohexane  (liquid) 

Cyclohexane  (solid) 

Cydohexanol  (liquid)  (40.0®) 

Cydohexanol  (liquid)  (34.16**) 

Cydohexanol  (solid) 


[92.56] 

55.58 
53.96 


[49.04] 


34.81 


Cydohexanone 5441        57.76        51.06  6.70 

A  complete  discussion  of  these  results  in  relation  to  one  another  and  to 
other  sixnilar  data  as  well  as  to  the  other  related  properties  of  material 
is  a  subject  too  large  for  the  present  paper,  but  a  few  points  are  worthy 
of  emphasis.  The  first  relation  which  is  obviously  to  be  drawn  from  the 
data  is  the  remarkable  parallelism  between  change  of  compressibility 
with  presstu-e  and  the  magnitude  of  the  compressibility  itself.  In  almost 
every  case  greater  compressibility  goes  with  greater  change  of  compressi- 
bility under  increasing  pressure.  This  is  shown  by  the  accompanying 
diagram,  in  which  the  compressibility  over  the  whole  range  is  plotted  in 
the  direction  of  abscissae  and  the  difference  between  the  result  for  the 
upper  and  lower  halves  in  the  direction  of  ordinates.  Only  cme  point  is 
markedly  distant  from  the  fairly  regular  curve,  namely,  that  correspondiitg 
to  2,5-dimethyl  heptane.  Whether  this  single  discrepancy  has  real  m^ean- 
ing  or  is  due  to  imptuity  in  the  substance,  it  is  impossible  as  yet  to  say. 
A  single  deviation  of  this  kind,  however,  does  not  greatly  injure  the  verdict 
of  the  others,  since  the  relationship  can  make  no  claim  to  precise  accuracy. 
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but  only  stands  as  an  indication  of  a  general  tendency.    The  results 
clearly  justify  the  similar  but  less  consistent  curve  shown  in  an  earlier 


Fig.  3. — Change  of  compressibility  with  pressure  compared  with  magnitude  of 
compressibility.  Changes  of  compressibility  with  pressure  are  plotted  as  ordinates; 
compressibilities  a/e  plotted  as  abscissae.  The  16  different  substances  include 
paraffin  and  aromatic  hydrocarbons,  alcohols,  ketones  and  cyclohexane  derivatives, 
as  well  as  water. 

article.^  That  this  new  curve,  which  depicts  more  accurately  determined 
values  of  a  wide  variety  of  substances,  should  be  yet  better  than  the  earlier 
one  is  interesting  and  significant. 

Attention  should  also  be  called  to  the  fact  that  in  general  the  more  com- 
pressible substance  of  a  given  type  has  the  lower  boiling  point.  Compare, 
for  example,  methyl  and  ethyl  alcohol,  acetone  and  diethyl  ketone,  the 
two  nonanes,  the  benzene  series,  and  so  on.  Here,  of  course,  the  specific 
nature  of  the  substance  makes  the  paraUeUsm  between  different  classes 
less  striking,  and  in  the  comparison  of  densities  also  the  different  effects 
of  different  elements  prevent  indiscriminate  comparison.  When  a  large 
number  of  accurate  data  have  been  obtained,  these  matters,  none  of  which 
have  as  yet  been  fully  treated,  will  be  made  the  subject  of  an  especial 
communication,  in  which  the  various  contributory  effects  will  be  discussed 
in  detail.  We  are  glad  to  express  indebtedness  to  the  Carnegie  Institu- 
tion of  Washington  for  the  generous  pecuniary  assistance  which  made 
this  work  possible. 

Summary. 

The  present  paper  recounts  the  following  experimental  details:  First, 
an  accurate  but  simple  pressure  gauge  is  described;  secondly,  the  usual 
practise  with  regard  to  allpwing  for  the  space  between  piston  and  cylinder 
in  such  a  gauge  is  justified  by  experiment;  thirdly,  data  for  the  com- 
pressibility of  15  organic  liquids  are  recorded,  some  of  them  for  the  first 
time;  foiulhly,  the  striking  relation  between  the  magnitude  of  the  com- 
pressibility and  the  change  of  this  compressibility  with  pressure  is  pointed 
out;  and,  fifthly,  attention  is  called,  briefly,  to  relationships  to  other  proper- 
ties. 

Cambridgb.  Mass. 
^  Richards,  StuU,  Matthews  and  Speyers,  Tms  Journal,  34,  990  (191 2). 
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Uniyersxty.  ] 
FURTHER  STUDY  OF  FLOATING  EQXTILIBRIUM. 

By  Thhodoxb  W.  Richards  amd  Gorbam  W.  Harris. 

The  use  of  floating  equilibrium  in  detennining  specific  gravity  was 
perhaps  first  suggested  by  Davy,  in  his  work  on  the  density  of  the  alkali 
metals.  Pisati  and  Reggiani^  are  credited  with  having  used  the  method 
for  studying  Uquids  for  the  first  time.  In  two  recent  preliminary  papers' 
it  has  been  shown  that  the  exceedingly  sensitive  floating  equilibrium  of 
a  suitably  shaped  float  suspended  in  a  solution  of  the  same  density 
may  perhaps  be  capable  of  a  variety  of  useful  applications — on  the  one 
hand,  to  methods  of  chemical  analysis,  and  on  the  other,  to  the  calibra- 
tion of  thermometers,  as  well  as  to  the  study  of  the  coefficient  of  expansion 
of  the  float  or  the  Uquid.  The  method  has  the  virtue  of  being  compara- 
tively simple  and  inexpensive,  thus  being  within  the  reach  of  almost 
anyone. 

This  being  the  case,  a  careful  study  of  the  especial  precautions  neoesr 
sary  for  the  exact  prosecution  of  such  work  becomes  important,  and  the 
present  paper  describes  very  briefly  further  experiments  concerning :  firstly, 
the  precautions  necessary  for  quick  and  accurate  determination  of  the 
floating  equihbrium;  secondly,  the  thermal  hysteresis  of  glass  floats; 
thirdly,  the  effect  of  changing  atmospheric  presstu-e  upon  their  behavior; 
fourthly,  the  effect  of  traces  of  common  impurities  in  water;  and  finally, 
the  temperatures  of  floating  equilibria  of  the  floats  in  various  dilute  solu- 
tions of  hydrochloric  add,  which  afford  a  means  of  analyzing  the  solu- 
tion or  of  standardizing  approximately  a  given  interval  in  a  thermometer. 
Hydrochloric  acid  was  selected  as  a  standard  substance  because  of  its 
ready  purification  and  the  ease  with  which  its  solutions  may  be  anal3rzed 
by  volumetric  methods.  The  outcome  shows,  as  usual,  that  the  attain- 
ment of  accuracy  demands  thought  and  care;  but  also  that  useful  and 
interesting  results  may  be  obtained  with  due  precautions. 
Apparatus  and  Precautions. 

A  thermostat  capable  of  maintaining  a  constant  temperature  within 
one-thousandth  of  a  degree  and*of  easily  altering  this  constant  tempera- 
ture at  the  operator's  will  is  essential  for  great  precision.  Some  such  a 
contrivance  may  with  advantage  be  at  the  disposal  of  anyone  who  wishes 
to  standardize  a  thermometer  by  any  method.* 

*  Pisati  e  Reggiani,  Rend.  R.  Acad.  d.  Lined,  [4]  7,  99  (1890). 

'  Richards  and  Shipley,  This  Journal,  34,  599  (19x2);  36,  i  (1914)-  Attcntioii 
is  caUed  also  to  the  interesting,  accurate  and  valuable  work  of  Lamb  and  Lee,  "vho 
balanced  increased  bouyancy  by  magnetic  attraction.    This  Journal,  35, 1666  (1913)- 

*  See,  for  example,  the  chapter  by  one  of  us  in  Stahler's  "Handbuch,"  Vol.  Ill,  p.  259 
(19 1 2).  By  arranging  the  platinum  contact  point  so  as  to  be  movable  over  a  fixed 
scale,  the  shifting  of  the  temperattu-e  is  easily  efiFected. 
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The  method  was  essentially  that  described  on  page  2  of  our  paper  of 
][9i4.^  The  hydrochloric  add  solution,  in  which  was  suspended  the  fish- 
shaped  float,  was  protected  from  evaporation  by  a  current  of  properly 
moistened  air,  and  provided  with  an  eflOicient  stirrer  to  promote  rapid  ad- 
justment of  temperature.  This  stirrer  must  have  a  smooth  bearing; 
if  it  consists  of  a  glass  rod  running  through  a  glass  tube,  enough  glass 
powder  may  be  ground  off  to  influence  appreciably  the  density  and,  there- 
fore, the  floating  equihbrium  temperature  of  the  solution,  even  in  a  sin- 
gle day.  To  overcome  this  difficulty  bearings  were  made  of  platintun 
foil  at  each  end  of  the  tube  admitting  the  stirrer.  A  collar  of  platinum 
foil  was  sUt  above  at  intervals,  and  the  strips  bent  outwards  and  over, 
and  fastened  here  and  there  by  means  of  fusible  glass.  With  this  ar- 
rangement, although  traces  of  platinum  dust  were  worn  from  the  bearings, 
no  glass  was  worn  away,  and  the  solution  in  the  flask  remained  intact. 

The  floats,  of  the  fish  shape  previously  described,  were  observed  by 
means  of  a  small,  inclined  mirror  outside  of  the  flask  but  immersed  in 
the  water  of  the  thermostat,  and  marks  on  the  side  of  the  flask  helped 
to  show  whether  the  float  was  rising  or  sinking.  Great  pains  must  be 
taken  to  prevent  small  air  bubbles  from  attaching  themselves  to  the  float. 

Foiu"  kinds  of  glass  were  used  in  the  floats:  soft  German  tube,  Jena  tube 
with  the  red  line  called  "  Diu-orobax,"  Jena  reagent  glass,  and  the  Amer- 
ican **Nonsol.**     Mercury  is  the  most  convenient  material  for  ballast. 

Such  floats  remain  constant  in  weight  over  a  long  period,*  but  their 
changes  of  volume  soon  after  preparation  are,  however  (as  was  suggested 
in  one  of  the  previous  articles),'  highly  important.  At  that  time  no 
•quantitative  determination  was  made.  Accordingly,  two  floats  were 
now  tested  in  pure  water  over  a  long  period  from  the  day  of  their 
preparation,  the  results  being  given  in  Table  I  and  plotted  in  Fig.  i. 

^ABLB  I. — Changs  of  Floating  Egun^iBRnTM  Tsmpsraturb  du»  to  Contraction 

OF  Glass  on  Aging. 

Series  1.  Series  2. 


Age  of  float. 

Float,  equil. 

Age  of  float. 

Float,  equil. 

Hours. 

temperature. 

Hours. 

temperature. 

7 

20.410® 

2 

19.884" 

i68 

20.304 

6 

19.852 

199 

20.293 

24 

19.807 

243 

20.280 

55 

19.786 

384 

20.262 

75 

19.770 

1632 

20.1823 

174 

19.732 

1687 

20.1825 

292 

19.690 

1752 

20.1815 

816 

19.602 

Total  change,        o .  2285  *  o .  2820 * 

^  Loc.  cit. 

*  Richards  and  Shipley,  This  Journal,  3^9  5  (1914)- 

*  Ibid,,  34,  600  (1912). 
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Fig.  I. — Change  in  Floating  EguiLiBRiUBf  Tempbraturb  with  Age  of  Float. 
Temperatures  are  plotted  as  ordinates,  times  in  hours  as  abscissae. 

The  contraction  in  volume  suffered  by  the  floats,  in  the  first  few  hours 
of  their  existence,  was  very  serious,  and  even  after  two  weeks  they  were 
still  considerably  decreasing  in  volume,  from  week  to  week.  This  em- 
phasizes the  caution  advised  in  a  previous  paper  that  the  floats  should  be 
old.  After  two  months,  however,  the  change  is  very  slow.  The  latter 
part  of  each  of  these  curves  is  almost  exactly  logarithmic,  and  can  be, 
therefore,  extrapolated.  When  this  is  done,  it  becomes  clear  that  after 
three  or  four  months  the  floats  must  be  altering  so  slowly  in  volume  as 
not  to  affect  appreciably  any  ordinary  use  to  which  they  might  be  put 
within  a  moderate  interval  of  time.  More  change  of  volume  happens 
within  the  first  week  of  the  life  of  a  float  than  in  all  the  rest  of  its  exis- 
tence put  together.  The  total  changes  (corresponding  to  o .  2 °  or  0.3*^ 
in  the  floating  equilibrium  temperature)  are  of  the  order  of  0.005% 
of  the  volume.  This  is,  of  course,  about  the  order  of  the  changes  mea- 
sured by  the  rise  of  the  zero  point  of  a  mercury  thermometer  after  aging. 
Doubtless,  also,  similar  but  far  less  marked  changes  in  the  volumes  of 
the  floats  occur  because  of  less  violent  heating  or  cooling;  hence,  for  the 
most  accurate  work  it  is  important  that  the  floats  should  have  been 
previously  kept  at  about  the  temperature  of  the  room  for  a  long  time. 

The  floats  were  washed  thoroughly,  and  thereafter  handled  only  with 
glass,    double-pointed,    curved   forceps. 

During  early  trials,  rapid  agitation  of  the  solution  contained  in  the 
insulated  receptacle  was  found  to  cause  electrostatic  effects,  which  gave 
irregularities  at  first  incomprehensible.  The  trouble  was  naturally 
most  prominent  when  the  stirrer  was  lifted  above  the  surface  and  quickly 
plunged  beneath  it,  carrying  air  beneath  the  surface.  Perhaps  this  trouble 
was  the  cause  of  the  irregularity  in  a  curve  noticed  in  one  of  the  pre- 
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ceding  communications.  When,  however,  the  stirrer  was  always  kiept 
below  the  surface  of  the  solution,-  and  a  grounded  platinum  wire  difvj^d 
into  the  Uquid,  no  further  trouble  was  experienced.  Negative  results 
obtained  in  air  from  a  special  bulb  prepared  with  a  sealed-in  platintfm 
wire  showed  that  the  electrical  charge  within  the  float,  due  to  frictidn  of 
mercury,  must  be  very  small. 

Preparation  of  Materials. 

The  substances  used  in  the  work  to  be  described  were  prepared  with 
care.  The  water  used  for  all  solutions  had  been  three  times  distilled, 
once  from  alkaline  permanganate,  and  once  from  dilute  sulfiuic  acid. 
In  almost  all  cases  it  was  used  within  twenty-four  hotu^  of  the  last  dis- 
tillation, and  was  kept  in  borosihcate  glass  flasks.  That  it  remained 
constant  for  a  long  time  when  thus  preserved  was  shown  by  the  fact 
that  the  floating  equiHbriiun  temperature  in  water  which  had  been  pre- 
served in  a  stoppered  borosihcate  flask  for  two  months  was  foimd  to  be 
(exactly  the  same  as  that  in  the  freshly  prepared  water.  Thus  the 
amount  of  glass  dissolved  in  two  months  was  too  small  to  be  detected, 
even  by  this  very  sensitive  method. 

"Chemically  piu-e"  hydrochloric  acid  diluted  to  about  20%  was  dis- 
tilled through  a  quartz  condenser,  and  the  first  third  of  the  distillate 
discarded.  The  pure  middle  portion  was  at  once  diluted  with  purest 
water  about  half  strength  and  kept  in  paraffin-lined  bottles. 

The  sodium  hydroxide  used  for  titration  of  the  add  solutions  was 
freed  from  carbon  dioxide  by  usual  methods  and  was  kept  in  paraffin- 
lined  bottles  protected  from  carbon  dioxide. 

The  Effect  of  Dissolved  Paraffin  and  Air  on  the  Floating  Equilibrium 

Temperature. 
The  solubiUty  of  paraffin  in  water  might  seriously  affect  a  method  so 
sensitive,  hence  its  amotmt  was  approximately  estimated.    Very  piwe 
-water,  which  had  been  kept  in  a  paraffin-lined  bottle  for  nearly  three 
months,  when  evaporated  in  platinum  left  a  volatile  residue  (doubtless 
paraffin)  of  0.9  mg.  and  only  a  neghgible  weight  of  nonvolatile  impurity. 
The  conclusion  that  such  a  weight  of  this  impmity  (having  a  density  near 
that  of  water)  was  not  important  was  confirmed  by  experiments  comparing 
the  floating  equilibrium  temperatiu^s  of  fresh  water,  and  of  similar  water 
which  had  been  stored  for  ten  weeks  in  a  paraffin-lined  bottle.    The  tem- 
perature with  the  latter  was  foimd  to  be  0.0005**  below  the  former,  but 
this  is  about  the  hmit  of  accuracy  of  the  method.     Hence  the  amount  of 
paraffin  dissolved  by  a  Uter  of  water  has  an  effect  on  its  density  so  slight 
SLS  not  to  alter  appreciably  the  floating  equiUbritun  temperature,  which 
i^otild  be  perceptibly  affected  (to  the  extent  of  o.ooi®)  by  a  change  of 
density  of  about  o.ooooooi. 
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The  effect  of  dissolved  air  on  the  density  of  water  and  of  the  dilute 
solutions  employed  might  also  affect  the  floating  equilibrimn  tempera- 
ture. No  difference,  however,  could  be  detected  in  the  following  trials, 
whidi  were  all  carried  out  in  a  single  day  under  constant  pressure.  The 
results  follow: 

Temperature  with  air-saturated  water 20. 1825* 

Temperature  with  water  freed  from  air  by  boiling  and  freezing.     20 . 1 825  * 
Temperature  with  the  same  water  shaken  with  air 20. 1825^ 

This  is  not  very  different  from  the  result  of  Marek,  who  fotmd  at  21® 
(extrapolated)   no  appreciable  effect  in  the  seventh  decimal  place  by 
saturating  water  with  air.     At  20**,  on  the  other  hand,  he  found  a  de- 
crease of  density  thus  caused  of  0.0000004,  which  would  correspond  to 
about  o .  003  ^  in  the  floating  equilibrium  temperatxu-e.    This  latter  amount 
could  be  easily  and  certainly  detected.     Hence  we  are  inclined  to  think, 
because   we    observed   no   change  whatever,    that  Marek's   change  rf 
o  0000004  ^  the  density  of  water  at  20**,  due  to  the  satiuation  of  air, 
is  too  large,  and  should  be  nearer  zero.     It  is  perhaps  worth  noting  thai 
Chappuis^  fotmd  an  average  value,  between  5®  and  8®,  about  0.00000035 
less  than  Marek*s  over  this  range.     If  this  same  correction  is  appUei 
throughout  Marek's  work,  his  result  would   correspond   very  nearly  to 
ours.     Undoubtedly,  if  the  percentage  of  dissolved  carbon  dioxide  varied 
greatly,   differences  would  be  observed.     Our  experiments   were  made 
with  air  under  usual  conditions,  which  are  fairly  constant. 

Analysis  of  Solutions. 

Ordinary  volumetric  analysis  being  too  crude  for  so  exact  a  process, 
oxu-  solutions  were  analyzed  titrimetrically  by  means  of  weight  burets, 
consisting  of  o.  i  liter  Jena  flasks  fitted  up  like  miniattu-e  analytical  "wash- 
bottles**  with  long  outlets,  and  provided  with  capillary  jets.  Metliyl 
red  was  used  as  the  indicator,  and  suflScient  precautions  were  taken  to 
exclude  carbon  dioxide.  It  was  ascertained  that  the  accuracy  attained 
was  adequate  for  the  problem  in  hand.  A  permanent  solution  was  used 
for  comparison  of  the  end  point,  made  of  a  very  dilute  solution  of  potasr 
sium  dichromate  and  cobalt  chloride  in  hydrochloric  acid  so  prepairf 
as  to  match  exactly  the  tint  of  methyl  red  in  a  solution  known  to  be  neu- 
tral. 

The  Effect  of  External  Pressure. 

The  effect  of  changing  pressure  upon  the  density  of  water  is  weU  known 
but  the  similar  effect  upon  the  glass  float  cannot  be  predicted  beforehand 
because  this  depends  upon  the  quality  and  thickness  of  the  glass  as  wel 
as  upon  the  shape  of  the  float.  The  correction,  therefore,  must  be  aa- 
pirical,  like  the  similar  correction  applied  to  the  thermometer,  which  ab 
must  be  taken  into  account.  This  later  effect,  as  carefully  determined 
*  "Trav.  Bureau  Int.,"  14D  (1910). 
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varied  with  different  instnunents  between  0.0022®  to  0.0029®  for  one  cm. 
of  mercury. 

Obviously,  increase  in  barometric  pressure  by  compressing  the  liquid 
tends  to  raise  the  equilibrimn  temperatiure,  but,  on  the  other  hand,  by 
compressing  the  float  tends  to  lower  the  equiUbrium  temperatiu-e,  and  the 
net  correction  is  the  difference  between  these  two  effects.^ 

This  net  correction  was  found  experimentally,  partly  from  readings 
taken  at  different  times  when  the  barometer  was  fluctuating,  and  partly 
by  artificially  altering  the  pressiu-e. 

Tabus  II. — 'Btvuct  op  Prbssurb  on  Floating  Equilibrium  Tebcpsraturb  (Cqr- 

RSCTBD  FOR  EfFSCT  OF  PrBSSURB  ON  ThBRMOMBTSR)  . 

Corr.  per  mm. 

Float    I  Soft  glass — o  .00041  ^ 

Float    J  Jena  reagent  glass +0.00006® 

Float  M         Jena  reagent  glass ^0.00000® 

Float   K         Dtu-orobax  glass +0.00002 ° 

A  negative  correction  indicates  that  the  float  was  less  compressible 
than  the  water,  and  a  positive  that  it  was  more  compressible  than  the 
water.  Except  in  the  case  of  the  large,  thick-walled  float  of  German 
glass,  I,  it  is  seen  that  the  net  effect  is  almost  nothing  at  all,  the  two  cor- 
rections counterbalancing  one  another,  that  is,  the  average  compressi- 
bility of  a  thin-walled  float  of  7  cc.  volume  may  be  made  very  nearly  equal 
to  that  of  water.  The  larger  thin  float  employed  by  Lamb  and  Lee 
was  much  more  compressible. 
^  Thus  the  effect  of  pressure  must  never  be  forgotten  in  work  of  this 
kind.  Obviously  a  somewhat  compressible  float  is  more  suitable  than  a 
highly  incompressible  one,  as  the  net  correction  is  then  snialler;  moreover, 
even  the  difference  in  pressure  between  the  top  and  bottom  of  the  flask 
may  have  a-  serious  effect  upon  the  equilibrium  of  a  very  thick  float. 
Such  a  float  as  Float  I  had  its  floating  equilibrium  temperature  altered 
0.003**  in  20  cm.  depth  of  water,  so  that  when  the  flask  is  at  equiUbrium 
temperature  with  the  float  at  the  middle,  the  solution  on  the  top  was 
0.0015^  above  the  equilibrium  temperature  at  that  point,  while  that  at 
the  bottom  was  the  same  amount  below.  The  float  would,  therefore, 
remain  suspended  in  the  middle  and  not  be  very  sensitive  to  changes  of 
temperature.  Much  more  sensitive  results  are  obtained  with  a  float  thin- 
i^alled  enough  to  approach  in  compressibility  that  of  the  liquid. 

The  Thermometers  and  Temperature  Scale. 

The  thermometers  used  were  instruments  of  high  grade,  partly  Beck- 

xnann  thermometers,  and  partly  thermochemical  thermometers  made  to 

<x>ver  the  range  between  15®  and  20°,  as  well  as  two  instruments  of  larger 

rrange;  and  they  were  verified  by  reference  to  Baudin  instruments  which 

1  See  Lamb  and  Lee,  Loc.  cit.,  p.  1676. 
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had  been  very  carefully  standardized  in  Paris  and  elaborately  studied 
here.  They  were  thus  all  referred  to  the  international  hydrogen  scale 
as  exactly  as  possible  tmder  the  circumstances. 

Relation  of  Floating  Equilibrium  Temperature  to  Concentratioa  wifli 
Hydrochloric  Acid  Solutions. 

The  method  was  extremely  simple.  The  temperatures  of  floating 
equilibrium  of  the  several  floats  in  pure  water  in  the  neighborhood  rf 
15**  or  16®  were  first  determined.  Hydrochloric  add  in  definite  amount 
was  then  added,  and  the  temperatiu^  of  the  thermostat  raised  in  steps 
until  the  exact  floating  equilibrium  temperatiu-e  of  each  float  was  succes- 
sively reached;  afterwards  more  hydrochloric  acid  was  added,  and  so  on. 
The  amounts  of  added  hydrochloric  acid  were  often  chosen  so  that  the 
temperature  would  rise  nearly  a  definite  fraction  of  a  degree.  In  each  case 
portions  of  the  hydrochloric  add  were  removed  and  carefully  analyzed. 

The  main  factors  determining  ease  in  detecting  the  equilibrium  point 
are  high  coeffident  of  expansion  and  low  viscosity.  Alcoholic  solutioos, 
such  as  were  described  in  the  paper  of  1912,  are  therefore  espedally  favor- 
able. The  method  works  much  less  rapidly  in  a  very  dilute  aqueous  sta- 
tion at  16°  than  in  dther  of  the  solutions  described  in  the  previous  papers; 
hence  the  present  case  is  an  unusually  exacting  one.  Nevertheless  there 
was  no  difiiculty  in  securing  the  end  point  of  floating  equilibrium  within 
0.Q005®  if  sufiicient  patience  was  employed.  If,  as  is  often  the  case,  an 
accuracy  within  o. 01  **  is  all  that  is  required,  the  operation  is  much  quicker 
and  more  convenient.  Ordinary  voliunetric  analysis  is  then  sufficient, 
and  the  end  point  can  be  very  quickly  determined,  because  of  the  quick 
rising  and  falling  of  the  float  within  the  wide  temperature  limits  per- 
mitted. Many  of  the  precautions  and  corrections  required  in  the  mon 
exact  work  become  unnecessary.  For  example,  the  difficulty  from  currents 
produced  by  agitation  or  convection  is  scarcely  noticeable,  and  the  effect 
of  changed  barometric  pressure  on  the  float  and  solution  becomes  negligible. 
.  The  floating  equilibritun  temperatiu-es  of  the  five  floats  in  several  con- 
centrations of  piu-e  dilute  hydrochloric  acid  are  given  in  Table  III. 

Tablb  III. — Egun^iBRiuM  Tbmpbraturbs  and  Concsntrahons. 

Cone  of  HCt 


Float  J 

Float  M 

Float  I 

Float  K 

Float  L 

(percent 

(Jena). 

(Jena). 

(soft  glass). 

("Durorobax") 

.  ("Nonsor'). 

by  weight). 

X5.172 

14.823 

14.962 

15.387 

0.00000 

16.178 

15.776 

15.953 

15.996 

16.412 

0.02825 

17.080 

16.696 

.... 

.... 

.... 

0.05547 

18.093 

17.730 

18.051 

17.961 

18.344 

0.08874 

19.064 

.18.725 

.... 

.... 

0.12282 

19.925 

19  599 

.... 

19.827 

0.15475 

24.698 

24.464 

32.337 

25.025 

24.671 
32.362 

0,36368 
0  79457 
0.80833 
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The  portion  of  these  data  between  14®  and  20**  is  indicated  by  the 
five  upper  curves  on  the  accompanying  diagram  (Fig.  2).  The  higher 
points  were  not  included  in  order  not  to  diminish  too  greatly  the  scale, 


Fig.  2. — ^Floating  Equilibbium  Temperatures  in  Dilutb  Hydrochloric  Acid. 

Temperatures  are  plotted  as  ordinates,  concentrations  of  hydrochloric  as  abscissae. 
The  left-hand  temperatures  refer  to  the  five  uppermost  curves,  the  right-hand  only  to 
the  lowest  curve.  The  abscissae  numbers  refer  to  grams  per  liter  on  the  five  upper 
curves,  and  decigrams  per  liter  on  the  lowest.  J  and  M  are  with  reagent  Jena  glass 
floats;  I,  conimon  soft  glass;  K,  "Durorobax;"  L,  "Nonsol."  In  plotting  0.500®  has 
l>een  subtracted  from  each  temperature  in  the  case  of  Float  I,  so  that  its  curve  would 
sot  conflict  with  the  others.  The  lowest  curve  is  a  ten-fold  enlargement  of  the  first 
part  of  K.  The  five  upper  curves,  of  course,  are  not  on  a  scale  large  enough  to  show 
-the  full  i>ossibilities  of  the  method. 

but  they  lie  on  smooth  curves  continuing  those  given.    The  lowest  curve 
x-cpresents  the  beginning  of  curve  K,  magnified  tenfold. 

Let  us  consider  first  the  group  of  the  five  uppermost  curves.    All  these 
criorves,  of  course,  are  slightly  convex  upward,  because  the  coefficient  of 
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expansion  of  water  increases  with  the  temperature;  the  greater  the  co- 
efficient of  expansion  of  water,  the  smaller  is  the  rise  of  temperature 
necessary  to  coimteract  a  given  change  in  density  due  to  added  hydro- 
chloric acid.  The  departure  from  a  straight  line  is  greater  here  than 
in  the  cases  studied  before.  The  lowest  curve  (I),  representing  soft  glass, 
is  steeper  than  the  others,  because  the  coefficient  of  expansion  of  soft 
glass  is  greater  than  that  of  the  borosilicate  glass.  The  difference  in 
slope  would  obviously  give  a  means  of  computing  the  difference  in  the 
coefficients  of  expansion.  The  other  foiu*  curves  are  not  far  from  parallel; 
thus  the  three  varieties  of  borosilicate  glass  have  approximately  the  same 
coefficients  of  expansion.  Ciu^es  J  and  M  both  represent  Jena  reagent 
glass.  They  converge  slightly  toward  the  upper  comer;  a  part  of  this 
convergence  is  due  to  the  greater  coefficient  of  expansion  of  water  at  the 
higher  temperature,  but  this  will  not  account  for  quite  all  of  the  effect. 
The  two  samples  must  therefore  have  differed  slightly  in  coefficient  oi 
expansion.  This  is  unfortunate,  because  it  seems  to  indicate  that  each 
float  must  be  standardized  for  itself;  even  a  glass  reputed  to  be  of  con- 
stant composition  is  not  sufficiently  definite  to  give  precisely  similar  re- 
sults with  this  very  sensitive  method,  using  different  samples.  Be- 
cause of  this  limitation,  it  is  hardly  worth  while  to  give  equations  of  the 
type  n  ^  at  +  bt^  +  ci^  for  the  ciuves,  although  if  one  wished  to  do 
much  work  with  a  single  float  this  would  be  advantageous.  The  curves 
are  to  be  regarded  rather  as  typical  than  as  universally  applicable.  Never- 
theless, since  the  curvature  is  of  necessity  similar  in  the  different  cases, 
these  curves  may  be  of  use  to  others  in  subdividing  an  interval  when  the 
two  terminal  temperatures  are  known,  with  any  float  of  borosilicate  glass. 

The  most  obvious  use  for  such  curves,  as  previously  stated,  lies  in 
the  means  which  they  afford  of  analyzing  solutions  with  the  help  of  a 
standardized  thermometer.  When  no  other  more  convenient  means 
of  analyzing  the  solutions  exist,  the  method  might  be  very  useful  in  in- 
vestigations demanding  many  determinations  <rf  the  same  type.  Even 
if  one  has  not  a  standardized  thermometer  at  hand  he  can,  nevertheless, 
use  curves  of  this  sort,  provided  that  his  thermometer  is  calibrated  with 
reference  to  itself,  or  has  an  even  bore;  but  of  course  in  such  a  case  his 
curves  would  correspond  only  to  that  particular  thermometer. 

The  lowest  curve  in  the  diagram  (Fig.  2)  records  the  beginning  of  the 
curve  with  "Durorobax"  glass  magnified  tenfold;  here  the  unit  of  the 
abscissa  numbers  represents  a  concentration  of  o.  i  g.  per  1000  g,  of  solu- 
tion. Because  of  the  possibility  that  the  increasing  *  appearance  of  the 
hydroxyl  ion  at  very  great  dilution  may  affect  the  curve,  ^  more  data 

^  Lamb  and  Lee  have  pointed  out  the  remarkable  effect  of  hydroly^  on  vefy 
dilute  sodium  carbonate  solutions.  The  possible  effect  referred  to  above  is  somewhit 
analogotis  (loc.  cit,). 
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than  those  now  presented  will  be  required  to  fix  this  enlarged  curve  with 
complete  accuracy  at  its  lower  left-hand  comer,  but  it  will  serve  for  the 
present  to  exemplify  the  possible  usefulness  of  the  method  with  very 
dilute  solutions.  Such  a  single  curve  might  be  made  applicable  to  many 
other  substances  besides  hydrochloric  add,  as  follows: 

In  the  first  place,  solutions  of  most  substances  as  dilute  as  those  cov- 
ered by  this  curve  must  have  very  nearly  the  same  coefficient  of  expan- 
sion as  pure  water.  This  inference  is  drawn  from  the  data  concerning 
the  coefficients  of  expansion:^  because  it  appears  that  the  change  in  the 
coefficient  of  expansion  of  dilute  aqueous  solutions  is  nearly  linear  with 
the  concentration,  interpolation  between  concentrations  of  perhaps  1% 
and  zero  may  be  made  with  confidence;  and  one  concludes  that  all  solu- 
tions witlun  this  range  must  have  a  coefficient  of  expansion  within  a 
fraction  of  a  per  cent,  of  that  of  pure  water.  Hence  this  curve  becomes 
not  only  a  curve  referring  to  hydrochloric  add  alone,  but  also  (within 
this  range  of  error)  to  many  other  substances.  The  relation  between 
different  substances  would  thus  become  only  a  question  of  the  density 
of  the  solution,  and  the  curve  would  thus  become  a  means  of  meastuing 
density  by  means  of  the  thermometer.  Even  if  the  hydrochloric  add 
has  an  irregularity  at  very  great  dilution,  salt  solutions  from  strong 
adds  and  bases  have  not  (Lamb  and  Lee)  and  one  of  these  would  certainly 
serve  if  an  add  would  not.  At  this  temperature  a  solution  of  hydro- 
chloric add  which  contains  o.  i  g.  of  hydrochloric  add  per  1000  g.  has 
been  found  to  have  (again  by  interpolation  between  the  almost  linear 
larger  concentrations  and  zero)  a  density  almost  exactly  0.000050  greater 
than  piu-e  water.  To  use  the  ciu^re  with  any  other  specified  substance 
one  would  need  only  to  multiply  the  figiu'es  for  hydrochloric  add  by  a 
proportional  factor  corresponding  to  the  spedal  salt.  For  example, 
one-tenth  of  a  gram  of  sodium  hydroxide  per  kilogram  changes  the  den- 
sity by  o. 0001 15  or  2.30  times  more  than  the  same  weight  of  hydro- 
chloric acid.  In  order  to  reduce  the  figiu'es  as  given  for  hydrochloric 
add  to  those  corresponding  to  sodium  hydroxide,  it  would  be,  there- 
fore, necessary  only  to  divide  them  by  2 .30.  These  figures  are  calculated 
from  the  known  densities  of  the  corresponding  solutions  as  found  by  others. 
This  extension  of  the  method,  now  tentativdy  suggested  as  possible, 
deserves  fiuther  trial  and  will  be  experimentally  tested  in  the  near  futxu-e. 

The  manner  of  using  curves  of  this  sort  for  standardizing  a  thermometer 
has  been  already  recorded  in  one  of  the  previous  papers.* 

The  present  work  has  not  yet  brought  any  of  this  work  to  the  stage 
of  finality,  but  it  confirms  the  conclusion  of  the  previous  papers  that, 
because  of  the  extreme  sensitiveness  of  the  indication  of  floating  equi- 

^  For  example,  see  Landolt  and  B6msteiii,  Tabelkn,  X9X3|  p.  338, 
*  This  Journal,  36,  9  (1914). 
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librium,  the  method  may  be  one  having  many  uses  if  the  experimenter 
takes  due  precautions.  Of  course  this  method  like  many  other  phe- 
nomena concerning  change  of  temperature  cannot  without  great  care, 
at  least  in  its  present  stage,  be  depended  upon  to  yield  results  as  accurate 
as  its  readings  are  sensitive,  chiefly  because  of  the  irregularities  of  the 
glass  float.  Anticipated  work  with  a  float  of  piu-e  metal,  which  would 
be  expected  to  be  free  from  thermal  hysteresis  and  would  have  a  definite 
coefficient  of  expansion,  has  had  to  be  postponed  because  of  the  difiS- 
culty  of  preparing  such  a  float,  but  this  task  has  been  completed  and  in 
the  futiu-e  it  is  hoped  such  a  float  may  be  tested.  Doubtless  it  would 
give  more  constant  results  than  those  described  above. 

We  are  glad  to  acknowledge  oiu*  indebtedness  to  the  Carnegie  Institu- 
tion for  some  of  the  apparatus  used  in  this  research. 

Summary. 

The  solubility  of  paraffin  in  water  has  been  examined  and  shown  to 
be  very  small.  For  many  piuposes  the  use  of  paraffin-lined  bottles  as 
containers  for  standard  solutions  is,  therefore,  recommended. 

Several  newly  described  precautions,  necessary  for  very  exact  work 
with  floating  bulbs  in  determining  floating  equilibrium,  are  recorded, 
and  the  effects  of  electrostatic  charge,  of  var3dng  pressure  on  liquid  and 
float,  and  other  possible  causes  of  error  were  studied  in  detail. 

The  slow  contraction  of  glass  after  fusion  has  been  studied  over  a  long 
range.  This  is  a  very  important  possible  source  of  error  in  work  of  this 
kind,  as  suggested  in  the  earlier  papers. 

Air  dissolved  in  water  at  20°  has  been  shown  to  affect  the  density  of 
water  by  less  than  0.0000002. 

Concentration-temperature  ctuires  have  been  studied  with  several 
floats  made  of  different  kinds  of  glass  in  dilute  solutions  of  hydrochloric 
add. 

Such  ciuves  may  be  used  for  analyzing  such  hydrochloric  acid  with 
the  help  of  similar  floats  and  a  standard  thermometer,  or  for  subdividing 
intervals  of  an  uncaUbrated  thermometer.  Until  floats  of  perfectly 
definite  composition  are  obtained,  however,  results  for  any  one  float 
cannot  safely  be  used  with  another  without  preliminary  testing  on  both 
ends  of  the  range  employed. 

Because  of  the  almost  identical  coefficients  of  expansion  of  very  dilute 
solutions,  the  beginnings  of  such  a  curve  may  perhaps  be  used  for  manv 
other  solutions  besides  hydrochloric  acid;  it  becomes  a  curve,  connecting 
approximately  the  density  of  any  very  dilute  solution  with  the  tempera- 
ture of  floating  equilibrium.  Thus  one  can  determine  densities  thenno- 
metrically.  The  method  will  probably  be  more  useful  with  sudi  dilute 
solutions  than  with  any  others,  but  one  must  be  on  the  lookout  for  the 
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change  in  the  concentration  of  the  hydroxyl  ion  in  extreme  dilutions  of  an 
add. 

Cambxisob,  MAsa. 
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SEPARATION  OF  THE  METALS  OF  THE  TIN  GROUP.' 

By  J.  M.  W8I.CB  AMD  H.  C.  P.  Wbbbx. 
Received  March  1.  1916. 

The  custon^ary  methods  for  the  separation  of  arsenic,  antimony  and 
tin  for  qualitative  purposes  depend,  in  principle,  either  on  the  relative 
strength  of  the  adds  of  these  dements  (for  instance,  the  ammonium 
carbonate  separation  of  arsenic  from  antimony  and  tin),  or  upon  the 
difference  in  the  solubilities  of  their  sulfides  in  adds.'  Of  these  prindples 
the  latter  is  perhaps  the  one  most  made  use  of  in  present  practice. 

Thus,  in  the  procedure  outlined  by  A.  A.  Noyes  and  W.  Bray,*  the  three 
elements  are  separated  from  each  other  by  the  use  of  graded  concentrations 
of  hydrochloric  add.  In  the  hands  of  a  practiced  operator  this  method 
leaves  little  to  be  desired,  and  is  one  of  the  most  satisfactory  methods 
described.  When,  however,  the  method  was  emplo3red  by  persons  of  less 
manipulative  expertness,  such  as  students  entering  for  the  first  time 
into  qualitative  work,  the  results  were  by  no  means  as  satisfactory  as  might 
have  been  antidpated.  The  statistics  collected*  show  tin  as  giving  the 
greatest  trouble,  it  being  missed  in  20.2%  of  the  cases  considered.  Ar- 
senic was  overlooked  in  18%  of  the  cases,  while  antimony  was  very  rardy 
missed  (less  than  1%). 

According  to  the  method  of  Noyes,  the  sulfides  of  the  second  group  are 
precipitated  and  then  separated  by  treatment  with  ammonium  polysulfide 
in  much  the  usual  manner,  AS2S6,  SbjSs  and  SnSa  being  thrown  out  from 
the  restdting  polysulfide  filtrate  upon  acidification  with  hydrochloric  acid. 
Up  to  this  point  no  particular  difl&culty  is  encoimtered,  except  occasionally 
with  copper,  which  dissolves  to  a  slight  extent  in  ammonium  polysulfide. 
This  wiU  be  referred  to  again  under  the  description  of  the  new  procedure. 

The  predpitated  tin  group  sulfides,  superfidally  dried,  are  then  treated 
with  exactly  10  cc.  of  concentrated  hydrochloric  acid  (sp.  gr.  1.20),  and 
warmed  for   10  minutes  on  the  steam  bath.     Arsenic  sulfide  remains 

^  Presented  as  thesis  for  the  degree  of  B.S.  by  J.  M.  Welch  to  the  College  of  Liberal 
Arts  £md  Sdences,  University  of  Illinois. 

*  A  separation  based  upon  the  predpitation  of  antimony  as  the  pyroantimonate 
of  sodium  has  been  proposed  by  Hahn,  Z.  anorg,  Chem,,  9a,  168  (1915). 

»  This  Journal,  29,  137  (1907). 

*  From  reports  of  the  students  in  qualitative  analysis  first  semester  1914-1915. 
^bout  200  reports  were  examined. 
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behind,  and  antimony  and  tin  go  into  solution  as  SbCU  and  SnCU  respec- 
tively. 

Up  to  tliis  point  the  method  here  proposed  follows  the  lines  laid  out 
by  Noyes  and  Bray,^  but  from  here  on  the  procediu-e  is  modified.  In 
the  original  method  the  filtrate  containing  the  antimony  and  tin  is  diluted 
so  that  50  cc.  of  solution  contain  10  cc.  of  concentrated  hydrochloric 
acid.  Hydrogen  sulfide  is  then  passed  into  the  solution,  which  nieamiMU 
should  he  kept  at  go^.  If  no  precipitate  is  formed,  fmther  5  cc.  of  water 
are  added  and  hydrogen  suhide  is  again  passed  into  the  solution.  If 
antimony  sulfide  has  been  formed  it  is  removed  by  filtration,  the  tin  is 
then  precipitated  as  the  sulfide  from  the  cold  solution,  after  dilution  to 
70  cc. 

If  these  steps  are  carried  out  with  proper  attention  to  the  essential 
details  the  results  are  very  satisfactory.  The  limits  of  dilution  are  not 
very  wide,  however,  and  in  addition  the  temperature  must  be  controlled. 
Errors  at  this  point  of  the  procedure  will  cause  the  formation  of  a  "brown 
precipitate,"  as  has  been  noted  by  Noyes  and  Bray.  As  a  matter  of  ex- 
perience, this  error  was  a  very  conmion  one  on  the  part  of  numerous 
students  using  the  method.  Aside  from  the  fact  that  the  characteristic 
color  of  antimony  stdfide  is  masked,  producing  corresponding  uncertainty 
in  the  interpretation  of  the  results,  large  quantities  of  tin  are  lost  with  the 
antimony.  Unless  the  precipitate  is  again  treated  by  a  special  procedure, 
tin  may  be,  and  often  is,  overlooked  entirely. 

Experimental. 

In  the  literature  very  little  is  to  be  found  concerning  the  nature  of  the 
brown  precipitate  formed  when  antimony  and  tin  sulfides  are  precipitated 
together.  Its  color  in  no  way  corresponds  to  that  of  a  mixture  of  the  two 
sulfides,  and  in  view  of  the  regularity  and  ease  with  which  it  is  formed  it  is 
strange  that  so.  little  mention  is  made  of  it.  Of  the  well-known  texts  on 
qualitative  analysis,  that  of  A.  A.  Noyes,  and  one  or  two  others,  are  the 
only  ones  which  mention  it.  No  reference  is  f otmd  in  the  general  literature. 
Pouget'  has  described  a  ntunber  of  compounds  which  are  possibly  of  the  same 
nature.  By  precipitating  salts  of  the  metals  with  solutions  containing 
KsSbSt  he  obtained  compounds  of  the  type  McsSbSs  and  Me^KSbSt.  Per 
the  heavy  metals,  these  are  brown  to  black  precipitates  of  constant 
composition.  The  alkali-earth  compotmds  are  white  to  yellow,  the  man- 
ganese salt  is  rose  colored.  The  mineral  p3nrargyrite,  AgsSbSi,  is  a  naturally 
occurring  example  of  these  thioantimonites.  The  tin  thioantimonite  has 
not  been  described. 

It  is  possible  that  the  brown  precipitate  is  of  the  same  general  char- 
acter as  the  compounds  described  by  Pouget.     It  is  formed  whenever 

1  Loc.  cit. 

^  Campt.  rend.,  124,  1445,  15 18  (1897);  126,  1144,  1792  (1898);  129,  103  (1898). 
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tin  and  antimony  sulfides  are  precipitated  together  from  a  dilute  hydro- 
chloric acid  solution.  When  equivalent  portions  of  nearly  neutral  solu- 
tions of  sodium  thioantimonite  and  stannic  chloride  are  mixed  (molar 
solutions),  a  muddy  black  precipitate  is  formed  at  once,  which  darkens 
on  standing.  With  excess  of  antimony  the  color  is  shifted  somewhat 
to  the  red,  while  with  corresponding  excess  of  tin  the  yellow  predominates 
more  and  more.  Occasionally,  when  much  antimony  is  present,  its  sul- 
fide may  be  observed  to  form  first  on  passing  hydrogen  sulfide  into  the 
solution  and  as  the  precipitation  proceeds  the  characteristic  drab-colored 
compound  is  formed.  The  preparation  of  a  definite  tin  thioantimonite 
has  so  far  not  been  undertaken,  but  the  characteristic  way  in  which  such 
solutions  reacted  led  to  an  investigation  of  the  reliability  of  the  behavior 
as  an  indication  of  tin  and  antimony. 

In  order  to  determine  the  limits  between  which  this  substance  would 
reveal  its  presence,  varying  quantities  of  stannic  tin  and  trivalent  antimony 
were  mixed  and  diluted  to  70  cc.,  with  an  add  content  of  10  cc.  of  hydro- 
chloric add.  These  solutions  were  then  predpitated  at  ordinary  tem- 
peratures by  means  of  hydrogen  sulfide.  The  rdative  concentrations  of 
the  two  metals  in  the  test  solutions  are  given  in  Table  I. 

Tabls  I. 
Compositioii  of  Solutions  for  the  Investigation  of  the  "Brown  Precipitate." 

Sb  per       Sq  per       Ratio.  Sb  per       Sn  per        Ratio. 

Solution.  cc.  (mg.).  cc  (mg.).     Sb/So.       Solutioii.  cc.  (mg.).  cc.  (mg.).     Sb/Sn. 

A 6.30  0.33  20/1  N 2.24  1.28  7/4 

B 5.98  0.32  19/1  0 1-93  1.60  6/5 

C 5.66  0.32  18/1  P 1.60  1.92  5/6 

D 5.34  0.32  17/1  Q 1.28  2.24  4/7 

E 5.02  0.32  16/1  R 0.96  2.56  3/8 

F 4.70  0.32  15/1  S 0.64  2.88  2/9 

G 4.38  0.32  14/1  T 0.32  3.20  i/io 

H 4.06  0.32  13/1  U 0.32  3.52  i/ii 

1 3.74        032        12/1  V 0.32        3.74        1/12 

J 352        0.32        ii/i  W 0.32        4.06        1/13 

K 3.20        0.32         lo/i  X 0.32        4.38         1/14 

h 2.88        0.64  9/2  Y 0.32        4.70        1/15 

M 2.56        0.96  8/3 

Solutions  "A"  to  "K"  gave  red  to  red-brown  precipitates,  "K"  to  "S"  were  decidedly 

brown,  while  the  prediritates  from  solutions  "R''  to  "Y"  varied  from  day-brown  to 

yellow-brown. 

With  the  ratio  of  the  antimony  content  to  the  tin  content  varying  as 
given  in  solutions  "I"  to  **U**  the  brown  color  was  easily  recognized, 
being  most  sharply  defined  in  the  region  indicated  by  solutions  "K"  to 
'*S,"  inclusive.  When  the  antimony  was  present  in  greater  proportion 
than  is  indicated  in  *'I,"  it  was  difl&cult  to  discover  a  marked  difference 
between  the  color  of  the  precipitate  and  that  of  a  precipitate  of  antimony 
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sulfide  alone.  When  the  proportion  of  the  tin  exceeded  that  given  in 
solution  "U**  the  yellow  color  of  tin  sulfide  predominated,  so  that  there 
could  be  no  doubt  as  to  its  presence.  The  presence  of  antimony  was  in- 
dicated imder  these  conditions  by  the  red  precipitate  first  formed  when 
hydrogen  sulfide  was  passed  into  the  solution. 

It  was  foimd  that,  within  the  Umits  indicated,  not  only  was  the  char- 
acteristic brown  precipitate  obtained,  but  also  that  a  colorimetric  estimate 
of  the  relative  proportions  of  the  two  constituents,  tin  and  antimony, 
was  possible.  In  order  to  show  this  the  precipitates  Hsted  in  Table  I 
were  renumbered  so  as  not  to  suggest  their  composition  and  begiimers 
from  the  laboratory  were  asked  to  arrange  them  in  the  order  of  the  color 
gradations  from  red  through  brown  to  yellow.  This  was  repeated  a 
number  of  times  and  in  every  case  the  precipitates  from  "K"  to  "S," 
inclusive,  were  arranged  in  the  order  of  decreasing  antimony-tin  ratio. 

From  this  it  would  appear  that  when  the  ratio  of  antimony  and  tin  in  a 
mixture  lies  between  12/1  and  1/12,  the  color  of  the  precipitate  formed 
by  the  action  of  hydrogen  sulfide  in  a  solution  containing  the  equivalent 
of  10  cc.  of  concentrated  hydrochloric  acid  to  a  volume  of  70  cc.  is  a  very 
valuable  indication  of  the  presence  of  tin. 

Treatment  of  the  Precipitate. — If  a  separation  of  the  antimony  and  tin 
is  not  desired;  the  precipitate  is  ready  for  the  procedure  devised  by  Pertua 
and  Castaldi.^  According  to  this  method  the  sulfides  are  suspended 
in  a  Httle  water  and  shaken  with  metalUc  magnesium  powder.  The  tin 
compound  is  reduced  to  the  metal  and  is  after  reduction  dissolved  in  dilute 
hydrochloric  acid.  The  solution  is  allowed  to  run  through  a  filter  into 
merciuic  chloride  solution,  the  SnCla  revealing  its  presence  by  the  pro- 
duction of  mercurous  chloride.  The  antimony  does  not  interfere  with 
the  reaction,  and  in  the  case  of  all  mixtures  Usted  in  Table  I  satisfactory 
tests  were  obtained  for  tin  by  this  method.  No  particular  account  is 
taken  of  antimony  in  this  process,  however,  and  it  seemed  advisable  to 
include  a  positive  confirmation  of  this  element  in  the  steps  taken,  partic- 
ularly to  take  care  of  the  extreme  mixtures  where  antimony  or  tin  pre- 
dominates very  largely. 

One  of  the  most  satisfactory  tin  and  antimony  separations  is  that  d 
F.  W.  Clarke,  2  which  is  used  for  the  quantitative  separation  of  these  two 
elements.  A  series  of  tests  of  this  method  was  made,  for  the  purpose 
directly  in  view,  with  solutions  similar  to  those  given  in  Table  I.  In 
these  the  proportion  of  antimony  to  tin  ranged  from  20/1  to  1/20,  and 
in  every  instance  both  elements  were  recognized  without  diflGiculty.  The 
conditions  of  the  separation  are  that  the  combined  weight  of  the  two 

1  Rend.  50C.  chim.  iUU.,  4,  83  (1914). 
'  Chetn.  News,  21,  124  (1870). 
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metals  shall  not  exceed  0.3  g.,  that  for  each  o.i  g.  there  should  be 
present  5  g.  of  oxalic  acid,  and  that  the  tin  should  be  in  the  stanxHC 
form.  /These  conditions  are  readily  met  in  the  ordinary  qualitativie 
separation. 

In  the  separation,  as  ordinarily  carried  out,  H2S  is  passed  into  the  hot 
oxalic  add  solution.  Antimony  sulfide  precipitates,  of  characteristic 
color  and  easily  filtered,  and  tin  remains  in  solution.  A  reversal  of  the 
steps  was  examined  for  its  usefidness,  but  was  found  unsatisfactory. 
It  is  not  possible  to  achieve  a  sharp  separation  of  antimony  and  tin  by 
boiling  the  mixed  sulfides  with  an  oxalic  add  solution.  Either  the  tin 
does  not  completdy  dissolve  or  some  of  the  antimony  dissolves  with  i(t. 
It  was  therefore  found  necessary  to  dissolve  the  antimony-tin  mixture 
completdy  and  then  to  predpitate  the  antimony  alone.  The  steps' as 
finally  devised  will  be  described  under  the  procedure. 

Procedure. 
To  the  predpitated  sulfides  from  the  ammonium  sulfide  separatiott, 
after  having  dried  them  superfidally  dther  by  suction  or  by  pressing 
between  filter  paper,  add  exactly  10  cc.  of  concentrated  hydrochloric 
add  (sp.  gr.  1.20)  and  heat  for  ten  minutes  on  the  steam  bath.  Arsenic 
sulfide  remains  behind  and  is  removed  by  filtration  and  examined  in  th^ 
customary  manner. 

It  is  assumed  that  the  ammonium  sulfide  separation  from  the  copper  group  &as 
been  sharp  and  that  neither  me-cury  nor  copper  is  present  in  this  portion  ot  the 
material.  It  often  occurs  that  copper  dissolves  in  the  ammonium  polysulfide  (which 
shows  itself  in  the  brown  color  of  the  solution).  Sodium  sulfide  does  not  present  tins 
difficulty,  but  it  dissolves  mercuric  sulfide.  If  ammonium  polysulfide,  to*  which  ahbkt 
5%  of  NaOH  has  been  added,  is  used,  both  difficulties  are  avoided  and  a  reagent  ef 
striking  superiority  over  ammonium  polysulfide  alone  is  obtained.  To  show  this,  the 
following  mixtures  were  precipitated:  two  test  tubes  each  with  milligram-mols  of 
mercury,  tin  and  antimony;  two,  each  with  milligram-mols  of  copper,  antimony  and 
tin.  The  precipitates  were  washed  by  decantation,  and  to  one  of  the  mercury  pre- 
cipitates and  to  one  of  the  copper  precipitates  anunonitun  polysulfide,  containing 
5%  of  NaOH,  was  added.  To  the  other  two  precipitates  ammonium  polysulfide 
without  NaOH  was  added.  All  four  test  tubes  were  placed  in  boiling  water,  ifhe 
tin  group  sulfides  dissolved  immediately  in  the  solvents  containing  NaOH,  and  iti  three 
minutes  the  contents  of  the  two  tubes  consisted  of  a  clear  golden  yellow  solution  free 
from  copper  or  mercury,  and  a  jet-black,  dense  precipitate  of  the  copper  group  sulfide 
at  the  bottom  of  the  tube.  In  the  comparison  tubes,  on  the  other  hand,  the  tin  group 
had  not,  under  the  same  conditions,  dissolved  completely  after  three  hours  and,  further- 
more, the  ammonium  polysulfide  had  dissolved  an  appreciable  amotmt  of  copper. 

The  filtrate  from  the  arsenic,  which  contains  antimony  trichloride  and 
tin  tetrachloride,  is  diluted  to  a  volume  of  70  cc.  and  is  saturated  with 
H2S.  If  the  addition  of  the  H2S  takes  place  while  the  solution  is  hot, 
a  portion  of  the  antimony  will  precipitate  first  as  the  red  sulfide,  but 
on  further  addition  of  H2S,  and  as  the  solution  cools,  a  brown  to  nearly 
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black  precipitate  is  formed,  which  is  characteristic  of  tin  plus  antimony. 
With  practice,  the  intensity  of  the  coloration  may  be  made  the  basis  of  an 
estimate  of  the  relative  quantities  of  the  two  constituents.  As  soon 
as  the  formation  of  this  precipitate  is  observed,  the  introduction  of  HjS 
is  interrupted  and  the  solution  and  precipitate  are  heated  again  until  the 
excess  of  HjS  is  driven  off.  Five  cubic  centimeters  of  hydrogen  peroxide 
solution  (3%)  are  added  and  the  solution  is  heated  until  the  precipitate 
has  redissolved.  Five  to  ten  grams  of  oxalic  add  are  now  added  and  H2S 
is  again  passed  into  the  hot  solution,  which  is  allowed  to  cool  while  it  is 
being  saturated.  Antimony  sulfide  precipitates  as  a  bright  red,  easily 
filtered  precipitate,  and  is  then  collected  on  the  filter. 

The  mixed  precipitate  may  be  redissolved  by  simply  evaporating  the  soltition 
with  the  precipitate.  Upon  addition  of  HsOs  the  same  end  is  attained  without  evapon- 
tion  and  in  much  shorter  time.  A  few  drops  of  bromine  water  are  still  more  effective 
in  this  respect.  The  excess  H2S  is  best  driven  off  before  adding  these  oxidizing  ageats. 
A  large  excess  should  of  course  not  be  used,  since  it  would  decompose  the  oxalic  add 
added  later.  As  antimony  sulfide  is  to  be  precipitated  at  the  next  step,  it  is  not  neces- 
sary to  wait  for  the  last  faint  red  cloud  of  antimony  -sulfide  to  redissolve  at  this  pot 
of  the  procedure. 

The  filtrate  from  the  antimony  sulfide,  which  contains  the  tin,  or  a 
portion  of  the  filtrate  (10  cc.  is  usually  sufficient),  is  boiled  with  1-2  g. 
of  granulated  test  lead  for  two  or  three  minutes.  The  solution  is  then 
chilled  (by  nmning  water),  and  filtered  into  a  solution  of  mercuric  chloride 
In  the  presence  of  tin,  white  mercurous  chloride  is  formed. 

The  sc^ution  contains  tin  in  the  tetravalent  state.  Upon  boiling  this  with  metallic 
lead  this  is  reduced  to  stannous  tin,  which  gives  the  well-known  reaction  with  merconc 
cUoride.  Trials  in  connection  with  the  method  showed  that  it  was  reliable  with  as 
little  as  0.5  mg.  of  tii^  Some  of  the  lead  goes  into  solution  during  the  heatiDg  aad 
crystallizes  out  again  upon  ooding  (as  lead  chloride).  While  this  precipitate  is  diffotBt 
in  character  firom  the  mercurous  chloride,  errors  are  avoided  by  cooliog  the  sointioa 
first  and  filtering  from  the  lead  salt. 

Summary. 

1.  It  has  been  shown  that  when  antimony  and  tin  are  precipitated 
together,  as  sulfides,  they  form  a  characteristic  brown  precipitate  (uriiidi 
is  possibly  a  sulfantimonite  of  tin).  Within  rather  wide  limits  this  is  a 
reliable  indication  of  the  presence  of  these  two  elements. 

2.  It  was  foimd  that  the  reduction  of  stannic  compounds  to  stannous 
compounds  by  means  of  metallic  lead  could  be  carried  out  with  suflSdent 
ease  and  accuracy  to  make  it  available  as  a  method  for  the  detection 
of  tin. 

3.  A  method  for  the  qualitative  analysis  of  the  tin  group  has  becfl 
described,  which  has  proven  effective  in  use,  particularly  in  the  hands  d 
inexperienced  students,  and  which,  it  is  believed,  has  some  advantages 
in  latitude  of  conditions,  speed,  and  ease  of  manipulation. 

Ubbana.  III. 
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From  his  first  series  of  determinations  of  the  volumetric  ratio  in  which 
oxygen  and  hydrogen  combine  to  form  water,  Morley*  found  a  mean  value 
of  I  :  2.00023,  the  volumes  being  calculated  to  standard  conditions  of 
temperature  and  pressure.  In  his  experiments  the  gases  were  measured, 
saturated  with  water  vapor,  in  a  eudiometer  tube  which  was  enclosed  in 
a  water  jacket.  Scott,*  a  few  years  later,  reported  the  value  i  :  2.00285 
for  this  ratio,  the  gases  being  measured  moist  but  in  a  spherical  vessel. 
In  neither  of  these  cases  does  the  "probable  error"  of  the  mean  exceed 
one  part  in  twenty-five  thousand.  The  value  found  by  Scott  agrees 
with  the  value  which  may  be  calculated  from  Morley's  later  results  on 
the  atomic  ratio  of  oxygen  and  hydrogen,  taken  together  with  his  value 
for  the  ratio  of  the  densities  of  the  two  gases.  In  Morley's  determina- 
tion of  the  densities  the  gases  were  dried  and  measured  in  globes.  The 
difference  between  the  values  obtained  by  Scott  and  by  Morley  is  equal 
to  one  part  in  one  thousand,  or  twenty-five  times  the  value  of  the  "probable 
error'*  in  either  determination. 

In  attempting  to  accoimt  for  the  discrepancy  in  these  values,  Morley' 
suggests  that  the  shape  of  the  vessel  may,  in  some  way,  be  responsible, 
the  effect  being  due  to  the  attraction  upon  the  gas,  either  of  the  walls 
•  of  the  container  or  of  the  water  sturounding  the  vessel.  Assuming  this 
explanation  to  be  correct,  the  effect  of  the  shape  of  the  containing  vessel 
as  measured  in  the  ratio  of  the  combining  volumes  is  a  differential  one, 
and  the  effect  should  manifest  itself  in  the  case  of  at  least  one  of  the 
gases.  In  other  words,  if  the  gas  is  measured  in  a  tube,  then  transferred 
to  a  bulb,  and  placed  under  the  same  temperature  and  pressure,  the  volume 
occupied  by  the  gas  in  the  bidb  would  differ  from  that  which  it  occupied 
in  a  tube,  and  this  difference  would  amount,  in  the  case  of  one  of  the  gases, 
to  at  least  one  part  in  a  thousand. 

We  have  devised  an  apparatus  to  measture  the  volume  of  a  certain 
quantity  of  gas  contained  in  a  system  of  tubes  as  compared  with  the 
volume  occupied  by  the  same  quantity  of  gas  when  contained  in  a  bulb. 
The  tube  system  A  (see  figure)  consists  of  nine  tubes  having  a  total  length 
of  about  470  cm.  and  an  average  internal  diameter  of  6.6  mm.  To  the 
lower  side  of  the  bulb  B,  which  has  about  the  same  capacity  as  the  system 

*  Am.  J.  Sci,,  41,  220  (1891). 
«  PhU.  Trans.,  (A)  184,  543  (1893). 

'  "On  the  Densities  of  Oxygen  and  Hydrogen,  etc./'  Smithsonian  Institution^ 
X895,  p.  82. 
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of  tubes,  is  fused  a  graduated  tube  of  small  internal  diameter,  C.  The 
two  systems  are  connected  by  capillary  tubing,  which  also  connects  a 
sulfiuic  acid  manometer,  D,  on  the  other  side  of  which  is  an  elongated 
bulb,  E,  made  form  large-sized  tubing.  The  volume  of  this  bulb  is  ap- 
proximately the  same  as  either  the  tube 
system  A  or  the  bulb  B.  The  volume  of 
the  tube  was  defined  by  two  scratches  in 
the  capillary  tubing  J  and  K,  one  above 
and  one  below  the  enlarged  portion.  The 
volume  of  the  bulb  system  was  defined  at 
the  top  by  a  scratch  on  the  capillary  L, 
the  lower  Umit  being  variable  through  the 
length  of  the  graduated  tube.  Thus,  after 
careful  cahbration  it  was  possible  to  deter- 
mine the  point  on  the  graduated  tube 
which  should  limit  the  volume  of  the  bulb 
system  to  make  it  just  equal  that  of  the 
tube  system. 

The  volume  of  each  of  the  two  S3rstems 

was  determined  by  filling  with  mercury, 

then  weighing  the  amount  which  had  to 

be  drawn  off  in  order  to  lower  the  level  to 

the  lower  mark.    To  make  sure  that  there 

was  no  error  in  the  determination  of  the 

volume  due  to  a  distortion  of  the  glass  by 

the  wei^t  of  the  mercury,  the  cahbration  was  also  made  with  water. 

To  accompUsh  this  the  capillary  leading  to  the  manometer  was  cut  so 

as  to  permit  the  apparatus  being  suspended  from  the  beam  of  a  large 

balance,  from  which  the  front  and  rear  doors  had  been  removed.     The 

errors  in  the  determination  of  the  volume  by  this  method  were  much  larger 

than  when  mercury  was  used,  but  the  results  serve  to  show  that  there  is 

very  Uttle,  if  any,  distortion  by  the  mercury. 

The  method  of  comparing  the  volume  occupied  by  a  gas  in  the  two  sys- 
tems was  as  follows:  After  the  entire  apparatus  had  been  filled  with  the 
gas  to  be  measured,  the  mercury  was  admitted  through  F  until  the  bulb 
system  was  filled,  and  through  G  until  it  reached  the  lower  mark  of  the 
tube  system.  The  stopcock  H  was  then  closed  and  the  height  of  the 
sulfuric  acid  noted  by  means  of  a  small  scale  attached  to  the  manometer 
which  was  read  by  means  of  a  cathetometer.  The  mercury  was  thai  al- 
lowed to  rise  in  the  tube  system  until  it  reached  the  upper  mark  and 
the  mercury  in  the  bulb  system  was  allowed  to  fall  imtil  it  reached  a  point 
in  the  calibrated  tube  nearly  corresponding  to  the  volume  of  the  tube 
system.     The  manometer  was  then  read  and  the  merctuy  set  at  anotlxr 
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point  in  the  graduated  tube  and  the  manometer  again  read.  From  these 
two  readings  a  simple  interpolation  gave  the  point  at  which  the  mercury- 
should  have  been  set  to  give  the  pressiu-e  initially  present  in  the  tube 
system.  The  gas  was  immediately  returned  to  the  tube  system  and  the 
manometer  again  read.  In  case  this  reading  indicated  a  decided  change 
in  pressure  the  measurement  was  discarded,  but  if  only  a  small  change 
was  noted  the  mean  of  the  two  readings  was  taken  for  the  interpolation. 
A  change  in  pressure  between  the  first  and  second  readings  in  the  tube 
system  indicated,  of  coturse,  a  relative  change  in  temperatiu-e  between 
the  tube  system  and  the  bulb  E  which  would  vitiate  the  result. 

For  the  first  series  of  measurements  the  entire  apparatus,  with  the  ex- 
ception of  the  leveling  bulbs,  was  enclosed  in  a  box  with  a  glass  door. 
The  case  also  contained  a  motor-driven  fan  which  provided  a  rapid  cir- 
culation of  air.  Thus  while  it  was  not  possible  to  maintain  a  constant 
tenjperatiu-e  during  the  transfer  of  the  gas,  the  results  were  not  affected, 
since  the  temperature  of  E  changed  with  that  of  the  bulb  and  tube  system. 
Four  series  were  run,  air  and  hydrogen  both  being  used  dry  as  well  as 
saturated  with  water  vapor.  While  sHght  differences  in  volume  were 
noted  in  the  two  systems  the  largest  mean  is  less  than  one  part  in  ten 
thousand,  which  is  the  order  of  our  experimental  error  and  could  not  ex- 
plain the  disagreement  referred  to  above. 

Following  a  suggestion  of  Professor  Morley*  that  the  abnormality 
might  be  due  to  the  attraction  of  the  water  which  surrounded  his  eudiom- 
eter tube,  we  enclosed  both  oiu-  systems  in  a  water  jacket.  This  was 
made  of  wood,  with  glass  front  and  back,  the  bottom  being  made  in 
two  parts  to  allow  the  setting  in  place  of  the  glass  apparatus.  For  setting 
the  glass,  as  well  as  making  the  other  joints  water  tight,  we  found  a  mixture 
of  equal  parts  of  rubber  and  rosin,  melted  together,  very  satisfactory. 
Where  greater  strength  is  required  the  amount  of  rubber  is  decreased. 
The  box  when  finished  had  a  capacity  of  about  twenty  liters,  so  that  when 
filled  with  water  it  could  be  maintained  at  a  very  constant  temperature. 
The  bulb  E  was  also  surrounded  with  water  contained  in  a  two-liter 
Dewar  flask.  As  would  be  expected,  the  individual  determinations  do 
not  vary  as  far  from  the  mean  as  in  the  first  series.  It  may  be  seen  from 
the  results  of  this  series  that  any  difference  in  volume  which  may  be  in- 
dicated is  not  larger  than  one  part  in  20,000.  The  small  differences  in 
volume  which  are  shown  by  the  results  may  be  due  to  small  bubbles  of 
air  which  remained  between  the  merciny  and  the  glass  when  the  level 
of  the  former  was  raised,  and  which  were  so  small  or  so  placed  as  to  es- 
cape detection.  The  gases  used  were  not  carefully  purified  as  it  was 
assiuned  that  the  small  amounts  of  impurities  which  might  be  present 
would  have  no  bearing  on  the  effect  which  we  were  attempting  to  measure. 
*  Private  communication. 
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Experimental. 

Calibration  op  the  Two  Systbms,  Volumes  Calculatbd  to  20*. 

Tube  system  measured 
with  water. 

178.498  CC. 


Tube  system  measured 
with  mercury. 


178.515 
178.507 

Mean,      178.507  cc. 

Bulb  svstem  measured 

with  water  to 

calibration  0.400. 


Mean, 


Bulb  system  measured 
with  mercury  to 
calibration  0.400. 


178.509  CC. 
178.511 

178.510  C3C 


Bulb  sTStei 

with  mercury  to 
calibration  1.658. 


178. 115  CC. 
178.128 

Mean,      178. 121  cc. 


178. 119  CC.  179,37800. 

Volume  to  zero  Volume  to  zero 

on  scale,  177 .719  cc.      on  scale. 


177.720  CO. 


The  tube  system  was  accidentally  broken  before  the  last  two  sets^d 
determinations  had  been  made,  which  necessitated  a  new  calibration  of 
this  part  after  the  apparatus  had  been  repaired.  This  was  done  with 
mercury  and  gave  the  value  178.586  cc. 

COICPARISON  OP  VOLUMBS,  APPARATUS  m  AXR. 


Dry  Air. 

Vol.  in  tubes.      Vol.  in  bulb. 

Dlff. 

178.510  CO.      178.50700. 

— 0.003  CO, 

178.503 

— 0.007 

178.500 

— O.OIO 

178.501 

— 0.009 

178.506 

— 0.004 

178.501 

— 0.009 

178.490 

— 0.020 

178.515 

-fo.005 

178.002 

—0.008 

178.515 

+0.005 

Vol.  in  tubes. 
178.510  CO. 


Dry  Hydrogen. 
Vol.  In  bulb. 
178.492  CO.     — I 
178.505  — ^ 

178.500  — I 

178.494    — 
178.490 

178.519 
178.513 
178.513 
178.505 
178.502 


DiS. 
— 0.018  CC 

— o.oos 

— O.OIO 

— 0.016 
— 0.020 
+0.009 
+0.003 

+O.OQ3 

— 0.005 

+0.008 


Mean,  1 78 .  504  cc 


.006  cc. 


Air,  Saturated  with  Water  Vapor. 


VoL  In  tubes. 

VoL  in  bulb. 

Dlif. 

178.51000. 

178.508  CO. 

— 0.002  CC. 

178.496 

— 0.014 

178.488 

— 0.022 

178.489 

— 0.021 

178.506 

— 0.004 

178.484 

— 0.026 

178.494 

— 0.016 

178.496 

— 0.014 

178.512 

+0.002 

Mean, 

178.497  cc. 

— 0.013  CO. 

Mean,      178.50300. 

— 0.007  CC 

[ydrogen.  Saturated  with  Water  Vapor. 

Vol.  in  tubes.      VoL  In  bulb. 

Diff. 

178.51000.      178.508  CC 

O.OQ2CC 

178.498 

0.012 

178.506 

—0.004 

178.492 

0.018 

178.505 

-^.005 

178.498 

0.012 

178.494 

0.016 

Mean, 


178.500  CC 


.010  cc 
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Gas,  Dry  Oxygen. 

Dry  Hydrogen 

Vol.  in  tubes. 

Vol.  in  bulb. 

Diff. 

Vol. 

in  tubes. 

Vol.  in  bulb. 

Diff. 

178.510  cc. 

178.509  cc. 

— o.ooi  cc. 

178 

.510  CC. 

178.509  CC- 

— O.OOI  CC 

178.507 

—0.003 

178.514 

+0.004 

178.515 

+0.005 

178.523 

+0.013 

178. 511 

+0.001 

178.518 

+0.008 

178.518 

+0.008 

178.520 

+0.010 

178.512 

+0.002 

Mean, 

178.518 

+0.008 

Mean, 

178.512  cc. 

+0.002  cc. 

178.517  cc. 

+0.007  CC. 

Oxygen,  Saturated  with  Water  Vapor. 

Hydrogen,  Saturated  with  Water  Vapor. 

Vol.  in  tubes. 

Vol.  in  bulb. 

Diff. 

VoL  in  tubes. 

Vol.  in  bulb. 

Diff. 

178.586  cc. 

178.599  CC. 

+0.013  cc. 

178.586  cc. 

178.594  CC. 

+0.008  CC. 

178.591 

+0.005 

178.595 

+0.009 

178.586 

+0.000 

178.601 

+O.OI5 

178.597 

+O.OII 

178.585 

— O.OOI 

178.590 

+0.004 

178.599 
178.576 

+0.013 

"""O.OIO 

Mean, 

178.592  CC. 

+0.006  cc. 

178.602 

+0.016 

Mean,  178.593  cc.     +0.007  cc. 

Summary. 

We  have  compared  the  volume  occupied  by  a  gas  in  a  system  of  tubes 
with  that  which  it  occupies  in  a  bulb,  in  an  effort  to  explain  the  difference 
in  the  volumetric  ratio  of  hydrogen  to  oxygen  in  water  as  determined  by 
Morley  and  by  Scott.  We  have  shown  that  there  is  no  difference  in  volume 
larger  than  one  part  in  ten  thousand,  whereas  the  two  determinations  re- 
ferred to  differ  by  one  part  in  one  thousand. 

Ukbana,  Iu.. 


THE  DENSITY  OF  AQUEOUS  SOLUTIONS  OF  COPPER  SXTLFATE 
AND  SULFURIC  ACID. 

Bt  H.  D.  Hou.br  and  B.  L.  TnmR.^ 
Received  March  25.  1916. 

L  mXRODUCTIOW. 

In  connection  with  an  investigation  on  the  regulation  of  solutions  for 
electrodeposition,  especially  of  add  copper  sulfate  solutions  for  electro- 
-typing,  it  was  found  desirable  to  devise  a  simple  method  of  determining 
and  adjusting  their  composition.  Since  the  solutions  usually  employed 
for  the  above  piupose  contain  only  copper  sulfate  and  sulfuric  acid,  the 
oomposition  of  any  given  solution  is  fixed  if  the  add  content  and  density 
at  a  given  temperature  are  known.  The  density  can  be  readily  determined 
vrith  a  hydrometer,  and  the  addity  can  be  ascertained  with  sufi&dent 

^  Published  by  permission  of  the  Director  of  the  Bureau  of  Standards. 


Digitized  by 


Google 


I022  H.  D.  HOLLER  AND  B.  L.  PEPPER. 

accuracy  by  titration-  with  standard  alkali,  using  methyl  orange  as  indica- 
tor, as  described  by  Wogrinz.^  In  order,  therefore,  to  learn  the  content 
of  copper  sulfate,  all  that  is  required  is  a  table  showing  the  density  d 
solutions  containing  known  amotmts  of  copper  sulfate  and  of  sulfuric 
add. 

Although  the  densities  of  solutions  of  copper  sulfate  and  of  sulfuric 
acid  have  been  determined  separately,  no  systematic  study  of  the  densities 
of  solutions  containing  both  could  be  foimd  in  the  Uterature.  Only  in 
isolated  cases  were  such  data  given  concerning  certain  baths,  such  as 
those  recommended  by  Kanhauser,*  Langbein-Brannt,'  Steinach  and 
Buchner,*  and  others. 

The  concentration  of  solutions  containing  both  copper  sulfate  and 
sulfuric  acid  is  limited  by  the  fact  that  addition  of  sulfiuic  add  to  copper 
sulfate  solution  causes  a  marked  decrease  in  the  solubility  of  the  copper 
sulfate.  Thus,  while  395  g.  of  crystallized  copper  sulfate  is  contained  in 
I  liter  of  the  sattu-ated  solution  at  15°  the  addition  of  100  g.  per  liter 
of  sulfuric  add  reduces  the  solubility  of  the  copper  sulfate  to  215  g.  per 
liter.  Since  in  any  practical  work  it  is  necessary  to  use  solutions  somewhat 
removed  from  the  saturation  point,  the  actual  fidd  is  probably  induded 
in  the  range  of  o  to  20%  of  each  of  the  constituents.  Such  solutions, 
therefore,  formed  the  basis  of  this  investigation.  The  temperature 
range  of  25®  to  40®  was  selected  as  induding  the  normal  temperature 
employed  in  most  copper  plating  or  refining  operations.  Doubtless  the 
expansion  coeffidents  determined  from  such  data  will  permit  extrapolation 
over  a  moderate  range  above  and  below  the  temperatiu-e  used. 

IL  METHOD  OP  INVBSTI6ATI0N. 
I.  Preparation  of  Solutions. 

In  order  to  avoid  the  influence  of  temperatiure  in  the  preparation  of  the 
solutions,  they  were  all  made  of  a  known  composition  by  weight,  ex- 
pressed in  g.  of  each  constituent  per  kg.  of  solution.  They  were  prepared 
in  duplicate  by  mixing  accurately  weighed  portions  of  water  and  of  stand- 
ardized concentrated  solutions  of  copper  sulfate  and  of  sulfuric  add. 

The  stock  sulfuric  acid  solution  was  prepared  by  diluting  C.  P.  add  to 
about  12  normal  with  distilled  water,  and  was  standardized  by  the  barium 
sulfate  method  with  the  usual  precautions.  It  was  also  compared  with  a 
hydrochloric  add  solution,  standardized  by  silver  chloride  precipitatian, 
through  a  solution  of  sodium  hydroxide,  using  methyl  orange  as  indicator. 

The  concentration  of  the  sulfuric  acid  solution  as  determined  by  the 
barimn  sulfate  method  agreed  with  that  obtained  by  comparison  with  the 

1  Chem.  Ztg.,  37,  869  (1913). 

'  "Die  Galvanoplastik/'  1904,  p.  37-38. 

•  "Electrodeposition  of  Metals,"  7th  ed.,  1913,  p.  574-575,  590. 

^  "Die  Galvanische  Metallniederschlage/'  19x1,  p.  160-161. 
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standard  hydrochloric  add  solution  to  within  about  i  part  in  1500. 
Weight  burets  were  used,  the  individual  titrations  agreeing  to  within 
less  than  i  part  in  2000. 

The  solution  of  copper  sulfate  was  prepared  from  recrystallized  salt, 
which  gave  a  perfectly  dear  solution.  The  concentration  of  copper 
sulfate  (CUSO4.5H2G)  was  calculated  from  the  copper  content  determined 
dectrol3rtically,  the  greatest  difference  between  any  two  results  being  i 
part  in  3000.  Complete  removal  of  copper  from  the  dectrolyte  was 
conlSrmed  by  testing  with  K4Fe(CN)6. 

2.  Density  DeterminatioiL 

Method  of  Determination. — The  density  measurements  were  made 
by  the  method  of  hydrostatic  wdghing,  i.  e,y  by  wdghing  in  the  sample 
imder  investigation  a  sinker  of  known  mass  and  volume.  The  density^ 
of  the  liquid  is  then  calculated  by  means  of  the  equation 

(W  —  Wi)   +  {W  —  W2)l 


W 


<-fJ 


V, 


in  which 


D|  =  Density  at  temp,  t 
W  =  Mass  of  sinker  in  vacuo 
w  =  Weighings  with  sinker  off 
W\  and  vh  =  Weighings  with  sinker  on 
p  =  Air  density 
8.4  =  Assumed  density  of  brass  weights 
V|  =  Volmne  of  sinker  at  temp,  t 
Apparatus  Used. — ^The  apparatus  used  is  described  in  detail  in  Bureau 
publications.*    A  short  description  of  the  apparatus  is  given  as  follows: 
The  densimeter  tube  (about  45  cm.  long  and  2.5  cm.  in  diameter) 
containing  the  sample  is  placed  in  a  water  bath  which  is  kept  in  constant 
circulation.    This  bath  is  siurounded  by  another,  also  in  circulation, 
the  temperature  of  which  is  regulated  by  means  of  an  electric  heating 
coil  and  a  brine  cooling  cofl.    The  temperature  of  the  inner  bath  is  de- 
termined by  the  use  of  two  mercury  thermometers.    The  large  sinker 
having  a  length  of  approximately  33  cm.  and  diameter  of  1.3  cm.  is  at- 
tached below  a  small  sinker  and  both  are  suspended  by  means  of  a  wire 
from  one  arm  of  a  sensitive  balance.     The  small  sinker  which  is  in  the 
liquid  at  all  times  serves  the  pturpose  of  keeping  the  suspension  wire  taut 
and  in  position,  and  thus  the  effect  of  surface  tension  is  eUminated. 

^  Throughout  this  paper  the  tenn  "density"  is  used  to  denote  mass  per  imit  voltune 
and  is  here  expressed  in  grams  per  milliliter.  The  densities  are  therefore  ntunerically 
tlie  same  as  specific  gravities  in  terms  of  water  at  4°  as  unity. 

'  Technologic  Paper  No.  9  (1912)  and  Bureau  of  Standards  Btdh  9%  371-378 
(1913). 
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Method  of  Making  Observations. — ^After  sufficient  time  has  elapsed 
for  attaining  temperature  equilibriiun  at  the  desired  temperature,  the 
first  weighing  is  made  with  the  large  sinker  attached  and  the  temperature 
is  immediately  read  from  each  of  the  thermometers.  Then  the  second 
weighing  is  made  with  the  large  sinker  detached  from  the  small  sinker. 
In  order  to  obviate  any  correction  for  a  possible  change  in  temperature 
the  first  weighing  is  repeated  and  the  thermometers  re-read.  The  average 
of  the  temperatures  at  the  two  weighings  is  taken  as  the  true  temperature. 
The  difference  between  the  mean  of  these  two  weighings  and  the  second 
weighing  is  the  apparent  weight  of  the  large  sinker  in  the  sample  at  the 
given  temperature.  After  completing  the  observations  at  one  point, 
the  temperattu-e  is  changed  to  the  next  and  the  process  is  repeated  in  the 
same  order. 

m.  RBSULTS  OP  mVSSTIOATION. 

The  results  of  the  density  determinations  and  composition  of  the  sampks 
are  shown  in  Table  I. 

Tabids  I. 
Density  of  Copper  Sulfate — Sulfuric  Add  Solutions. 


CuS04.5HtO,  CuSOt. 


g./kg. 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

150 
150 
150 
150 


g./kg. 
31.97 
31.97 
31.97 
31.97 
31.97 
31.97 
31.97 
31.97 
31.97 
31. 97 
63.94 
63.94 
63.94 
63.94 
63.94 
63.94 
63.94 
63.94 
63.94 
63.94 
95.91 
95.91 
95.91 
95.91 


g/kg. 
O 
O 

50 

50 

100 

100 

150 
150 
200 
200 

o 
o 

50 

so 

100 
100 

150 
150 
200 
200 

o 
o 

50 
50 


Density,  1 
25«. 

1. 03044 

I. 03017 

1.06297 

1.06309 

1.09843 
1.09843 

I  13552 
I . 13546 
I. 1742 I 
I.17412 
1.06454 
1.06456 

1 .09835 
1.09833 
I. 13497 
I . 13499 

I. I 7367 
I. 17366 

I. 21399 
I. 2 1395 
I. 10062 
I. 10064 

I  .  13555 
I . 13553 


Meui 

density, 
25*. 

1. 03016 


1.06303 
1.09843 
I . 13549 
I.17416 

1.06455 
1.09834 
I . 13498 
I . 17366 
I. 2 1397 
I. 10063 
I . 13554 


Density. 
40V 

1.02489 
1.02488 

I .05637 
I .05639 
1.09060 
1.09060 
I. 12669 
I . 12667 
I ■ 16453 
I. 16452 
I. 05871 
1.05874 
1.09097 
1.09097 
I . 12642 
I . 12656 
I.16417 
I . 16420 

1.20379 
I. 2037 I 
1.09428 
I. 09431 
I. 12765 
I . 12764 


Mean 

density, 
40». 

1.02488 
I .05638 
1.09060 
I. 12668 
I . 16452 
1.05872 

1.09097 
I . 12649 
I . 16418 

1.20375 
1.09430 
I. 12764 


00035 


00044 


00052 


00059 


00064 


00039 


00049 


00057 


000613 


00068 


00042 


00053 


^  All  densities  here  tabulated  are  expressed  in  srams  per  milliliter. 
•  Change  in  density  per  degree  rise  in  temperature. 
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Cii804.5HsO.  CUSO4. 
g.A«.         g./kg. 


150 
150 
150 
150 
150 
150 
200 
200 
200 
200 
200 
200 
200 
200 


95.91 
95.91 
95.91 
95.91 
95.91 
95.91 
127.9 
127.9 
127.9 
127.9 

127.9 
127.9 

127.9 
127.9 


HtSO«, 

g.Ag. 

100 
100 
150 
150 
200 
200 
o 
o 

50 
50 

100 

100 

150 
150 


Density, 
25*. 


Tabls  I  (conUntted), 

Mean 

density, 

25  ». 


Density, 
40". 


Mean 

density, 
40». 


I. 17366 
I.17361 
I. 2 1392 
I. 2 1394 


I. 13833 
I . 13835 

1 

1.17485 
I. 21449 
I. 21447 


I. 17364 

I. 2 1393 

I . 13834 
I  17485 
I. 21448 


I . 16457 
I. 16453 

I. 2039 I 
I . 20396 
1.24528 
I. 24518 
I. 13 152 
I.I3154 

I . 16638 
1.20476 

X. 20475 

1.24579 
I. 24571 


I . 16455 

— 0.00061 

1.20394 

— 0.00067 

1.24523 

... 

I.I3I53 

— 0.00045 

I. 16638 

— 0.00056 

1.20476 

— 0.00065 

1.24575 

... 

In  Table  I  the  composition  of  the  solutions  is  expressedin  g.  of  CUSO4.5HSO 
per  kg.  of  solution.    The  concentration  in  g.  per  liter  may  be  readily 

Tabls  II. 
Showing  the  Relation  Between  Total  Ccmcentration  and  Density. 


Total  coBcentiationf 
g./kg. 

CuS04.5H>0. 

g./kg. 

HtSO, 

g./kg. 

Density, 
25  V 

50 

0 

50 

1.0300 

50 

0 

I .0302 

100 

0 

50 

100 

100 

50 

0 

1.0640 
1.0630 
1.0646 

150 

0 

50 

100 

150 

150 

100 

50 

0 

1.0994 
1.0984 
1.0983 
I. 1006 

200 

0 

200 

I . 1365 

50 

150 

1. 1355 

100 

100 

1 . 1350 

150 
200 

50 
0 

I . 1355 
I . 1383 

250 

0 

50 

100 

150 

250 
200 
150 
100 

I.175X 
I. 1742 
I . 1737 
I . 1736 

200 

50 

I    1749 

300 

0 

300 

I. 2150 

100 

200 

I. 2140 

150 

150 

I. 2139 

200 

100 

1.2145 

>  Solutions  of  these  compositions  do  not  exist  at  25  *. 
*  Sample  lost  by  breakage  of  the  container. 
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•obtained  by  multiplying  the  above  concentrations  in  g 
"Corresponding  densities.  In  each  case  density  determine 
upon  dupUcate  solutions,  and  these  results  are  seen  to  ag 
to  somewhat  better  than  i  in  the  fourth  decimal  place, 
-data  for  25°  and  40**,  respectively,  the  thermal  densi 
has  been  calculated,  which  may  be  defined  as  the  chanj 
ways  negative)  for  an  increase  in  temperature  of  i  ^. 
The  above  results  are  shown  graphically  in  Fig.  i,  whi 
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Fig.  I. — Density  of  copi>er  sulphate-sulphuric  acid  sol 
O  —  sulphuric  acid  constant. 
X  —  copper  sulphate  constant. 
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eflFect  upon  the  density  of  additions  of  copper  sulfate  to  sulfmic  acid 
solutions  and  of  sulfuric  add  to  copper  sulfate  solutions.  The  curves  for 
sulftuic  add  solutions  are  derived  from  the  data  of  Donke  as  given  in 
Landolt  and  B5mstdn,  fourth  edition  (19 12).  The  dose  agreement 
between  the  densities  of  solutions  of  the  same  total  concentration,  showu 
in  Table  II  is  illustrated  in  Fig.  i.  The  curves  passing  through  the 
drdes  show  the  change  in  density  produced  by  the  addition  of  copper 
sulfate  to  solutions  containing  a  definite  amount  of  sulfuric  acid  per  kg. 
of  solution.  Those  through  the  crosses  show  the  change  in  density  pro- 
duced by  the  addition  of  sulfuric  add  to  solutions  containing  a  definite 
amount  of  copper  sulfate  per  kg.  of  solution,  the  total  concentration  in 
each  case  being  the  same  as  for  the  corresponding  curve  through  the 
drdes. 

Example. — In  the  case  of  the  curves  marked  50  g./kg.,  the  one  passing^ 
through  the  cirdes  shows  the  change  in  density  produced  by  the  addition 
of  definite  amotmts  (50,  100,  150,  200  g.)  of  copper  sulfate  to  a  solution 
containing  50  g.  of  sulfuric  add  per  kg.  of  solution,  and  the  one  passings 

Table  III. 
Total  Concentration  of  Solutions  of  Given  Density. 

25*0.  40»C. 


Density. 

CuS04.5Hi0  +  HsS04. 
«./l. 

Density. 

CuS04.5H«0  +  HtS04. 

1. 01 

20 

1. 01 

26 

1.02 

36 

1.02 

43 

1.03 

52 

1.03 

60 

1.04 

68 

1.04 

76 

1.05 

84 

1.05 

93 

1.06 

100 

1.06 

no 

1.07 

117 

1.07 

127 

1.08 

133 

1.08 

144 

1.09 

150 

1.09 

161 

I.IO 

166 

l.IO 

178 

I. II 

183 

I. II 

195 

1. 12 

200 

1. 12 

212 

1. 13 

217 

1. 13 

229 

1. 14 

234 

1. 14 

247 

1.15 

251 

1. 15 

265 

1. 16 

268 

1. 16 

282 

1. 17 

286 

1. 17 

300 

1. 18 

303 

1. 18 

318 

1. 19 

321 

1. 19 

336 

1.20 

339 

1.20 

354 

I. 21 

357 

1. 21 

372 

1.22 

375 

1.22 

390 

1.23 

393 

1.23 

408 

1.24 

427 
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through  the  crosses  shows  the  change  ia  density  produced  by  the  additkn 
of  the  same  definite  amounts  of  sulfuric  add  to  a  solution  containing  50 
g.  of  copper  sulfate  per  kg.  of  solution. 
From  the  above  tables  and  curves  it  may  be  seen  that: 

1.  Within  the  range  studied,  the  density  of  copper  sulfate-stdfaric 
acid  solutions  is  approximately  a  linear  ftmction  of  the  concentration. 

2.  The  density  of  solutions  of  equal  (not  equivalent)  concentrations 
of  copper  sulfate  (CUSO4.5H2O)  and  of  sulfuric  acid  is  nearly  identical 
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Fig.  2. — Density  of  solutions  of  total  concentration  of  copper  sulphate  plus  sulphunc 

acid. 


Digitized  by 


Google 


RELATION  OF  OSMOSE  TO  MEBIBRANE  POTENTIAI^.  1029 

3.  As  a  natural  consequence  of  the  conclusions  noted  in  (i)  and  (2), 
a  curious  relation  was  found  to  exist,  i,  e.,  that  the  density  of  solutions 
containing  appreciable  amounts  of  each  constituent  is  dependent  principally 
upon  the  total  concentration  of  the  two  solutes^  and  is  ahnost  independent 
of  their  proportion.  (See  Table  II.)  Thus,  a  solution  containing  50  g. 
per  kg.  of  copper  sulfate  and  150  of  sulfuric  acid  has  practically  the  same 
density  (1.1355)  as  has  a  solution  containing  100  g.  per  kg.  of  copper 
sulfate  and  100  of  sulfuric  acid  (1.1350).  This  simple  relation,  which  is 
apparently  only  a  mathematical  coincidence,  has  been  used  as  the  basis 
for  the  curve  shown  in  Fig.  2  in  which  the  total  concentration,  in  g.  per 
liter,  ^  of  copper  sulfate  plus  sulfuric  add  is  plotted  against  the  density, 
yielding  an  almost  straight  line.  The  application  of  such  a  curve,  or  of 
the  table  derived  from  it  (Table  III)  in  determining  the  composition  of 
unknown  solutions,  is  obvious,  involving  only  a  determination  of  the 
density  and  acidity,  the  latter  then  being  deduced  from  the  total  con- 
centration corresponding  to  the  observed  density,  to  obtain  the  copper 
sulfate  concentration. 

Details  of  the  application  of  this  table  in  the  regulation  of  electrolytic 
copper  baths  will  be  given  in  the  second  edition  of  Bureau  of  Standards 
Circular  52. 

In  conclusion,  the  authors  desire  to  acknowledge  their  indebtedness  to 
Dr.  William  Blum  and  Mr.  H.  W.  Bearce  under  whose  direction  this  in- 
vestigation was  made. 

Wasbinoton,  November  27,  1915. 
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THE  RELATION  OF  OSMOSE  OF  SOLUTIONS  OF  ELECTRO- 
LYTES TO  MEMBRANE  POTENTIALS.    THEORETICAL. 

By  F.  B.  Bartbll  and  C.  D.  Hocksr. 
Received  February  28.  1916. 

The  fact  that  the  osmose  of  solutions  of  electrolytes  shows  a  dose  re- 
lationship to  the  differences  of  potential,  which  have  been  fotmd  to  exist 
between  the  two  faces  of  membranes  separating  such  solutions  from  water, 
lends  support  to  the  theory  that  the  osmose  of  such  solutions  is  largely  de- 
pendent upon  the  electrical  condition  of  the  membrane  in  question.  In 
attempting  to  explain  the  osmose  of  salt  solutions  by  an  electrical  theory 
similar  to  that  used  to  account  for  electric  osmose,  two  determining 
factors  must  be  considered:  (i)  the  electric  charge  of  the  membrane  ma- 

^  Obviously,  the  above  relation  exists  whether  the  concentration  is  expressed  in 
S^.  per  kg.  or  g.  per  liter.  The  data  shown  in  Pig.  2  and  Table  III  have  been  calculated 
to  g.  per  liter  since  the  results  of  the  analysis  of  solutions  are  usually  expressed  in  that 
form. 


Digitized  by  VjOOQIE 


I030  F.   9.   BART^I^L  AND  C.  D.  HOCKER. 

terial  with  respect  to  the  liquid  layer  along  the  capillary  tubes  of  the  mem- 
brane (i.  e.,  the  value  of  the  electrical  double  layer  existing  between  the 
membrane  and  solution),  and  (2)  the  polarization  of  the  membrane  {i.  e., 
the  difference  of  potential  existing  between  the  two  faces  of  the  mem- 
brane). 

Cohen^  was  led  to  the  conclusion  that  a  substance  having  a  lower  di- 
electric constant  than  the  liquid  in  which  it  is  placed  assumes  a  negative 
charge.  Porcelain,  then,  placed  in  water  woidd  bear  a  negative  charge 
and  the  outer  layer  of  water  the  corresponding  positive  charge.  The 
value  of  this  charge  is  materially  altered  by  traces  of  adds  or  alkalies. 
Perrin*  concluded  that  a  concentration  of  o.oooooi  M  acid  or  alkali  is 
great  enough  to  determine  the  sign  of  the  charge  of  such  a  membrane  as 
porous  chromium  chloride.  He  sug$;ested  that  a  dose  analogy  exists 
between  the  effect  of  ions  on  the  charge  of  the  membrane  and  the  predpi- 
tative  power  of  ions  for  colloids.  Both  are  generally  believed  to  be  due 
to  an  alteration  of  the  charge  of  the  solid  phase  by  adsorption  of  the 
charged  ions. 

Undoubtedly,  then,  the  sign  of  the  charge  on  the  membrane  is  influ- 
enced by  the  relative  adsorption  of  the  cation  and  anion  from  the  solu- 
tion of  the  dectrolyte  with  which  the  membrane  comes  in  contact.  Ban- 
croft* has  been  led  to  the  conclusion  that  adsorption  is  a  specific  process, 
the  neutralization  of  the  charge  on  a  given  colloid  depending  on  the  nature 
of  the  colloid,  and  upon  the  nature  of  both  cation  and  anion.  These  con- 
siderations throw  some  doubt  on  the  generally  recognized  belief  that 
hydrogen  and  hydroxide  ions  are  always  adsorbed  more  than  other  ions, 
and  hardly  justifies  the  view  hdd  by  Perrin*  and  Girard'  that  the  sign 
of  the  charge  of  a  body  in  media  of  various  electrolytes  is  always  attribu- 
table to  a  small  preponderance  of  H  or  OH  ions. 

Although  the  porcelain  membranes  used  in  this  work  probably  cannot 
be  termed  true  colloidal  substances,  a  dose  analogy  is  not  essential  to  the 
conception  of  their  contact  electrification  in  water  or  solutions.  The 
fundamental  ideas  used  here  to  explain  the  tmusual  osmotic  effects  ob- 
served has  as  its  basis  the  contact  dectrification  of  the  porcelain.  That 
the  porcdain  used  in  the  osmotic  experiments  actually  carries  a  negative 
charge  has  been  shown  condusivdy  by  the  tmpublished  researches  car- 
ried out  in  this  laboratory.  In  neutral  solution,  imder  stress  of  potential, 
partides  of  the  porcdain  finely  ground  have  been  foimd  to  move  toward 
the  anode  as  though  charged  negativdy.  When  suspended  in  very  dilute 
nitric  add  they  still  migrate  as  though  charged  negativdy,   but  with  a 

1  Wied,  Ann.,  64,  217  (1898). 

*  /.  chim.  phys,,  a,  601  (1904). 

'  /.  Phys.  Chem.,  19,  394  (1915). 

*  Compt.  rend.,  136,  1447  (1903). 
» Ibid.,  146,  927  (1908). 


Digitized  by  VjOOQIC 


RELATION  OF  OSMOSE  TO  MEMBRANE  POTENTIALS.  IO31 

smaller  velocity.  The  velocity  at  which  they  migrate  becomes  smaller 
and  smaller  as  the  concentration  of  the  add  is  increased,  tmtil  at  a  con- 
centration of  about  (0.002  M  they  reach  a  turning  point,  after  which 
they  move  in  the  opposite  direction.  It  is  interesting  to  note,  however, 
that  the  velocity  after  the  reversal  does  not  increase  nearly  so  rapidly 
with  the  increase  in  the  concentration  of  the  acid  as  the  velocity  in  the 
opposite  direction  decreases  before  the  reversal.  This  is  probably  due 
to  conduction  taking  place  through  the  medium  of  the  add  rather  than 
by  migration  of  these  partides.  The  velodty  of  migration  of  these  parti- 
cles can  hardly  be  considered  as  a  measure  of  the  charge  they  carry  when 
the  concentration  of  the  electrolyte  becomes  very  great,  but  this  velodty 
is  probably  a  measure  of  what  the  electric  osmose  would  be  if  the  por- 
celain were  in  a  fixed  position  as  a  membrane.  Neither  can  it  be  stated 
with  certainty  that  the  turning  point  in  the  charge  of  the  membrane 
would  be  at  exactly  the  same  concentration  of  add  as  the  turning  point 
of  these  porcelain  particles. 

To  sum  up  the  above  considerations:  Porcdain  immersed  in  water 
bears  a  negative  charge,  and  the  layer  of  water  immediatdy  adjacent, 
the  corresponding  positive  charge.  The  sign  of  the  charge  of  the  mem- 
brane in  solutions  of  electrolytes  is  influenced  by  sdective  adsorption 
of  the  ions.  There  are  many  cases  which  indicate  that  adsorption  is  spe- 
cific and  not  rigorously  a  function  of  the  valence  of  the  ions;  and  also 
that  other  cations  may  be  as  strongly  adsorbed  as  the  hydrion.  In  the 
light  of  these  facts  is  does  not  seem  unreasonable  to  assume  that  ions 
other  than  H  and  OH  may  be  considered  effective  in  determining  the  sign 
of  the  membrane;  and  further,  that  cations  for  which  the  porcelain  shows 
a  strong  preferential  adsorption  may  decrease  the  magnitude  of  the 
negative  charge  assumed  by  the  membrane  when  immersed  in  water, 
or  may  even  reverse  the  electrical  sign  of  the  membrane. 

If  adsorption  is  considered  as  instrumental  in  determining  the  charge 

that  the  membrane  assumes  with  respect  to  the  movable  water  layer, 

then  the  possible  effect  of  adsorption  on  the  orientation  of  the  membrane 

tnust  also  be  considered.     If  there  is  a  strong  tendency  for  a  selective 

a,dsorption  of  one  of  the  ions,   the  end  of  the  membrane  in  contact  with 

the  solution  of  the  electrol)rte  would  have  more  opportunity  to  become 

oharged  with  electricity  of  the  kind  carried  by  that  ion  than  the  face  of 

tlie  membrane  in  contact  with  water  or  a  much  more  dilute  solution. 

In  the  case  of  a  salt  for  which  there  is  a  selective  adsorption  of  the  cation 

ttie  membrane  potential  would  be  increased  above  that  of  the  contact 

potential  provided  the  anion  is  more  rapidly  moving,  and  decreased  if 

the  cation  is  the  more  rapidly  moving.     Conversely,  for  a  salt  in  which 

the  anion  is  the  more  strongly  adsorbed,  the  membrane  potential  would 

he  greater  than  Nemst's  formula  demands  provided  the  cation  is  the  more 
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rapidly  moving,  and  less  if  the^anion  has  the  greater  velocity.  This  spec- 
ulation leaves  unsettled  the  question  whether  it  is  possible  to  think  of 
the  migration  velocities  of  the  ions  as  being  independent  of  the  amount 
of  adsorption  which  the  ions  undergo,  or  of  being  independent  of  the  con- 
comitant charge  of  the  water  layer  along  the  capillary  spaces  of  the  mem- 
brane. 

The  Assumptions  Used  in  this  Paper  to  Explain  the  Osmotic  Effects 
Observed. — In  the  light  of  the  above  theoretical  considerations,  experi- 
mental evidences  seem  to  point  to  certain  assumptions  as  the  most  reason- 
able to  explain  the  osmotic  effects  observed.  The  assumptions  used  as  a 
working  basis  in  this  paper  are  stunmed  up  in  the  following: 

(i)  The  abnormal  osmose  is  due  primarily  to  an  electrical  effect  and  is 
analogous  to  electric  osmose. 

(2)  This  osmose  is  brought  about  by  the  passage  of  a  charged  liquid 
layer  along  the  capillary  tubes  of  the  membrane.  The  passage  of  this- 
liquid  layer  is  caused  by  the  driving  force  of  a  difference  of  potential 
which  acts  as  though  it  were  set  up  between  the  two  faces  of  the  mem- 
brane. 

(3)  The  charge  on  the  membrane — and  hence,  the  charge  on  the  liquid 
layer — ^may  be  modified  or  the  sign  may  even  be  reversed  by  selective 
adsorption  of  the  ions  of  electrolytes;  and  other  ions  than  H  and  OH 
may  materially  affect  the  charge  on  the  membrane. 

(4)  The  difference  of  potential,  which  seems  to  act  between  the  two 
faces  of  the  membrane  is  primarily  due  to  contact  electrification,  the 
magnitude  of  which  is  dependent  upon  a  difference  of  migration  veloci- 
ties of  the  ions  in  the  membrane.  However,  this  difference  of  potential 
may  be  altered  by  other  factors  such  as  adsorption. 

(5)  The  osmose  is  related  to  diffusion,  for  it  seems  that  diffusion  of  the 
ions  determines  to  a  large  extent  the  polarization  of  the  membrane. 

(6)  The  extent  of  osmose  may  be  affected  by  the  relative  volumes  erf 
water  and  salt  solution  on  the  two  faces  of  the  membrane,  inasmuch  as 
this  factor  may  affect  the  diffusion  of  the  salt  through  the  membrane. 

The  membrane  when  inmiersed  in  water  or  any  electrolyte  in  which 
there  is  httle  tendency  for  preferential  adsorption  of  ions  bears  a  nega- 
tive charge  and  the  water  layer  adjacent  bears  a  corresponding  pK>sitive 
charge.  Cations  are  much  more  adsorbed  than  anions,  the  negative 
ions  with  the  possible  exception  of  OH  and  a  few  pol3r\ralent  ones  having 
little  effect  on  the  charge  of  the  membrane.  The  alterations  of  the  charge 
of  the  walls  of  the  capillary  tubes  of  the  membrane  by  an  adsorbed  ion 
will  be  greater  the  higher  the  concentration  of  the  electrolyte.  The 
potential  between  the  two  faces  of  the  membrane  will  be  in  the  direc- 
tion that  Nemst's  theory  requires,  and  will  be  greater  the  greater  the  con- 
centration of  the  electrolyte  unless  some  effect  as  ads(»ption  interferes. 
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If  the  movable  water  layer  and  the  solution  end  of  the  membrane  are 
charged  with  electricity  of  opposite  sign  then  the  osmose  will  be  positive; 
if  they  are  charged  with  the  same  sign  the  osmose  will  tend  to  be  nega- 
tive. 

Applications  of  the  Assumptions  to  the  Experimental  Facts. — ^By  appli- 
cation of  the  assumptions  outlined  above,  it  is  possible  to  ascribe  an  ex- 
planation to  most  of  the  osmotic  effects  observed  and  described  in  the 
preceding  paper. 

Consider  first  the  osmose  of  nitrates  of  different  concentrations.  Potas- 
sium nitrate  shows  positive  osmose  increasing  continuously  as  the  concen- 
tration increases  up  to  0.05  M,  after  which  the  osmose  decreases.  The 
electrical  orientation  of  the  cell  is  th^  same  at  aU  concentrations,  and 
the  difference  of  potential  of  the  two  ends  of  the  membrane  is  appreciable 
despite  the  fact  that  there  is  little  difference  of  migration  velocities  of 
the  ions  when  the  membrane  is  not  considered.  Above  the  concentra- 
tion of  0.05  M  the  negative  charge  of  the  membrane  will  become  ma- 
terially lessened  owing  to  the  selective  adsorption  of  the  potassium  ion. 
The  positive  osmose  then  decreases  as  the  concentration  increases,  be- 
coming practically  zero  or  slightly  negative  at  the  concentration  of  JIf . 
In  double  cells,  in  which  the  volume  of  water  is  small  on  the  water  side 
of  the  membrane,  the  rate  of  diffusion  of  potassium  nitrate  soon  decreases 
owing  to  an  equalizing  of  the  concentrations  of  the  salt  on  the  two  sides 
of  the  membrane.  Because  of  this  effect  on  the  rate  of  diffusion,  the 
membrane  potential  in  the  double  cells  is  neither  as  great,  nor  able  to  be 
maintained  as  long  as  in  single  cells.  Hence  the  positive  osmose  is  less 
.and  reaches  its  maximum  much  more  quickly. 

Ammonium  nitrate  acts  in  all  ways  analogous  to  potassium  nitrate. 
It  has  been  shown  that  sodium  and  lithitun  possess  little  tendency  for 
.adsorption  with  this  porcelain,^  and  the  osmotic  effect  of  the  nitrate 
<iecreases  as  the  concentration  increases.  Negative  osmose  of  greater 
numerical  value  is  shown  by  Uthium  which  has  the  greater  difference  in 
migration  velocities,  and  hence  the  greater  cell  potential. 

The  bivalent  cations,  Zn,  Mn,  Mg,  and  Ba,  show  decreasingly  positive 
effects  as  the  concentration  increases;  however,  the  negative  effects  do 
not  increase  nearly  so  rapidly  as  the  concentration  increases.  With 
manganese,  for  which  tests  were  made  at  concentrations  as  high  as  M, 
the  negative  effects  began  to  decrease  numerically  at  these  higher  con- 
centrations. This  may  be  explained  by  assuming  either  that  the  natural 
tendency  to  give  positive  effects,  such  as  sugar  displays  at  these  concentra- 
tions, causes  the  numerical  decrease  in  negative  osmose;  or  that  at  these 
liigher  concentrations  the  manganese  ion  is  adsorbed  enough  to  ma- 
-terially  lessen  the  negative  charge  of  the  membrane.  The  latter  explana- 
^  Prom  unpublished  data  obtained  in  this  laboratory. 
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tion  can  hardly  be  disregarded  when  attention  is  called  to  the  fact  that 
the  higher  concentrations,  of  sodium  and  lithium,  isotonic  with  those  of 
manganesCi  do  not  tend  to  give  decreasingly  numerical  negative  effects  as 
the  concentration  increases. 

Aluminitun  and  thorium  nitrates  give  positive  effects  at  all  concentra- 
tions, a  fact  which  indicates  that  with  these  solutions  the  face  of  the  mem- 
brane in  contact  with  the  solution  bears  at  all  times  the  sign  opposite 
to  that  of  the  movable  water  layer.  The  meastu'ements  of  the  cell  poten- 
tial for  aluminium  show  that  the  orientation  is  the  same  as  that  required 
by  the  migration  velocities^  but  somewhat  larger  than  migration  veloci- 
ties would  require.  Hence,  the  movable  water  layer  must  be  negative, 
a  condition  which  is  brought  about  by  the  adsorption  of  the  pol3nmlent 
cation  by  the  membrane,  or  by  the  presence  of  add  in  these  salt  solutions 
which  cannot  be  prepared  neutral. 

The  osmose  of  salt  solutions  which  were  made  to  contain  small  amounts 
of  acids  or  alkalies  in  addition  to  the  salt  show  that  the  sense  of  the  osmose 
is  not  easily  determined  by  the  presence  of  small  amounts  of  adds  or 
alkalies.^  It  has  been  pointed  out  that  the  effect  of  small  amotrntsof  add 
or  alkali  are  not  additive  in  producing  the  resultant  osmose.  In  one 
case  the  addition  of  a  certain  amount  of  add  or  alkaU  to  a  salt  may  make 
its  osmose  more  positive,  whereas  the  addition  of  the  same  amount  ci 
add  or  alkali  to  another  salt  may  make  the  osmose  of  that  salt  less 
positive.  Thus  o.ooi  M  nitric  add  decreases  the  positive  osmose 
of  o.  I  M  potassium  nitrate  and  at  the  same  time  numerically  decrease 
the  negative  osmose  of  o.i  M  lithium  nitrate.  It  seems  more  logical, 
then,  to  assume  that  the  alteration  of  the  osmose  by  the  addition  of  adds 
or  alkalies  depends  on  the  alteration  of  the  dectric  diarge  on  the  walls 
of  the  capillary  tubes  of  the  membrane,  rather  than  upon  any  additive 
polarizing  effect  that  would  be  produced  by  diffusion  of  the  add  or  alkali 
through  the  membrane.  With  potassium  nitrate,  the  presence  of  OH 
ions  when  alkaU  is  added  does  not  decrease  the  negative  charge  on  the 
membrane  and  experiment  shows  that  the  positive  osmose  is  not  lessened. 
When  add  is  added  the  presence  of  H  ions  does  decrease  the  magnitude 
of  the  negative  charge  of  the  membrane  and  the  osmose  is  materially 
decreased.  Similarly,  for  lithium  nitrate  the  presence  of  add  decreases 
the  negative  charge  of  the  membrane,  thereby  lessening  the  passage  of 
Uquid  through  the  capillary  tubes  of  the  membrane,  while  the  presence 
of  alkaU  does  not  materially  affect  this  charge.  Similar  reasoning  may 
be  applied  to  other  salts  where  the  effects  produced  by  the  additi<»i  of 
small  amounts  of  add  or  alkali  are  condusive  enough  to  admit  of  a  definite 
interpretation.  With  aluminium  nitrate  the  presence  of  a  small  amount 
of  add  increases  the  osmose.  This  substantiates  the  supposition  that 
^  The  results  mentioned  in  this  paragraph  are  taken  from  unpublished  data. 
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the  membrane  is  charged  positively  with  this  salt  and  the  presence  of  a 
small  additional  amount  of  add  increases  the  magnitude  of  this  positive 
charge. 

The  effects  given  by  the  nitrates  of  potassium,  lithium  and  barium 
when  the  osmose  is  tested  by  completely  immersing  the  membranes  in 
adds  and  alkalies  are  amenable  to  similar  interpretations.  Potassium  ni- 
trate gives  greater  positive  effects  when  the  membrane  is  immersed  in  alkali 
than  when  immersed  in  add.  The  osmose  in  add  becomes  very  small  or 
even  slightly  negative  when  enough  add  is  added  to  reverse  the  sign  of  the 
membrane.  Lithium  and  barium  nitrates  also  show  rdativdy  little  os- 
mose when  the  membranes  are  immersed  in  larger  amounts  of  add.  When 
the  membranes  are  immersed  in  alkalies,  Uthium  nitrate  shows  greater 
negative  osmose  and  potassium  nitrate  shows  greater  positive  osmose 
than  in  neutral  solution.  Barium  nitrate  offers  an  exception.  With 
this  salt  the  osmose  is  lessened  numerically,  and  to  about  the  same  ex* 
tent,  by  immersing  the  membrane  in  dther  add  or  alkali.  In  the  pres- 
ence of  large  amounts  of  either  add  or  alkaU,  as  o.oi  M,  the  osmose  of 
all  of  these  salts  is  numerically  less  than  that  shown  by  the  salt  in  neu- 
tral solution. 

In  the  osmose  of  hydrochloric  add  alone,  the  membrane  must  be  as- 
sumed to  have  a  positive  charge  at  all  concentrations  of  acid  great  enough 
to  reverse  the  sign  of  the  membrane.    At  concentrations  below  which 
the  osmose  displays  a  minimum,  measurements  show  that  the  polariza- 
tion is  in  the  direction  required  by  Nemst's  theory.    The  mov^.ble  water 
layer  must  then  be  charged  positivdy  and  the  fact  that  increase  in  con- 
centration of  add  decreases  the  osmose  may  be  taken  as  indication  that 
the  greater  amotmts  of  add  are  decreasing  the  magnitude  of  the  negative 
charge  of  the  membrane.    At  higher  concentrations  the  membrane  polar- 
ization is  found  to  be  the  reverse  of  that  required  by  the  migration  vdod- 
ties  of  the  ions,  but  at  these  higher  concentrations  the  movable  liquid 
layer  must  be  negative.    At  these  higher  concentrations,  the  solution 
end  of  the  membrane  is  charged  positively  and  the  movable  Uquid  layer 
bears  the  opposite  sign,  so  the  positive  osmose  is  accoimted  for.    The 
reverse  orientation  of  the  membrane  is  probably  due  to  the  adsorption 
of  H  ions  charging  the  solution  face  of  the  membrane  positivdy,  this  fac- 
tor becoming  greater  as  the  concentration  increases,  and  overcoming 
the  tendency  for  polarization  in  the  usual  direction.    This  assumption 
is  borne  out  by  the  knowledge  that  H  ions  are  readily  adsorbed  by  the 
porcdain,  and  by  the  observation  that  when  the  volimie  of  water  on  the 
water  side  of  the  membrane  is  increased,  that  is,  when  a  condition  is  brought 
about  that  facilitates  diffusion  of  the  add,  the  positive  osmose  does  ma- 
terially decrease. 

In  the  osmose  of  sodium  hydroxide  alone,  it  must  be  assumed  that 
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the  membrane  is  negative  at  all  concentrations  while  the  movable  liquid 
layer  carries  a  corresponding  positive  charge.  As  the  concentrations 
of  this  electrolyte  are  successively  increased,  the  osmose  passes  through 
a  maximum.  Measurements  have  shown  that  opposite  electrical  orienta- 
tions of  the  cell  exist  on  the  two  sides  of  this  maximum.  For  some  reason 
the  ceU  shows  the  reverse  orientation  from  that  required  by  difference  in 
migration  velocities  when  low  concentrations  of  the  alkali  are  tested, 
while  at  higher  concentrations  as  0.2  M  the  orientation  is  in  the  usual 
direction.  At  concentrations  of  the  alkali  lower  than  o.oi  M,  at  which 
the  osmose  reaches  its  maximum,  the  solution  side  of  the  membrane  is 
negative,  which  accounts  for  the  movement  of  the  positively  charged 
Uquid  layer  into  the  cell.  As  the  concentration  of  the  alkali  is  increased 
above  0.01  M,  the  solution  side  of  the  cell  becomes  less  negative  until 
at  the  higher  concentrations,  the  orientation  of  the  cell  becomes  reversed. 
When  this  condition  is  reached  the  positively  charged  movable  liquid 
layer  passes  toward  the  water  side  of  the  cell,  giving  rise  to  negative  os- 
mose. 

A  series  of  experiments  similar  to  those  above  described  for  porcelain 
have  recently  been  carried  out  with  animal  and  vegetable  membranes 
such  as  gold  beaters  skin,  and  parchment  paper.  The  data  obtained 
are,  in  many  respects,  similar  to  those  obtained  with  porcelain.  The 
results  may,  for  most  part  at  least,  be  explained  by  making  use  of  the  theo- 
retical considerations  outlined  above.  This  data  will  be  published  in 
the  near  future. 

Ann  Abbok.  Mich. 
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THE  OSMOSE  OF  SOME  SOLUTIONS  OF  ELECTROLYTES  WITH 
PORCELAIN  MEMBRANES,  AND  THE  RELATION  OF 
OSMOSE  TO  MEMBRANE  POTENTIAL.' 

By  p.  B.  Baktbll  and  C.  D.  HocutR. 
Received  Pebnury  28,  1915. 

It  has  been  shown  in  a  previous  paper  in  This  Journal^  that  some  salt 
solutions  with  certain  grades  of  porcelain  membranes  give  negative  os- 
mose, i.  e.,  the  direction  of  flow  of  the  liquid,  as  a  whole  through  the  mem- 
brane,  is  not  in  the  direction  usual  in  the  process  of  osmosis,  but  is,  oo 
the  contrary,  from  the  concentrated  to  the  more  dilute  solution. 

It  seems  reasonable  to  suppose  that  in  all  osmotic  experiments  there 

^  The  work  described  in  this  article  constitutes  part  of  a  dissertation  submitted 
by  Carl  D.  Hocker  in  partial  fulfilment  of  the  requirements  for  the  degree  of  Doctor  of 
Philosophy  in  the  University  of  Michigan. 

*  This  Journal,  35,  646  (1914). 
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is  a  tendency  to  produce  positive  osmose,  but  in  some  cases  the  force 
tending  to  produce  counter  or  negative  osmose  becomes  the  greater. 
With  membranes  as  nearly  semipermeable  as  copper  ferrocyanide  the 
tendency  to  give  positive  effects  may  be  very  much  greater  than  the  ten- 
dency to  give  negative  effects.  However,  the  force  tending  to  produce 
counter  osmose  may  be  of  considerable  magnitude,  with  the  result  that 
the  measured  maximum  pressures  resulting  from  the  tendency  to  pro- 
duce positive  osmose  may  be  less  than  the  theoretical  values.  This,  then, 
may  explain  the  abnormal  osmotic  pressure  values  obtained  with  the 
salt  solutions  investigated  by  the  Earl  of  Berkeley  and  Hartley,^  Morse, ^ 
Fouard,'  and  others. 

The  diverse  osmotic  effects  shown  by  solutions  of  electrolytes  with 
plant  and  animal  tissues,  which  have  been  attributed  to  an  alteration  of 
the  permeability  of  the  cell  walls,  may  likewise  be  explained  by  making 
use  of  the  same  considerations  that  are  used  in  the  explanation  of  nega- 
tive osmose. 

The  main  object  of  the  present  investigation  has  been  to  study  the  re- 
lation of  osmose  to  membrane  potential,  and  to  determine  in  what  manner 
the  osmose  varies  with  the  concentration  of  solutions  of  electrolyte  and 
with  the  diffusion  of  such  electrolytes  out  of  the  cell.  Data  are  also  given 
which  show  the  effect  of  the  presence  of  acids  and  bases  on  the  osmose 
of  some  salt  solutions. 

Experimental. 

Apparatus. — ^The  osmotic  experiments  described  in  this  paper  were 
carried  out  with  simple,  single  compartment  cells  such  as  have  been  de- 
scribed in  a  previous  article.* 

The  porcelain  membranes  used  in  all  the  experiments  were  made  from 
a  fine-grained,  unglazed,  porcelain  plate  obtained  from  a  local  dealer. 
Tlie  pore  diameters  of  the  largest  pores  of  this  porcelain*  were  about  0.2 
micron. 

The  Osmose  of  Nitrate  Solutions  of  Different  Concentrations. — ^The 
osmotic  cells,  which  were  of  about  6  cc.  capacity,  were  filled  with  the 
solutions  to  be  tested  and  placed  in  800  cc.  beakers  which  contained 
about  750  cc.  of  water.  At  the  beginning  of  each  experiment  the  level 
of  tJhe  liquid  in  the  outlet  tube  of  the  osmometer  was  adjusted  so  that  it 
stood  about  50  mm.  above  the  stopper  of  the  cell  and  at  the  same  time 
[evel  with  the  surface  of  the  water  in  the  beaker.  The  volume  of  the 
liquid  in  the  beaker  was  kept  constant  throughout  the  experiments  by 
»  Phil.  Trans,,  (A)  209,  177,  391  (1908). 

*  "Osmotic  Pressures  of  Aqueous  Solutions"  (published  by  the  Carnegie  Inst,  of 
Va45liington),  i9Z4t  pp.  21 1-2 17. 

*  BulL  soc.  chim.,  [4]  11,  249,  216  (1912). 
^  Ia>c.  cU. 

•  Sigelow  and  Bartell,  Tms  Journal,  31,  1194  (1909). 
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careful  addition  of  water  from  time  to  time.  Maximum  or  mitiitniitn 
effects  were  usually  obtained  within  6  days.  The  maximum  or  tninitniitn 
values,  represented  in  millimeters  rise  or  fall,  obtained  with  nitrate  solu- 
tions of  different  concentrations  are  given  in  Table  I .  ^ 

The  data  obtained  from  the  foregoing  experiments  show  the  following 
facts: 

Of  the  nitrate  solutions  investigated  some  give  positive  osmose,  attain- 
ing a  maximum  as  the  experiment  proceeds;  others  give  negative  osmose, 
reaching  a  minimum.  At  concentrations  from  0.0005  M  to  o.oi  M 
all  of  the  solutions  tried  give  positive  effects. 

The  positive  effects  of  potassium  and  ammonium  'nitrates  increase  as 
the  concentration  increases  from  0.0005  ^  ^  ^-^5  ^9  ^^'^  ^'^^  decrease 
continuously  as  the  conoentration  increases;  sodium  nitrate  shows  a  sim- 
ilar maximum  at  o.oi  M,  after  which  the  positive  effect  decreases  con- 
tinuously as  the  concentration  increases;  the  nitrates  of  lithium,  barium, 
zinc,  manganese,  and  magnesium  give  slightiy  lesser  positive  effects  at 
0.0005  M  than  at  o.ooi  M,  but  attain  their  maximum  at  this  latter  con- 
centration,  after  which  their  osmose  also  decreases. 

The  positive  effects  of  aluminium  and  thorium  nitrates,  and  sugar 
increase  as  the  concentration  increases. 

At  a  certain  concentration,  somewhat  different  for  each  salt,  all  of  the 
nitrates  investigated  except  those  of  ahiminium  and  thorium,  give  an 
effect  practically  zero.  This  concentration  for  potassium  and  anmionitun 
is  about  M;  for  sodiun,  o.  i  M;  for  lithium,  0.05  M;  for  barium,  0.02  M; 
and  for  zinc,  manganese,  and  magnesium  the  values  of  the  concentra- 
tions lie  between  0.02  M  and  o.oi  M. 

In  no  case  is  the  decrease  in  positive  effect  directiy  proportional  to 
the  increase  in  concentration.  The  tendency  to  give  counter  effects 
increases  more  slowly  than  the  concentration. 

The  trivalent  and  quadrivalent  cations  (aluminium  and  thorium)  give 

tinmistakably  greater  positive  effects  than  the  cations  of  lower  valence 

after  the  concentration  has  been  increased  to  0.02  M,  but  their  effects 

at  lower  concentrations  are  not  greater  than  those  of  other  salts.    The 

salts  of  all  tiie  divalent  cations  investigated  give  lesser  positive  effects 

tlian  altuninium  or  thorium  above  this  concentration  of  0.02  M,  but  their 

tendency  to  give  positive  effects  does  not,  in  turn,  exceed  those  of  the 

univalent  cations  at  this  concentration.     In  the  cases  of  sodium  and 

litliium  the  counter  effects  do  come  to  exceed  ntunerically  the  counter 

effect  of  the  divalent  metals  at  the  concentration  of  0.5  M  or  greater, 

t>ut  the  osmose  of  potassium  and  ammonium  nitrates  does  not  become 

appi'^dably  less  than  zero  at  a  concentration  as  great  as  M.    It  seems, 

*  For  purposes  of  later  comparisoii  the  values  of  differences  in  migration  velocities 
between  the  cations  and  anions  of  these  salts  (U  —  V)  are  appended  to  the  table. 
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then,  that  there  is  no  well-defined  regularity  between  the  valence  of  the 
cations  in  these  salts  and  the  osmotic  effects  the  salts  produce. 

However,  there  is  some  regularity  between  the  difference  in  migra- 
tion velocities  and  osmotic  effects.  When  the  value  U  —  V  is  negative, 
negative  osmose  is  obtained  at  some  concentration  except  in  the  cases 
of  alimiinium  and  thorium  nitrates;  and,  in  general,  the  greater  this  nmner- 
ical  negative  value,  the  greater  the  counter  osmose.  The  decreaang 
positive  effect  of  potassium  and  ammonium  nitrates  at  concentrations 
greater  than  0.05  Af  is  not  in  accordance  with  the  fact  that  the  U— Y 
value  for  these  nitrates  is  positive. 

The  Osmose  of  Some  Salt  Solutions  of  the  Same  Cation  (Potassiom 
Salts). — Experiments  were  carried  out  to  investigate  the  osmose  of  salt 
solutions  with  a  common  cation.  For  these  tests  potassium  salts  were 
employed,  and  the  concentration  chosen  was  o.i  M,  These  experiments 
were  made  with  cells  submerged  in  a  beaker  of  water  as  above  described 
The  results,  together  with  the  difference  in  migration  velocities  for  tbc 
ions  of  some  of  these  salts,  are  given  in  Table  II. 

From  the  above  results  it  may  be  pointed  out  that: 

At  the  concentration  of  o.  i  Af  all  of  the  potassium  salts  investigated 
give  positive  osmose. 

Among  the  salts  with  univalent  anions,  the  order  of  decreaang  posi- 
tive effects  is 

CNS  >  CjHaOj  >  CI  >  Br  >  N0»  >  I. 

In  general,  the  salts  of  the  anions  of  higher  valence  appear  to  give 
greater  positive  effects  than  the  salts  of  the  anions  of  lower  valence  thoagii 
there  are  exceptions.  Thus  it  was  foimd  that  potassium  phosphate 
gives  greater  effects  than  either  the  ferro-  or  ferricyanide,  and  potasaun 
chromate  gives  lesser  effects  than  the  thiocyanate  or  acetate. 

There  seems  to  be  no  relation  between  the  difference  in  migration 
velocities  and  the  magnitude  of  the  osmose. 

The  Osmose  of  Acids  and  Alkalies  Alone. — ^Por  these  tests  hydrochloric 
acid  and  sodium  hydroxide  were  employed.  Carbon  dioxide-free  water 
was  used  to  make  the  solutions  of  alkali,  and  the  cells  were  enclosed  ia 
bottles  of  approximately  the  same  diameter  as  the  800  cc.  beakers  in  wfaick 
the  other  experiments  had  been  run.  In  each  case  the  cell  was  suspended 
by  its  outlet  tube  from  the  stopper  closing  the  bottle  so  that  the  bottom 
of  the  cell  was  raised  about  2  cm.  from  the  bottom  of  the  bottle,  whid 
contained  about  750  cc.  of  carbon  dioxide-free  water;  that  is,  about  the 
same  volume  as  that  employed  in  the  tests  made  in  open  beakers.  A 
hole  in  the  stopper  permitted  the  access  of  air  to  the  bottle,  and  both  this 
opening  and  the  outlet  tube  of  the  cell  were  closed  by  soda-lime  tubes 
to  prevent  the  absorption  of  carbon  dioxide  from  the  atmosphere.    Tk 


Digitized  by  VjOOQIC 


RELATION  OF  OSMOSJ5  TO  MEMBRANE  POTBNtlAL. 


IO41 


experiments  with  hydrochloric  add  were  run  in  open  beakers  with  the 
same  set  up  as  that  above  described. 

Concentrations  of  both  add  and  alkali  var3dng  from  o.ooi  Af  to  o.  2  Af 
were  tried,  and  the  results  of  these  experiments  are  shown  in  the  follow- 
ing tables: 

Tabu»  III. 
Osmose  of  Hydrochloric  Add  Alone.  ^ 


Time. 

Ch».). 

0.001  Jkf. 

0.002  U, 

0.005  Af . 

0.01  if. 

0.02  if. 

0.05  M. 

0.1  JIf. 

0.2  Jf. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12 

5 

8 

5 

3 

2 

6 

2 

1.5 

24 

10 

13 

8.5 

5 

2 

17.5 

2 

30 

48 

16 

20 

14 

6 

3 

38 

2 

57 

72 

16 

23 

21 

7 

5 

57 

31 

88.5 

96 

22 

24.5 

22 

10 

5.5 

66 

52 

no 

120 

23 

24.5 

24 

12 

6.5 

69.5 

64 

118 

144 

24.5 

27 

245 

145 

7 

72 

81 

168 

25 

27 

25 

15 

7 

73 

83 

119 

192 

25 

27 

25 

15-5 

7 

73 

83 

119 

From  Table  III  it  is  noted  that: 

The  osmose  of  the  acid  is  positive  at  all  concentrations.  The  osmose 
is  about  the  same  at  o.ooi  M  as  at  0.005  ^>  but  falls  as  the  concentra- 
tion increases  above  these  values,  reaches  a  minimum  at  about  0.02  M, 
after  which  the  maximum  values  of  the  osmose  grow  greater  as  the  con- 
centration of  the  add  increases. 

Tabi^  IV. 
The  Osmose  of  Sodium  Hydroxide  Alone.* 


(hr».). 

0.001  if. 

0.002  if. 

0.005  if. 

0.01  if. 

0.02  M. 

0.05  if. 

0.1  if. 

0.2  if 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12 

4 

3 

3 

I 

2 

I 

7 

—  4 

24 

7 

7.5 

8 

6.5 

II 

I 

—19 

—29 

48 

14 

15 

19 

25 

22 

—  5 

— 23 

72 

20 

21 

25.5 

51 

29 

—  9.5 

—34 

96 

23 

25.5 

47.5 

68 

34.5 

—14 

—40.5 

X20 

25 

28.5 

59 

75 

39 

—14-5 

—45 

144 

26 

30.5 

65 

81 

41.5 

—15 

—45 

168 

27 

32 

68 

83 

44.5 

— 10 

192 

27.5 

32.5 

67 

84 

48 

From  Table  IV  it  is  noted  that: 

The  osmose  of  sodium  hydroxide  is  positive  at  concentrations  of  0.02  M 
or  less,  and  negative  at  higher  concentrations.  The  osmose  increases 
from  o.ooi  Af  to  o.oi  M  as  the  concentration  increases,  after  which  the 
osmotic  effect  decreases  with  increase  in  concentration,  becoming  nega- 
tive at  0.05  Af  and  increasingly  negative  at  greater  concentrations. 

1  Difference  in  migration  velocities  (U  —  V)  for  the  ions  of  HCl  =»  252.6. 
'  Difference  in  migration  velocities  (U  —  V)  for  the  ions  of  NaOH  »  130^. 
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•  It  is  a  peculiar  fact  that  the  turning  point  for  both  the  add  and  the  alkali 
is  at  about  the  same  order  of  concentration,  namely  o.oi  M  to  0.02  M. 

The  difference  in  migration  velocities  of  the  ions  for  both  the  add  and 
the  alkali  being  a  constant  factor  at  all  times,  Nemst's  theory  of  potm- 
tials  would  require  that  the  potential  due  to  the  contact  of  two  concen- 
trations of  a  solution  should  be  a  logarithmic  function  of  the  ratio  of  thdr 
concentrations,  and  that  an  increase  in  this  ratio  (i,  e.,  an  increase  in  the 
concentration  of  the  dectrolyte  in  the  cell)  should  increase  this  potential 
This  factor  of  difference  in  migration  velodties  in  the  cases  of  the  add 
and  alkali  is  not  suffident  to  account  for  the  fact  that  the  osmose  is  not  a 
continuously  increasing  or  decreasing  function  of  the  concentration. 

The  Osmose  of  Some  Salt  Solutions  with  the  Membranes  Immersed  in 
Acids  or  Alkalies  of  Different  Concentrations. — ^From  the  data  obtained 
in  the  foregoing  experiments,  considerable  r^fularity  seemed  to  exist  in 
many  cases  between  the  osmotic  effects  and  the  difference  in  migration 
velodties  of  the  ions  of  the  dectrolyte  solutions.  This  observation  lent 
support  to  the  assumption  that  the  results  produced  might  be  due  to  an 
electrical  effect,  the  factor  of  relative  differences  in  migration  vdodtics 
giving  rise  to  different  membrane  potentials.  If,  however,  the  direction 
of  the  flow  of  the  liquid  is  similar  to  the  direction  in  dectric  osmose, 
both  the  polarization  of  the  membrane  and  the  sign  and  magnitude  of  the 
charge  of  the  liquid  layer  adjacent  to  the  walls  of  the  capillary  tubes 
of  the  membrane  should  influence  the  magnitude  and  perhaps  even  the 
sense  of  the  osmose.  This  latter  factor  would  probably  be  influenced 
by  the  presence  of  adds  and  bases  which,  according  to  the  theories  of 
Perrin^  and  Girard,*  is  the  determining  factor  of  the  sign  of  the  mem- 
brane. 

To  test  this  assumption,  various  attempts  were  made  to  determine 
the  osmose  of  salt  solutions  with  the  variation  that  the  membranes  of 
the  cells  were  kept  in  contact  with  acids  and  alkalies.  For  these  tests 
o.i  M  salt  solutions  were  used,  and  add  and  alkali  of  concentrations 
varying  front  o.oooi  M  to  o.oi  M.  The  membranes  were  first  washed 
by  drawing  water  through  them  for  several  hours,  after  which  the  add 
or  alkali  of  the  concentration  to  be  used  was  drawn  through  until  the 
membrane  in  each  case  was  thoroughly  saturated.  The  experiments 
were  then  carried  out  with  both  faces  of  the  membrane  in  contact  with 
this  add  or  alkali  while  the  salt  solution  to  be  studied  was  in  contact 
with  one  face  of  the  membrane.  Attempts  were  first  made  to  study 
the  effect  of  the  presence  of  add  and  alkalies  on  the  osmose  of  the  salt  sohi- 
tions  by  emplo)dng  the  same  type  of  cell  as  had  been  used  in  the  previous 
experiments.  However,  it  was  found  even  though  great  precan- 
» Loc.  cit. 
*  Comi4,  rend.,  146,  92^  (1908;;  150,  1446  (1910);  I53i  40X  (i9");  »»  99  (i9M)- 
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tions  were  taken  to  previously  saturate  the  membrane  with  the  add  or 
alkali  solution,  that  when  a  cell  was  filled  with  this  solution  and  immersed 
in  a  bath  of  the  same  acid  or  alkali,  there  resulted  an  appreciable  osmotic 
flow. 

It  was  thought  that  a  trace  of*  dissolved  membrane  material  might 
cause  the  solution  within  the  cell  to  become  more  concentrated  in  respect 
to  dissolved  material,  and  that  this  might  be  the  cause  of  the  failure  to 
give  alkali  blanks.  It  was  found  that  this  effect  shown  by  the  add  and 
alkali  blanks  could  be  obviated  by  the  use  of  cells  in  which  the  voltunes 
of  solutions  on  the  two  sides  of  the  membrane  were  the  same.  The  type 
of  cell  used  for  this  purpose  is  shown  in  Fig.  i. 


n 


\— r 


The  two  compartments  are  glass  T-tubes,  each  having  a  capadty 
of  about  20  cc»  The  porcdain  membrane,  as  in  the  other  cells,  is  hdd 
in  place  by  tightly  wound  copper  wires,  and  to  support  the  cell  upright 
legs  of  heavy  copper  wire  are  used.  Throughout  the  experiments  the 
oeUs  were  kept  in  a  constant  temperature  bath  maintained  at  20°.  Con- 
siderable difficulty  was  encotmtered  in  making  the  stoppers  water  tight. 
Xs  spite  of  precautions  the  fall  in  one  outlet  tube  would,  in  some  cases, 
be  a  few  millimeters  greater  than  the  rise  in  the  other.  Because  of  this 
source  of  error,  the  data  obtained  with  these  cdls  cannot  be  regarded  as 
cgtumtitative,  but  this  error  is  never  great  enough  to  change  the  sense,  or 
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even  the  magnitude,  of  the  osmose  by  more  than  a  few  millimeters.  Some 
of  the  advantages  of  this  type  of  cell  are  as  follows:  (i)  Any  leak  in  the 
apparatus  is  readily  detected.  (2)  A  change  in  temperature  causes  ap- 
proximately the  same  rise  in  both  the  capillary  outlet  tubes  (i.  e.,  the  hydro- 
static pressure  on  the  membrane  is  practically  tmaltered  by  any  tempera- 
ture change).  (3)  In  case  any  membrane  material  is  dissolved  the  change 
in  concentration  will  be  the  same  in  the  two  compartments.  (4)  The 
openings  of  the  apparatus  to  the  atmosphere  are  easily  protected  from 
entrance  of  carbon  dioxide,  etc. — an  important  factor  when  alkaline  solu- 
tions  are  used.     (5)  Evaporation  of  solutions  is  practically  eliminated. 

To  determine  the  effect  of  the  presence  of  acids  and  bases  on  the  osmose, 
experiments  were  made  with  o.  i  Af  solutions  of  three  t3rpical  salts:  potas- 
sium, lithimn  and  barium  nitrates.  Table  V  shows  the  effect  of  these 
salts  with  this  type  of  cell  in  neutral  solutions,  in  hydrochloric  add,  and 
in  sodium  hydroxide  of  different  concentrations.  A  positive  effect  signi- 
fies a  flow  of  solutioh  toward  the  side  of  the  membrane  in  contact  with 
the  salt  solution,  and  a  negative  effect  signifies  a  passage  of  solution  in 
the  opposite  direction.  Maximum  and  minimnm  values  were  usually 
obtained  after  five  or  six  days.  The  osmose  is  expressed  in  millimeters 
and  the  values  given  are  half  the  difference  in  height  of  the  water  levels 
in  the  two  outlet  tubes.  The  actual  hydrostatic  pressure  is  twice  tUs 
value. 

Tabls  V. 
Comparison  of  Maximum  and  Minimum  Values. 

Conccatration  of  NaOH.  Concmtration  of  HCL 

/■     '  *  «■  ■  * ' — 

SolL  0.01  M.     0.001  M.    0.0001  Jkf.      Neutnd.  0.0001  At.     0  001  if.      OjOI  M. 

KNOi 9  30  175  9.5  5-5        — i  —3 

LiNOi — 26.5       —32       —35  — 26.5  —33  — 8  —X 

Ba(NOi)s — 6  — 13      — 18  — 25  — 25  — 9  -^ 

From  these  experiments  with  the  membranes  immersed  in  adds  and 
alkaUes  it  may  be  pointed  out  that: 

The  presence  of  adds  or  alkalies  is  not  suffident  to  definitely  determine 
the  direction  of  the  osmose,  but  their  presence  may  alter  the  osmose  so 
tliat  the  results  are  different  from  those  obtained  in  neutral  solution.  In 
general,  the  presence  of  add  has  a  more  marked  effect  on  osmose  tiian 
the  presence  of  alkali. 

o.iM  potassium  nitrate  shows  less  positive  osmose  in  the  presence 
of  o.oi  M  sodium  hydroxide  than  when  o.ooi  M  sodium  hydroxide  is 
used,  but  as  the  amount  of  alkali  is  decreased  bdow  o.ooi  M  the  osmose 
decreases,  shows  a  lesser  value  at  the  neutral  point,  and  decreases  con- 
tinuously as  greater  amounts  of  add  are  added  until  with  the  stronger 
add  solutions  the  osmose  appears  to  be  slightly  negative. 

The  osmose  of  lithium  nitrate  becomes  less  negative  as  the  concmtn* 
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tkoi  of  either  add  or  alkali  is  increased  above  o.oooi  M.  In  neutral 
solutioii  it  is,  however,  less  negative  than  when  either  acid  or  alkali  of 
0.0001  M  concentration  is  present. 

The  minimnm  effect  with  barium  nitrate  seems  to  be  about  the  neu- 
tral point,  and  the  osmose  is  materially  lowered  by  the  presence  of  amounts 
of  add  or  alkali  o.ooi  M  or  greater. 

In  all  cases,  it  was  noticed  that  the  greatest  activity  of  potassium 
nitrate  came  within  the  first  24  hottrs,  while  lithium  and  barium  nitrates 
showed  considerable  activity  after  this  period. 

Experiments,  similar  to  those  just  described,  were  made  with  solu- 
tions of  altuninium  and  thoritun  nitrates  and  the  following  facts  noted: 

In  the  presence  of  add  of  concentration  as  great  as  o.oi  M  the 
osmose  is  much  less  than  when  soluticms  of  these  salts  alone  are  used  in 
the  cells. 

The  osmose  of  thorium  nitrate  is  unmistakably  greater  than  that  of 
aluminium  nitrate,  whereas  when  no  add  is  used  in  the  system  there  is 
scarcdy  enough  difference  in  the  effects  shown  by  the  two  salts  to  state 
definitdy  that  thoritun  nitrate  gives  the  greater  effect. 

Relation  of  Osmose  to  Diffusion. — In  order  to  obtain  more  informa- 
tion on  the  mechanism  of  the  osmose  of  dectrolytes  with  these  porcdain 
membranes,  and  to  learn  more  about  the  factors  that  might  influence 
the  dectrical  orientation  of  the  membranes,  a  study  was  made  of  the  rate 
of  diffusion  of  some  dectrolytes  out  of  the  cells  diuing  the  process  of 
osmosis.  The  series  of  potassitun  salts  whose  osmose  is  recorded  in 
Table  II  were  chosen.  As  the  data  in  this  table  were  being  taken,  the 
course  of  the  osmose  was  watched,  and  a  time  noted  (at  the  end  of  nine 
days)  when  practically  all  of  the  cells  had  just  attained  their  maximum. 
The  cells  were  then  removed  from  the  beakers  and  analyses  made  of  the 
solutions  left  in  the  beakers.  Determinations  were  made  of  all  of  the 
salts  except  the  nitrate  and  acetate. 

Table  VI. 
Diffusion  of  o.i  M  Potassium  Salts  Out  of  Cell. 

Salt.           KCl.                EBr.  KI.  ECNS.  KsS04. 

Osmose  at  end  of  9  days 80               71  56  100.5  115 

Vol.  of  cell  in  cc 5.8             5.7  5.8  5.75  6.1 

Uo.  of  mols  of  salt  in  cell 0.00058      0.00057  0.00058  0.000575  0.00061 

'No,  of  mols  diffused  out 0.000398    0.000363  0.000297  0.000409  0.00023 

Per  cent,  diffused  out 68.5            63.7  51.2  71. i  37.7 

KtCr04.  K$P04.  K.Pe(CN)i.  K«Fc(CN)i. 

Osmose  at  end  of  9  days 95  213                 113                 149 

Vol.  of  cell  in  cc 5.7  5.5                5.7                5.15 

^o.  of  mols  of  salt  in  cell 0.00057  0.00055         0.00057  0.000515 

No.  of  mols  diffused  out 0.000164  0.000128       0.00018  0.000219 

-  cent,  diffused  out 28.6  23.3              31.8              42.5 
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To  afford  a  basis  for  comparison  the  volume  of  each  cell  when  it  was 
set  up  was  measured  to  within  0.05  cc,  and  from  this  volume  and  the 
strength  of  the  solution,  the  ntunber  of  moleculer  equivalents  originally 
contained  in  the  cell  was  calculated.  In  the  following  table  the  nmnbcx 
of  molecular  equivalents  contained  in  the  cell  in  the  beginning  are  com- 
pared to  the  number  diffusing  out,  and  the  relation  between  the  two  ex- 
pressed as  percentages  of  salt  diffused  out. 

Prom  Table  VI  it  may  be  noted  that: 

In  the  case  of  the  salt  with  univalent  anions,  the  greater  the  positive 
osmose  the  greater  the  diffusion  of  the  salt  out  of  the  cell. 

For  salts  with  bivalent  anions,  potassium  sulfate,  which  gives  the  greater 
osmotic  effect,  shows  greater  diffusion  than  potassium  diromate. 

For  the  salts  with  the  anions  of  higher  valence,  potassium  phosphate 
offers  an  exception.  It  gives  the  greatest  osmotic  effect  but  also  shows 
least  diffusion.  This  case  may  be  an  exception  either  because  of  the  hi^ 
alkalinity  of  tertiary  potassium  phosphate,  or  because  the  soluble  cal- 
cium in  the  membrane  may  tend  to  hold  back  the  phosphate  diffusing 
out. 

There  seems  to  be  no  striking  regularity  between  the  amount  of  diffusion 
shown  by  these  salts  and  the  valence  of  the  anions. 

The  amount  of  diffusicm  observed  here  does  not  seem  to  be  in  any  way 
related  to  the  product  or  difference  in  the  migration  velocities  of  the  ions 
in  aqueous  solution. 

Relation  of  Osmose  to  Membrane  Potential. — In  an  attempt  to  deter- 
mine whether  there  was  any  relation  between  the  charge  existing  on  the 
two  faces  of  the  membrane  and  the  osmose  produced  by  that  membrane, 
measurements  were  made  of  the  actual  potential  differences  exifiting 
between  the  solutions  bathing  the  faces  of  the  membrane.  To  make  the 
measurements  of  these  potentials,  the  cells,  previously  washed  with 
water,  were  set  up  exactly  as  when  the  osmose  was  to  be  determined. 
They  were  then  allowed  to  stand  various  lengths  of  time  and  the  poten- 
tials of  the  cell  systems  measured.  Calomel  electrodes,  a  potentiometer, 
and  a  deUcate  galvanometer  were  used  for  measuring  the  potentials. 
One  electrode  was  brought  in  contact  with  the  solution  and  the  other 
in  contact  with  the  water,  giving  the  chain:  Hg — ^HgCl — N  KCl — solu- 
tion— membrane — ^water — N  HCl — ^HgCl — Hg.  These  measurements 
are  not  always  reproducible  within  narrow  limits,  but  the  orienta- 
tion of  the  cdl  system  with  any  given  concentration  of  a  salt  solution 
was  foimd  to  be  the  sam^  in  every  case  when  the  measurement  was  re- 
peated. Further,  with  any  series  of  salts,  the  order  of  magnitude  of  poten- 
tial differences  was  found  to  be  reproducible.  The  data  given  in  the 
following  experiments  were  obtained  by  averaging  the  readings  of  the 
potentiometer  taken  every  five  or  ten  minutes  successively  for  thirty 
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minutes  to  an  hour.-  In  some  cases  immediately  after  the  difference 
of  potential  had  been  tested  in  the  cell,  the  solutions  were  poured  into 
cylinders,  connected  directly  by  a  siphon  without  the  interposition  of  a 
membrane^  and  measurements  made  of  the  potential  set  up  by  these 
systems.  In  the  data  subsequently  tabulated,  such  measurements  are 
found  under  the  columns  headed:  No  membrane  after  standing.  In 
the  following  data,  a  +  sign  signifies  that  the  face  of  the  membrane  in 
contact  with  the  solution  is  positive,  and  a  —  sign  means  that  the  solu- 
tion side  is  negative: 

Tabla  VII. 


No  mem- 

in the  cell  after  steading 

brane  aftci 

Siven  in  celle. 

standing 

System. 

24hn 

3tfhra. 

24  lira. 

Single 

.     Doable. 

O.I  JlfKNO,|HiO.... 

— 0.0060 

— 0.0060 

— o.ooa 

64.5 

9.5 

0.1  JkrLi(NOi)|H,0.. 

0.0051 

(l)     0.0066 

(2)     0.0072 

0.022 

—31 

— 26.5 

0.1  JkTNaNOilHsO... 

0.0038 

0.0039 

0.006 

—  3 

0.1  Jf  Ba(NO,),|H,0. 

0.0158 

O.OI61 

0.0x8 
i   above 

—38.5 

—25 

0.1  JkrAl(NO,),(H,0. 

0.0310 

0.0303 

447 

positive 

I  o.ois 

JkrKNOt|H,0 

(i) — 0.0070 

(2) — 0.0048 

— 0.0070 

— 0.0025 

—  3 

slightly 

JlfNaNO,|H,0 

(I) 

0.0048 

positive 

(2) 

0.0071 

0.0080 

0.0070 

—67 

negative 

Prom  Table  VI  it  appears  that: 

The  orientation  of  the  cell  system  in  every  case  is  as  Nemst's  theory 
of  potentials  requires,  that  is  to  say,  the  side  of  the  dilute  solution  is 
alwa3rs  charged  with  the  sign  of  the  more  rapidly  moving  ion.  However, 
the  potential  differs  in  some  cases  from  that  which  exists  without  the  inter- 
position of  the  membrane.  Thus  with  potassium  and  aluminium  ni- 
trates the  potential  difference  is  greater  than  when  no  membrane  is  inter- 
posed; while  with  lithium,  sodium,  and  barium  nitrates,  the  potential 
difference  is  less  than  when  no  membrane  is  interposed.  In  the  case  of 
the  o.  I  M  solutions,  the  greatest  relative  variation  in  the  potential  differ- 
ence  with  and  without  the  interposition  of  the  membrane  is  shown  in  the 
case  of  lithium  nitrate. 

Except  in  the  case  of  aluminium  nitrate,  those  nitrates  which  show 
the  solution  side  negative  to  the  water  side,  give  positive  osmose. 

The  cell  potential  produced  by  the  o.  i  M  solutions  of  some  tmivalent 
potassium  salts  were  also  meastu'ed.  The  results  of  a  determination  of 
the  potential  differences  shown  by  these  potassium  salts  are  given  in 
Table  VIII.  For  purposes  of  comparison,  values  showing  the  osmose 
obtained  are  also  given  as  well  as  the  data  showing  extent  of  diffusion  of 
these  salts  out  from  the  cells. 
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Table  VIII. 

Cell  potential        Maximum  osmoac         DUrnakNi  oat  of 
System.  after  24  hrs.  In  single  celb.       cell  after  9  da.  (p.  c). 

O.I  Jf  KCNS|HiO —0.0185  100.5  71.1 

o.iJfKCllHsO —0.0105                       80  68.5 

o.iifKBrlHsO — 0.0094                     71  ^3-7 

0.1  Jf  KNO»|HiO —0.0060  64.5 

o.iKI|HxO — 0.0055                      55  51-2 

From  Table  VIII  it  is  noted  that: 

The  order  of  potential  difference  is  the  same  as  that  of  the  osmose,  the 
greatest  numerical  cell  potential  being  associated  with  the  salt  solution 
that  gave  the  greatest  osmose. 

The  order  of  magnitude  of  the  diffusion  of  the  salt  outward  from  the 

cell  is  the  same  as  the  order  of  cell  potential;  again  the  salt  which  shows 

the  greatest  cell  potential  showing  the  greatest  diffusion  of  the  salt  out 

of  the  cell. 

Table  IX. 

The  CeU  Potential  of  HCl  and  NaOH  Alone. 

Difference  of  No  mem> 

potential  in  cell  after  standing  brane  after 

* * »  standing          in  1 

System                               12  hrs.                24  hrs.              36  hrs.  24  hrs. 

o.oi  If  HCl  I  HsO — O.OII2     (i) — 0.0116  — 0.0070  16 

(2) — 0.0070 

0.2  JkT  HCl  I  HtO 0.0130     (i)    0.0292      (1)0.0182     — 0.0350        119 

(2}    0.0220     (2)0.0125 
o.oi  Af  NaOH  I  HiO. . .     — 0.0225         — 0.0052     .  0.0075  85.5 

stroai^y 
0.2  Jkf  NaOH  I  HtO —        0.0165  0.172  0.021  negative 

Hydrochloric  add  at  the  concentration  of  o.oi  M  shows  the  solution 
side  of  the  membrane  charged  negatively  as  Nemst's  theory  of  potentials 
requires.  However,  at  a  concentration  of  o.2Af  the  solution  side  is 
charged  positively,  although,  when  the  solutions  after  standing  24  hours 
in  the  cell,  are  poured  into  cylinders  and  connected  by  a  siphon  without 
the  interposition  of  a  membrane,  the  potential  is  in  the  direction  that 
the  consideration  of  difference  in  migration  velocities  demands. 

Sodium  hydroxide  at  the  concentration  of  o. 01  M  in  the  cell  shows  the 
water  side  of  the  membrane  to  be  charged  positively,  and  not  with  the 
sign  of  the  more  rapidly  moving  ion  as  is  shown  by  the  measurements 
of  the  contact  potential  of  the  solutions  contained  in  the  two  compart- 
ments, when  after  standing  24  hours,  they  are  transferred  to  cylinders 
and  measiu-ed.  When  the  greater  concentration  of  the  alkali  is  used, 
however,  the  system  shows  the  orientation  that  would  be  expected  of  a 
concentration  cell. 

The  two  concentrations  of  acid  meastu^d  here  are  chosen  on  opposite 
sides  of  the  minimum  osmose  point  given  by  the  add  in  successive  dianges 
of  concentration;  similarly  the  two  concentrations  of  the  alkali  are  oa  op- 
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pdsite  sides  of  the  maximum  given  by  the  base.  It  is  significant  that 
both  the  tmning  point  in  the  osmose  and  the  turning  point  in  the  orienta- 
tion of  the  membrane  lie  between  these  concentrations  in  both  the  case 
of  the  add  and  of  the  alkah. 

Some  potential  measurements  were  also  made  with  cdls  containing 
salt  solutions  in  which  the  membranes  were  immersed  in  acids  and  alka- 
lies. The  results  obtained  did  not  show  definitely  that  there  is  any 
diflference  in  the  cell  potential  after  standing  24  hours  whether  the  mem- 
brane is  immersed  in  acid,  in  alkali,  or  in  neutral  solution.  Inasmuch 
as  the  data  thus  far  obtained  do  not  seem  to  be  conclusive,  they  are  not 
given  in  this  paper. 

Summary. 

1.  Cells  were  constructed  using  porcelain  membranes  of  different 
degrees  of  porosity,  and  measurements  were  made  of  the  relative  pore 
diameters  of  these  membranes.  The  grade  of  porcelain  chosen  as  suit- 
able for  the  osmotic  experiments  was  such  that  the  diameters  of  the  larg- 
est pores  were  about  0.2  micron. 

2.  The  osmose  of  solutions  of  various  electrol3rtes  was  tested  in  these 
ceDs.  The  range  of  substances  investigated  included:  (a)  nitrates  of 
several  univalent,  bivalent  and  pol3rvalent  cations  of  concentrations 
from  0.0005  M  to  M;  (6)  o.  i  M  solutions  of  a  number  of  potassium  salts; 
(c)  h3ndrochloric  add  and  sodium  hydroxide  at  several  concentrations 
from  o.ooi  Af  to  0.2  M;  o.i  M  solutions  of  some  typical  nitrates  when 
the  membranes  were  immersed  in  different  concentrations  of  add  and 
alkali. 

3.  It  was  found  that  the  osmose  of  these  dectrolytes  varies  in  divers 
ways  with  the  concentration.  Some  dectrol3rtes  give  positive  effects 
which  increase  continuously  as  the  concentration  of  the  dectrolyte  in- 
creases; others  give  positive  effects  at  low  concentrations  and  negative 
effects  at  higher  concentrations,  the  positive  osmose  decreasing  continu- 
ously as  the  concentration  of  the  electrolyte  is  increased.  For  some  dec- 
trol3rtes  there  is  a  concentration  which  gives  the  maximum  positive  os- 
mose, while  concentrations  dther  higher  or  lower  give  smaller  positive 
effects;  and  finally  for  other  dectrolytes  there  is  a  concentration  that 
gives  the  greatest  negative  osmose  (or  least  positive)  while  all  concen- 
trations dther  higher  or  lower  give  effects  that  tend  to  be  more  positive 

4.  At  a  certain  concentration,  somewhat  different  for  eadi  salt,  all 
of  the  nitrates  investigated,  except  those  of  aluminium  and  thorium, 
give  an  effect  practically  zero.  This  concentration  for  potassium  and 
ammonium  is  about  M;  for  sodium,  o.iM;  for  lithium,  0.05  M;  for 
barium,  0.02  M;  and  for  zinc,  manganese,  and  magnesium  the  values 
of  the  concentration  lie  between  0.02  M  and  o.oi  M. 

5.  Osmose  seems  to  be  dosely  related  to  the  dectrical  orientation  of 
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the  membrane,  and  to  the  magnitude  of  the  difference  of  potential  whidi 
exists  between  the  solutions  bathing  the  two  faces  of  the  membrane.  In 
most  cases  the  orientation  of  the  membrane  is  that  which  would  be  ex- 
pected from  the  difference  in  migration  velocities  of  the  ions  withoat 
considering  the  membrane,  but  in  a  few  cases  the  orientation  is  the  re- 
verse. 

6.  In  all  cases  of  the  monobasic  salts  studied,  the  greater  the  rate  of 
diffusion  of  salt  through  the  membrane  of  the  cells  the  greater  the  poative 
osmose.  This  rate  of  diffusion  is  always  closely  related  to  the  magni- 
tude of  cell  potential. 

7.  The  facts  brought  out  seem  to  indicate  that  the  osmose  of  these  solu- 
tions of  electrol3rtes  is  primarily  due  to  an  electrical  effect,  and  is  analogous 
to  electric  osmose.  The  explanation  which  seems  most  reasonable  is 
that  the  osmose  is  due  to  the  passes  of  a  charged  liquid  la3rer  along  the 
capillary  tubes  of  the  membrane  under  the  driving  force  of  a  difference  of 
potential  which  acts  as  though  it  were  set  up  between  the  two  faces  of 
the  membrane.  The  charge  of  the  movable  liquid  layer  is  determined  by 
the  charge  which  the  porcelain  assumes  when  immersed  in  water,  but 
this  charge  may  be  altered  by  selective  adsorption  of  ions  when  the  mem- 
brane is  brought  in  contact  with  solutions  of  electrolytes;  and  other  ions 
than  H  and  OH  may  effect  the  charge  on  the  membrane.  The  polariza- 
tion of  the  membrane  is  probably  determined  by  the  relative  rates  of 
diffusion  of  the  ions  through  the  membrane,  but  may  be  altered  by  sadi 
factors  as  ionic  adsorption. 

Amf  Akbok,  Mxcb. 


[CONTBIBimON   FROM   TRB   ChSMISTRY   DEPARTMENT  OF  TBS  UNITSBSmr   OV 

WiscoNsm.] 
THE  QUANTITATIVE  DETERMINATION  OF  SIUCA. 
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Received  Pebnuur  22.  1914. 

The  conventional  method  of  attack  of  silicates  in  general  consists  tn 
the  sodium  carbonate  fusion,  the  treatment  of  this  fusion  with  hydro* 
chloric  acid  for  the  purpose  of  separating  out  the  silicic  add,  and  the 
subsequent  evaporation  for  the  purpose  of  dehydrating  this  silicic  add 
and  rendering  the  silica  insoluble  in  water  and  in  dilute  hydrodiloric 
add.  This  method  of  separating  silica  from  the  bases  has  recdved  a 
great  deal  of  study,  yet  the  results  obtained  are  not  all  that  might  be  de- 
sired. There  is  considerable  uncertainty  regarding  the  necessary  length 
of  time  and  temperature  of  dehydration,  the  need  of  repeated  evapora- 
tion, the  solubility  of  silica  in  adds  and  in  the  wash  solutions  used«  and 
the  presence  of  ferric  oxide,  alumina,  time,  magnesia,  potash  and  soda 
in  the  nonvolatile  residue  which  remains  when  the  weight  of  the  silica 
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is  obtained  by  its  loss  when  treated  with  hydrofluoric  and  sulfuric  adds. 
The  present  investigation  was  undertaken  for  the  purpose  of  studying 
the  various  errors  in  the  determination  of  silica  with  the  view  of  making 
the  determination  more  accurate  and  if  possible  more  expeditious. 

Presenius^  states  that  direct  heating  over  the  lamp  is  not  advisable 
as  in  the  most  strongly  heated  parts  the  silicic  add  is  liable  to  unite  again 
with  the  separated  bases  to  form  compounds  which  are  not  decomposed, 
or  only  imperfectly  by  hydrochloric  add.  ^ 

Gilbert*  investigated  the  effect  of  different  temperatures  of  dehydra- 
tion,  and  the  presence  of  considerable  caldmn  and  magnesitun  on  the 
solubility  and  contamination  of  the  silica.  He  worked  with  several  fur- 
naces lags  and  orthoclase  fddspar.  His  condusion  may  be  summarized 
as  follows:  Temperatures  of  dehydration  above  that  of  the  water  bath 
do  not  give  much  higher  results  for  silica,  but  may  increase  the  impuri- 
ties in  the  silica  considerably.  These  impurities  cannot  be  removed  by 
digestion  for  one  hour  with  strong  add.  Caldum  and  aluminum  have 
no  tendency  to  form  silicates  even  at  temperatures  up  to  280*.  When 
magnesia  is  present,  the  best  results  are  obtained  by  dehydrating  at  120^. 
Higher  temperatures  may  cause  the  formation  of  partially  soluble  mag- 
nesitun siUcate. 

Hillebrand'  furnishes  data  showing  that  the  siUca  recovered  with 
alumina  and  other  oxides  may  again  be  partially  lost,  due  to  its  increased 
solubility  after  the  pjrrosulfate  fusion.  This,  he  states,  is  an  added 
argument  in  favor  of  recovering  all  of  the  silica  at  the  outset,  since  the 
expectation  of  recovering  all  of  what  remains  is  based  on  an  erroneous 
assumption.  Because  of  this  he  states  that  Gilbert's  results  lose  much 
of  thdr  value.  If  this  critidsm  be  accepted,  Gilbert's  results  still  show 
that  high  temperatures  of  dehydration  increase  the  impurities  in  the  silica, 
and  that  the  presence  of  considerable  magnesia  tends  much  more  than 
lime  and  alumina  to  still  further  increase  the  impurities,  besides  causing 
more  silica  to  go  into  solution. 

Bloor,*  in  the  analyses  of  days,  made  special  note  of  the  residues  left 
after  volatilization  of  the  sUica,  and  found  lime  and  magnesia  present  in 
amounts  ranging  from  practically  nothing  to  about  two  milligrams  of 
each.  The  dehydration  was  made  on  a  water  bath.  The  total  residues 
averaged  about  1%  of  the  separated  siUca.  When  the  dehydration 
temperature  was  raised  to  125®  the  residues  were  greater,  due  largdy 
to  an  increase  of  lime  and  magnesia.  As  possible  reasons  for  the  pres- 
ence of  lime  and  magnesia  in  tilie  residues,  Bloor  gives  as  the  causes  of 

^  Fresemus,  Quani,  Chem.  Anal.,  z,  510  (1904). 
»  Tech,  Quart.,  3,  61  (1890). 

*  Tms  JousNAL,  a4f  362  (1902). 

*  Ibid.,  29,  1603  (1907). 
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error  insufficient  washing,  incomplete  decomposition  at  the  outset,  cod- 
tamination  from  porcelain,  and  different  deportment  of  day  and  rock 
powder  in  the  fusion. 

Hillebrand^  states  that  he  has  tested  the  residues  carefully  for  lime  and 
magnesia,  and  finds  none  of  the  former  present  and  from  nothing  to  0.2- 
0.3  mg.  of  the  latter. 

Gooch,*  Reckert  and  Kuzirian  indicate  that  the  main  source  of  trouble 
in  bringing  precipitated  silica  to  constant  weight  is  not  due  to  the  pres- 
ence of  water,  but  to  impurities  which  are  partially  volatile.  They  also 
indicate  that  the  impurities  may  consist  in  part  of  sodium  chloride,  wfaidi 
on  heating  with  the  blast  lamp,  gradually  loses  chlorine  and  produces 
sodium  silicate. 

Bauer'  states  that  silica  may  hold  hydrochloric  add  so  strongly  that  a 
blast  flame  will  not  drive  it  off.  He  does  not  state  whether  the  silica 
used  was  free  from  bases  or  salts,  and  hence  the  presence  of  chlorides  is 
not  precluded  and  his  contention  correspondingly  loses  wdght. 

Wunder*  and  Suleimann  present  results  which  show  that  the  solubility 
of  predpitated  silica  increases  with  the  strength  of  hydrochloric  add 
used  and  also  with  the  temperature  of  digestion. 

Hillebrand'  states  that  hydrochloric  add  has  a  marked  solvent  actiao 
on  the  silica  that  is  obtained  in  the  usual  analysis.  He  states  that  the 
use  of  dilute  hydrochloric  add  in  place  of  water  for  washing  gave  un- 
favorable results. 

Expeiimental. 

Temperature  of  Dehydration. — ^Undoubtedly  the  more  complete  die 
dehydration  the  more  insoluble  does  the  silica  become  to  the  subsequent 
add  treatment.  The  completeness  of  dehydration  is,  however,  limited 
by  the  temperature  at  which  the  silica  reacts  with  the  chlorides  and  Ae 
time  which  is  permissible  to  use.  The  writers  have  been  unable  to  find 
in  the  literatinre  any  report  of  a  systematic  investigation  regarding  this 
reversion  temperature  at  which  the  bases,  especially  magnesia,  start 
to  combine  with  silica  to  a  material  degree.  For  the  purpose  of  deter- 
mining this,  the  following  experiments  were  carried  out  in  which  only 
materials  of  known  composition  and  high  state  of  purity  were  used  in 
order  that  the  conditions  could  be  controlled  properly. 

Materials  Used. — Practically  all  of  the  silica  on  the  market  ccmtains 

various  bases  as  impurities.    Therefore,  silica  of  a  high  degree  of  parity 

was  prepared  as  follows:    Silicon  tetrafluoride  was  evolved  by  theactioo 

of  sulfuric  add  on  a  mixture  of  powdered  quartz  and  caldum  fluoride. 

1  U.  S.  Geol.  Survey,  Bull.  422,  97  {1910). 

•  Am.  J.  Sci.,  x86,  598  (1913). 
»  Tonind.  Ztg.,  37,  89  (1913). 

*  Ann.  chim.  anal.,  xp,  45  (19x4). 

■  U.  S.  Geol.  Survey,  Bull,  422,  92  (1910). 
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From  the  generating  flask  the  gas  was  conducted  through  a  rubber  fun- 
nel into  water  contained  in  a  paraffined  beaker.  The  gelatinous  silica 
which  separated  out  was  filtered  off,  and  aftei;  thorough  washing  was 
heated  in  a  platinum  dish  with  sulftuic  acid  until  copious  fumes  of  sulfur 
trioxide  came  off  for  ten  minutes.  This  was  done  to  drive  out  the  last 
traces  of  hydrofluoric  acid  from  the  silica.  The  sQica  was  then  washed 
with  pure  water  and  strongly  ignited.  A  0.5  g.  sample  of  this  silica 
left  no  weighable  residue  when  treated  with  hydrofluoric  and  sulfuric 
acids  and  evaporated;  hence  was  considered  pure. 

A  second  preparation  was  made  as  follows:  Pure  silicon  tetrachloride 
was  dropped  into  water.  After  evaporating  to  dryness,  which  converted 
the  gelatinous  siUca  which  had  separated  out  to  the  granular  form,  the 
material  was  powdered  and  treated  with  sulfuric  add  and  thoroughly 
washed  in  the  same  way  as  the  silica  obtained  by  decomposing  the  fluoride. 
On  evaporating  a  0.5  g.  sample  with  hydrofluoric  and  sulfuric  adds,  a 
residue  of  0.05  mg.  was  obtained,  which  is  within  the  limits  of  error  of 
working.  This  silica  was,  therefore,  as  piuie  as  that  prepared  from  the 
tetrafluoride.  When  the  silica  from  the  tetrachloride  was  not  treated 
with  sulfuric  add,  it  contained  more  impurities.  Iron  appeared  to  be 
the  main  impurity,  and  the  conversion  to  the  sulfate  made  its  removal 
by  washing  possible. 

Silica  prepared  from  the  tetrafluoride  is  very  light  and  voluminous, 
making  it  difficult  to  handle  and  wdgh.  That  prepared  from  the  tetra- 
chloride is  more  like  ground  quartz  and  hence  is  readily  handled. 

The  hydrofluoric  add  used  was  prq)ared  by  redistilling  pure  commerdal 
add  in  a  platinum  still.  A  50  g.  sample  left  no  weighable  residue  on 
evaporation  and  ignition. 

The  supply  of  sulfuric  add  on  hand  gave  on  evaporation  and  ignition 
a  residue  of  0.0002%,  and  hence  was  suffidentiy  pure. 

The  hydrochloric  add  used  was  prepared  both  by  redistilling  pure 

acid,  in  which  case  the  first  and  last  portions  were  discarded,  and  by  the 

action  of  sulfuric  add  on  soditun  chloride,  using  appropriate  wash  botties. 

The  other  chemicals  employed  showed  by  blank  tests  or  otherwise  that 

tliey  were  suffidentiy  pure  for  the  purposes  intended. 

Analytical  Methods. — In  our  experiments  0.5   g.   samples  of  silica 

-were  always  used.    To  the  wdghed  sample  were  added  the  various  amotmts 

of  caldum,  magnesium  or  ferric  oxides  and  from  four  to  six  parts  of  sodium 

eaxbonate.    The  amount  of  sodium  carbonate  used  was  regulated  ac- 

oording  to  the  amount  of  basic  oxide  added.    The  materials  were  mixed 

ixi  a  platinum  crudble  and  heated  by  means  of  a  burner  until  the  fusion 

"v^as  quiet.    The  fused  mass  was  then  transferred  to  a  platinum  dish  and 

tx'eated  with  an  excess  of  dilute  hydrodiloric  add  (sp.  gr.  1.05).    After 

all  t>ut  the  silica  had  dissolved,  the  solution  was  evaporated  to  drjmess 
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on  the  water  bath  and  the  residue  further  heated  for  two  hours  at  the  tem- 
perature indicated  in  each  series  of  escperiments.  After  defaydntion, 
the  mass  was  treated  with  25  cc.  of  hydrochloric  add  (sp.  gr.  i .  i).  The 
dish  was  covered  and  digested  on  the  water  bath  for  10  to  20  minutes. 
Any  lumps  appearing  were  broken  up,  and  after  diluting  with  water, 
the  solution  was  filtered.  The  silica  was  washed  with  water  till  the  ran- 
nings  no  longer  gave  a  turbidity  mth  silver  nitrate.  This  gave  a  fil- 
trate of  200  to  300  cc.  The  silicate  was  volatilized  in  a  weighed  platinum 
crucible,  after  the  addition  of  a  few  drops  of  sulfuric  add  and  about  3  cc 
of  hydrofluoric  add.  The  residue  was  ignited  and  the  crudble  and  ooa- 
tents  wdghed. 

Two  double  walled  dr^dng  ovens,  one  of  copper  and  one  ci  sheet  iron 
were  first  used  in  the  dehydrations.  They  were  heated  by  two  Bumen 
burners.  On  testing  these  ovens  carefully,  it  was  found  that  under  the 
best  conditions  the  temperature  at  various  points  on  the  same  shdf  in 
the  oven  varied  as  much  as  10^  and  sometimes  even  more.  The  ovens 
were  in  good  condition  and  the  burners  were  carefully  regulated.  WA 
less  care  and  the  use  of  two  shdves,  thermometers  variously  placed  would 
show  a  difference  if  as  much  as  20^  in  different  parts  of  the  same  orcn. 
The  experiments  with  lime  and  with  magnesia  given  in  Table  I  woe 
carried  out  in  these  ovens.  In  all  of  the  other  experiments,  except  whes 
a  temperature  higher  than  120°  was  required,  an  automatic  dectric  ova 

Table  I. 

Nonvolatile  Residues  Usins  Various  Amounts  of  Basic  Oxides. 

Dehydration  Temperature  IIo^ 

SiOi.       NmCOi.      CaO,  N.  V.  R.,  SiOi.       NaaCOfe,         MgO.  S.Y.U 

Z-  Z'  Z-  g'  Z'  S'  S-  ff- 

0.5000  2  0.0000  -fo.OOOl  0.5000  2  O.OOIO  — O.OOOI 

0.5000  2  0.0000  — O.OOOI  0.5000  2  0.00x0          

0.5000  2  O.OOIO  —O.OOOI  0.5000  2  O.OIOO         

0.5000  2  O.OOIO  —O.OOOI  0.5000  2  O.OIOO         

0.5000  2  O.OIOO  +0.0001  0.5000  2  0.5000  +O.00W 

0.5000  2  O.OIOO  -fo.OOOl  0.5000  2  ^6.5000  -fo.OOW 

0.5000  2  0.0500  +O.COOI  0.5000  2  O.IOOO  +O.0t»8 

0.5000  2  0.0500  0.5000  2  O.IOOO  +0.0001 

0.5000  2  O.IOOO  +0.0001  0.5000  4  0.2000  +O.00Q5 

0.5000  2  O.IOOO  +0.0001  0.5000  4  0.2000  +0.0008 

0.5000  4  0.2000  +0.0002  0.5000  6  0.5000  +O.O0Q3 

0.5000        4        0.2000  0.5000  6  0.5000  +0.0001 

0.5000        6        0.5000  0.5000  2.5  O.OIOO  +0.0009 

0.5000         6         0.5000       — 0.0003  0.5000  2.5  0.0x00  +0,0005 

0.5000  2.5  0.0500  +O.00BI 

0.5000        2.5        0.0500       +O.OOII 

0.5000  2.5  0.3000         +0.0005 

0.5000        2.5        0.2000       +0.0019 

0.5000  5.0  0.5000  +O.00U 

0.5000       5.0       0.5000      +0.0009 
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was  used,  which  made  it  possible  to  control  the  temperature  to  which  the 
dishes  were  heated  to  within  one  degree. 

In  Table  I  are  given  the  results  when  various  amounts  of  calcium, 
magnesium  and  ferric  oxides  were  fused  with  silica  and  sodium  carbonate 
and  where  a  dehydration  temperature  of  no®  was  used.  From  these 
data  it  is  evident  that  lime  does  not  seriously  contaminate  the  silica  at 
this  temperature.  With  the  large  amounts  of  magnesia  there  are  indica- 
tions of  contamination,  but  this  is  tmdoubtedly  due  to  the  poor  regula- 
tion of  temperature  sectired  with  the  gas  heated  oven,  as  already  ex- 
plained.' The  results  with  magnesia  given  in  Table  II  entirely  confirm 
this  probability.  The  ferric  oxide  contaminated  the  siUca  in  all  cases 
in  an  irregular  way. 

Tabui  II. 
Nonvolatile  Residues  under  Different  Temperatures  of  Dehydration. 


Ttaipcr.  SiOk  NmCOi,    CaO. 
atnre.       g.           g.            g. 

N.  V.  R.. 

9- 

Tempcr- 
atnre. 

SiOi.    NmCOi 

MgO. 
g- 

N.  V.  R.. 

g- 

no* 

0.5000 

2 

O.IOOO 

+0.0001 

lOS' 

0.5000 

2.5 

O.IOOO 

+O.OOOI 

no 

0.5000 

2 

O.IOOO 

+0.0001 

no 

0.5000 

2.5 

O.IOOO 

+0.0001 

115 

0.5000 

2 

O.IOOO 

no 

0.5000 

2.5 

O.IOOO 

+O.OOOI 

"5 

0.5000 

2 

0,1000 

#115 

0.5000 

2.5 

O.IOOO 

+0.0002 

I30 

0.5000 

2.5 

O.IOOO 

+0.0002 

115 

0.5000 

2.5 

O.IOOO 

+0.0006 

120 

0.5000 

2.5 

O.IOOO 

+0.0002 

120 

0.5000 

2.5 

O.IOOO 

+0.0010 

150 

0.5000 

2 

O.IOOO 

+0.0003 

120 

0.5000 

2.5 

O.IOOO 

+O.OOI2 

150 

0.5000 

2 

O.IOOO 

+0.0004 

150 

0.5000 

2.5 

O.IOOO 

+0.0008 

175 

0.5000 

2.5 

O.IOOO 

+0.0003 

150 

0.5000 

2.5 

O.IOOO 

+0.0018 

no 
no 

0.5000 

0.5000 
0.5000 

2.5 

2.5 
2.5 

O.IOOO 
PesOt. 

0.0500 
0.0500 

+0.0004 

+0.0021 
+0.0028 

175 
175 

Free  flame 
Free  flame 

6  6  6  6 

2.5 
2.5 
2.5 
2.5 

O.IOOO 
O.IOOO 
O.IOOO 
O.IOOO 

+0.0007 

+O.OOII 

+0.0008 
+0.0016 

1 30 

0.5000 

2.5 

0.0500 

+0.0004 

1 30 

0.5000 

2.5 

0.0500 

+0.0004 

150 
150 

0.5000 
0.5000 

2.5 
2.5 

0.0500 
0.0500 

+0.0015 
+0.0013 

Table  II  shows  the  results  obtained  when  the  amotmt  of  basic  oxide 
added  was  constant  (o.  i  g.),  and  the  temperature  of  dehydration  varied. 
From  these  data  it  is  evident  that  lime  does  not  seriously  contaminate 
the  silica,  unless  the  temperatiu-e  of  dehydration  is  at  least  over  115**. 
With  magnesia  the  point  at  which  the  silica  becomes  contaminated  with 
magnesia  is  reached  at  115^.  At  iio^  there  is  no  appreciable  contamina- 
tioiit  which  shows  that  the  slight  contamination  of  magnesia  reported  in 
Table  I  was  probably  due  to  the  poor  regulation  of  temperature  secured 
yvith  the  gas  heated  ovens. 

Kerric  oxide  contaminates  the  siUca  in  an  entirely  irregular  way  at 
all  temperatures,  which  suggests  that  it  may  be  due  to  physical  causes. 
Undoubtedly  on  evaporation  and  dehydration  the  ferric  chloride  by  hy- 
drolysis changes  partly  to  oxide  and  oxychloride,  which,  because  of  their 
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lesser  solubility,  are  not  as  readily  removed  from  the  interior  of  the  dtkd 
silica  as  calcium  chloride. 

Potash  and  soda  have  been  repeatedly  tested  for  in  many  experimeats, 
but  in  our  work  have  never  been  detected  in  the  nonvolatik  readue. 
This  is  in  accord  with  the  work  of  Hillebrand^  but  not  with  the  obsem- 
tions  of  Kuzirian.' 

The  general  knowledge  of  the  contamination  of  siUca  by  the  bases  has 
been  emphasized  by  those  who  have  studied  in  detail  the  dUca  detenmna- 
tion.  It  has  been  assumed  by  some  that  actual  reversion  to  silicate  takes 
place.  It  is  not  possible  at  the  present  time  to  state  definitely  jtist  how 
these  bases  are  retained  by  the  silica.  Hydrolysis  alone  will  not  accotmt 
for  the  retention  of  lime  or  magnesia,  since  the  products  of  the  hydrolysis 
of  calcium  or  magnesium  chlorides  are  readily  soluble  in  even  dilute  hy- 
drochloric add.  The  subsequent  extraction  with  dilute  add  shonkl 
therefore,  remove  the  Ume  or  magnesia,  but  such  is  not  the  case.  In  the 
case  of  contamination  of  the  silica  by  iron,  hydroly^s  probably  can  be 
assumed  to  be  at  least  one  cause. 

Adsorption  might  be  advanced  as  a  possible  explanation,  but  wouU 
hardly  seem  plausible.  As  a  matter  of  fact,  the  contamination  is  a  veiy 
real  thing,  and  in  the  analysis  of  silicates  always  takes  place.  In  the  silica 
from  basic  rocks  the  nonvolatile  residue  is  usually  very  much  hi^ 
than  from  those  of  addic  character. 

It  should  be  emphasized  at  this  point  that  in  the  regular  procedmt 
of  a  silicate  analysis,  if  the  dehydrated  silica  and  chlorides  are  treated 
first  with  water,  insoluble  basic  chloride  of  iron  is  formed  which  will  not 
completdy  dissolve  in  hydrochloric  add  of  any  strength  in  any  reason- 
able length  of  time.  This  is  espedally  true  when  hot  water  is  used.  Sufr 
dent  hydrochloric  add,  therefore,  must  be  added  to  prevent  this  decom- 
position. On  the  other  hand,  large  excess  of  hydrochloric  add  nrart 
be  avoided  on  accotmt  of  its  solvent  action  on  the  silica. 

Solubility  of  Silica  in  Hydrochloric  Add  and  in  Wash  SolutioiB.'-In 
order  to  determine  what  effect  the  concentration  of  the  hydrochloik 
add  used  in  taking  up  the  dehydrated  silica  has  on  the  amotmt  of  sDics 
which  passes  into  solution  and  is  recovered  in  the  subsequent  dehydra- 
tion, the  following  experiments  were  carried  out: 

One-half  gram  of  pure  silica  was  fused  with  2 .5  g.  of  sodium  carbonate, 
treated  with  hydrochloric  add,  evaporated,  dehydrated  at  no** for  2  hoois 
and  then  taken  up  with  hydrochloric  acid  of  different  strengths,  as  'mir 
cated  in  Table  III.  After  filtering  and  washing  to  a  volume  of  about  2500c 
the  silica  in  the  filtrate  was  determined  by  evaporation,  dehydration  andO- 
tration  in  the  usual  way.    The  results  are  given  in  the  first  three  adumns 

1  This  Journal,  24,  373  (isK»). 
•  Am,  /.  Sci.,  37,  61  (1914). 
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of  Table  III.  The  main  bulk  of  silica  filtered  off  after  the  first  dehydra- 
tion was  further  treated  with  acid  in  order  to  determine  if  more  silica 
would  go  into  solution.  The  silica  was  transferred  from  the  filter  papers 
to  platinum  dishes.  One  series  was  treated  with  hydrochloric  acid  in 
exactly  the  same  way  as  before  and  the  dissolved  siUca  determined.  The 
other  series  were  treated  similarly  with  an  equivalent  amotmt  of  sulfuric 
add.    The  results  are  given  in  the  last  two  columns  of  Table  III. 

Tablb  III. 

Sohibility  of  Dehydrated  Silica  in  Add  Treatments  Indicated. 

Grams  of  SiOi  Dissolved. 

Pint  treatment  with  HCl.    Second  treatment  with 

Method  of  treating  dehydrated  silica.  a.  b.  av.  HCl.        HsSO^J 

12.5  cc.  con.  HCl  (sp.  gr.  1.2)  digested  15 

min.    Dil.  to  25  cc.  and  digested  15 

min.  Dil.  to  50  cc.  and  filtered. .  ^ . . .  0.00251  0.00251  0.00251  0.00068  0.00103 
25  cc.  HCl  (sp.  gr.  i.i)  digested  30  min. 

Dil.  to  50  cc.  and  filtered 0.00230  0.00212  0.00221  0.00048  0.00136 

50  cc  HCl  (sp.  gr.  1.05)  digested  30  min. 

and  filtered 0.00410  0.00402  0.00407  0.00286  0.00279 

The  data  in  Table  III  indicate  that  digestion  with  concentrated  hydro- 
chloric acid  or  with  a  considerable  volume  of  dilute  acid  are  both  to  be 
avoided.  Hydrochloric  acid  (sp.  gr.  i .  i)  appears  to  be  about  the  right 
concentration  for  the  first  moistening  of  dehydrated  silica.  The  amount 
used  and  time  of  digestion  should  be  the  minimum. 

A  comparison  of  the  data  in  Table  III  shows  that  less  silica  goes  into 
solution  in  the  second  treatment.  The  results  corroborate  the  work  of 
Hillebrand,*  who  has  shown  that  hydrochloric  add  has  a  distinct  solvent 
action  on  the  silica.  Completeness  of  dehydration  is  not  the  only  fac- 
tor that  must  be  considered  in  accounting  for  the  silica  found  in  the  fil- 
trate after  the  first  dehydration.  Dilute  sulfmic  acid  has  about  the  same 
solvent  action  as  dilute  hydrochloric  acid,  while  somewhat  stronger  sul- 
furic add  has  a  more  marked  action. 

Although  the  amount  of  silica  dissolved  in  the  second  treatment  as 
given  in  Table  III  is  less  than  that  dissolved  in  the  first  treatment,  yet  it 
cannot  be  conduded  from  this  that  there  is  a  definite  amount  of  silica 
present  after  dehydration  which  is  more  soluble  than  the  rest.  In  the 
first  extraction  with  hydrochloric  add  there  was  a  considerable  amount 
of  sodium  chloride  present,  which,  as  following  results  show,  has  a  con- 
siderable solvent  action  on  the  silica. 

Solubility  of  Silica  in  Dififerent  Wash  Solutions. — In  order  to  determine 
^what  kind  of  a  washing  solution  would  have  the  least  solvent  action  on 
the  silica,  the  following  experiments  were  made.    The  silica  on  the  filter 
^  The  HiSO^  was  used  in  amotmts  equivalent  to  the  HCl. 
*  This  Journal,  34,  368  (1902). 
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papers  from  the  previous  work  was  thoroughly  washed  with  water  aod 
then  washed  with  300  cc.  of  the  respective  wash  solutions  indicated  in 
Table  IV.  The  filtrates  were  evaporated  and  the  silica  determined  in 
each  case.  The  silica  in  300  cc.  of  original  wash  soluti<»i  was  also  de- 
termined in  each  case: 

Tabls  IV. 
Solubility  of  Silica  in  Wash  Solutions.    Results  in  Grams. 

S10sin300cc.     SiOslnSOOcc.      SiOs  dianlTed 
Washed  tolttUon  used.  of  blank.  after  washing.        by  wash  sol. 

Distilled  water 0.00040  0.00106  0.00066 

i%HCl 0.00050  0.00138  0.00088 

1%  NaCl 0.00016  0.00243  0.00227 

1%  NH4CI 0.00094  0.00386  0.00492 

The  data  in  Table  IV  indicate  that  distilled  water  has  the  least  solvent 
action  of  any  of  the  washing  solutions  used.  Solutions  of  sodium  and 
ammonium  chloride  have  a  distinct  solvent  action.  All  things  con- 
sidered»  a  wash  solution  of  distilled  water  just  acidified  with  hydrocfaloic 
is  perhaps  the  most  desirable.  The  presence  of  a  very  small  amount 
of  hydrochloric  add  has  no  marked  solvent  effect  on  the  silica,  but  does 
have  the  advantage  of  helping  to  remove  occluded  bases  in  the  sDica 
and  preventing  the  silica  from  going  into  a  colloidal  condition,  in  which 
condition  it  will  pass  through  the  filter  paper  to  a  considerable  extent.  A 
wash  solution,  consisting  of  i  cc.  concentrated  hydrochloric  add  in  100  cc 
water,  appears  quite  desirable,  and  this  was  later  used  with  good  results. 

Solubility  of  Silica  as  Influenced  by  Extent  and  Nature  of  Dehydra- 
tion.— It  was  thought  that  perhaps  if  the  period  of  dehydration  at  no'* 
was  increased  over  two  hours,  the  silica  would  be  made  more  insoluble 
in  the  subsequent  add  treatment.  Dehydration  at  one-fourth  atmos- 
pheric presstu-e  was  also  tried.  For  this  ptupose  a  vacuum  desiccator 
attached  to  a  filter  pump  was  placed  in  the  drying  oven.  Two  samples 
of  material,  a  silicate  rode  and  a  day  loam  soil,  were  fused  with  sodium 
carbonate  and  the  fusion  was  treated  with  hydrochloric  add.  The  re- 
sults are  given  in  Table  V. 

Tablb  V. 
Solubility  of  Silica  as  Influenced  by  Nature  and  Extent  of  Dehydration. 

Omnt  SIOi  reoorend  In  tncceaiive  MbydnBrnB^ 

Nature  and  extent  lit  2nd  3rd     •        4th        Total  frit 

of  dehydration.  Material.        dehydr.     dehydr.      dehydr.      dehydr.    twodekfdr. 

4hr.  at  IIO^  Viatm Blank  0.0008  0.0002  0.0002  o.oooi  o.ooio 

2hr.  atiio^ Soil  0.7878  0.0016  0.0003  0.0004  0.7894 

4  hr.  at  110° Soil  0.7887  0.0019  0.0002  0.0004  0.7906 

2  hr.  at  IIO^  V4  atm Soil  0.7873  0.0014  0.0003  0.0003  0.7887 

4hr.  at  Ixo^  V4atm Soil  0.7876  0.0016  0.0002  0.0004  0.7892 

2  hr.  at  no** Silicate  0.6491  0.0014  0.0006  0.0003  0.6505 

4hr.  atiio^ Silicate  0.6511  0.0015  0.0007  0.0003  0.6526 

2  hr.  at  iio^  V4  atm SiUcate  0.6506  0.0014  0.0007  0.0002  0.6520 

4  hr.  at  IIo^  V«  atm Silicate  0.6490  0.0016  0.0005  0.0003  0.6506 
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The  results  in  Table  V  indicate  that  there  is  no  advantage  in 
dehydrating  more  than  two  hom-s,  or  in  carrying  out  the  dehydra- 
tion tmder  reduced  pressiu-e.  This  indicates  that  the  failure  to  recover 
all  the  silica  in  one  dehydration  is  not  due  to  insufficient  dehydration, 
but  to  the  great  opportunity  afforded  by  the  large  mass  of  silica  for 
its  direct  solution  dtuing  the  acid  treatment.  From  this  it  may  be 
concluded  that  the  dehydrated  mass  should  be  taken  up  with  as 
Uttle  add  as  possible,  and  that  this  add  should  be  allowed  to  act  only 
until  the  bases  are  in  solution  and  then  filtration  proceeded  with  im- 
mediatdy. 

In  a  further  experiment  the  period  of  dehydration  at  1 10°  was  extended 
to  24  hours.  In  this  case  the  total  amount  of  silica  recovered  in  all  of 
the  dehydrations  was  less  by  several  milligrams  than  when  a  2-hour  period 
of  dehydration  was  used.  This  indicates  that  continued  dehydration 
for  a  long  period,  at  even  1 10^,  may  cause  the  silica  to  become  contamina- 
ted with  suffident  magnesia  to  seriously  afifect  the  residts.  It  seems 
that  when  magnesia  thus  contaminates  silica  it  is  practically  impossible  by 
subsequent  evaporations  with  add  and  dehydration  to  render  the  silica 
free  from  magnesia. 

Adopted  Procedure  for  the  Determination  of  Silica. 

After  a  careful  study  of  the  results  thus  far  reported,  the  following 
procedture  was  adopted: 

A  one-half  to  one  gram  sample  of  silicate  is  intimately  mixed  with  5  g. 
of  sodium  carbonate  and  fused  in  a  platinum  crucible.  In  the  case  of  a 
limestone,  as  suggested  by  Hillebrand,^  much  less  flux  is  required.  The 
cold  fusion  is  treated  with  60  cc.  of  hydrochloric  add  (sp.  gr.  i  .07).  After 
all  carbonates  are  decomposed  and  the  Imnps  are  broken  up,  evaporation 
on  steam  or  water  bath  is  proceeded  with  tmtil  the  residue  begins  to  pow- 
der or  crumble.  Further  evaporation  should  be  avoided.  Breaking  up 
of  lumps  and  crusts  greatly  expedites  the  evaporation  near  the  end. 
The  residue  is  treated  with  15  cc.  of  hydrochloric  add  (sp.  gr.  i .  i)  covered 
and  heated  on  the  water  bath  for  10  minutes.  After  diluting  with  10  cc. 
of  water,  filtration  is  proceeded  with  immediatdy,  and  the  silica  is  washed 
with  a  hot  solution  consisting  of  5  cc.  of  hydrochloric  add  (sp.  gr.  i .  2) 
to  95  cc.  of  water.  This  filtration  is  preferably  performed  with  suction. 
The  filtrate  is  evaporated  to  dryness  and  tmtil  the  smeU  of  add  has  prac- 
tically disappeared.  The  residue  is  dehydrated  at  110°  for  2  hours, 
taken  up- with  8  cc.  of  hydrochloric  add  (sp.  gr.  i .  i),  covered  and  heated 
on  the  water  bath  five  to  ten  minutes,  diluted  to  about  50  cc.  and  filtered 
immediatdy.  This  filtration  is  performed  without  suction  and^the  wash- 
ing is  done  with  cold  water  containing  i  cc.  concentrated  hydrochloric 

^  This  Journai*,  25, 1202  (1903)- 
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add  to  99  cc.  water.*  The  paper  and  silica  from  the  second  dehydration 
are  placed  in  a  platinum  crucible  and  the  paper  btuned.  The  paper 
containing  the  siUca  from  the  first  dehydration  is  then  added  to  the  cni- 
dble  and  the  silica  is  ignited  to  constant  weight.  Great  care  should  be 
exerdsed  in  burning  the  paper,  as  the  current  of  air  produced  by  a  rapidly 
burning  filter  paper  is  suffident  to  cany  findy  divided  silica  out  of  the 
crudble.  Loss  in  this  way  is  more  serious  when  the  amounts  of  siKca 
are  quite  large,  in  which  case  a  platiniun  crudble  of  at  least  30  cc.  capacity 
should  be  used.  Ignition  for  about  30  minutes  with  a  M&er  burner 
is  usually  suffident  to  produce  constant  wdght.  If  the  amount  of  silica 
is  low,  less  time  may  be  required.  Breaking  up  of  crumbs  and  lumps 
with  a  stiff  platinum  wire  aids  greatly  in  burning  the  last  traces  of  car- 
bon and  redudng  to  constant  wdght.  The  sihca  is  then  determined  by 
loss,  volatiHzing  in  the  usual  way  with  hydrofluoric  add  after  the  addi- 
tion of  a  few  drops  of  sulfuric  acid.  The  nonvolatile  residue  is  then 
fused  with  four  times  its  wdght  of  sodium  carbonate  and  after  addifying 
with  dilute  hydrochloric  add  is  added  to  the  filtrate  from  the  silica  which 
is  examined  in  the  usual  way  for  the  bases. 

Table  VI  shows  the  results  of  analyses  by  the  method  given  of  two 
silicates,  one  of  which  was  a  feldspar,  and  two  limestones,  one  of  which 
was  dolomitic.  The  residts  of  a  third  dehydration  are  also  given.  As 
indicated  in  the  table,  porcelain  casseroles  were  used  in  one  set  and  plati- 
num dishes  in  the  other. 

Tablb  VI. 
Silica  Determiiiations  with  Adopted  Proceduie. 

Gnuna  SiOi  and  noovolatile  residue 
recovered  in  successive  dehydratioiis. 

Pirst  recovery*     Second  recovery.      Total  first  two.    Third 

Bvapora-    *  *  * *       '     ">     *-  "  >recoverr. 

Material.  tion  in       SiOi.      N.V.R.      SiO,.      N.V.R.      SiOi.      N.V.R.     Sift. 

Blank Plat.  0.00080.00030.0002  o.ooio       ..      0.0002 

Silicate  8 Plat.  0.4372  0.0008  0.0030  0.0004  0.4402  0.0012  0.0003 

Pore.  0.4329  0.0003  0.0072  0.0005  0.4401  0.0008  0.0010 

Silicate  20 Plat.  0.6935  o.ooii  0.0033  o.oooi  0.6968  0.0012  0.0003 

Pore.  0.6804  0.0004  0.0166  0.0003  0.6970  0.0007  0.0012 

Limestone  12 Plat.  0.0547  0.0003  0.0020  0.0004  0.0567  0.0007  0.0002 

Pore.  0.0551  0.0003  0.0017  0.0007  0.0568  0.0010  0.0001 
Dolomitic      limestone 

13 Plat,  0.1889  0.0004  0.0022  0.0003  0.1911  0.0007  0.0001 

Pore.  0.1880  0.0015  0.0029  0.0001  0.1909  0.0016  0.0001 

The  data  in  Table  VI  indicate  that  the  method  outlined  gives  ven* 
satisfactory  results.  The  duplicates  agreed  to  within  o.  i  or  0.2  mg.. 
which  is  much  better  than  the  previous  results  in  Table  V.     Two  e\'apwa- 

*  Often  a  little  silica  sticks  so  tenaciously  to  the  sides  of  the  dish  that  washing  C&i^ 
to  remove  it,  and  "in  such  cases  it  is  best  removed  with  a  little  piece  of  ashless  filt» 
paper  which  is  subsequently  burned  with  the  main  precipitate  of  silica. 
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tions  conducted  as  stated  are  sufficient  to  recover  the  silica  when  the  acid 
treatment  is  performed  as  outlined.  The  silica  recovered  in  a  third  evap- 
oration, when  platintmi  dishes  are  used,  ranges  from  o.i  to  0.3  mg. 
These  amounts  are  of  the  same  order  as  those  obtained  in  blank  deter- 
minations or  when  a  fourth  evaporation  is  made,  and  are  to  be  regarded 
as  due  to  contamination  from  the  glass  beakers,  funnels,  wash  water 
and  add  used.  Hillebrand*  states  that  from  2-4  mg.  of  silica  remain  in 
the  solution  after  the  second  evaporation  and  filtration.  The  presence 
of  such  large  amoimts  has  been  entirely  prevented  by  the  method  out- 
lined. The  results  when  porcelain  casseroles  are  used  have  been  favor- 
able. The  results  of  the  third  evaporation  indicate  that  in  certain  cases 
there  may  be  contamination  from  the  porcelain. 

In  other  methods  of  procedure  the  nonvolatile  residue  frequently  ranges 
from  2  to  6  mg.  or  even  much  more  in  basic  rocks.  In  the  method  out- 
lined this  has  been  reduced  with  the  materials  with  which  we  worked 
to  about  I  mg.,  on  the  average,  for  both  recoveries  of  silica.  Prevention 
of  excessive  drying  in  the  first  evaporation  and  the  use  of  a  hot  acidified 
wash  solution  has  made  this  possible.  This  is  a  very  desirable  feature, 
as  it  greatly  reduces  the  time  necessary  to  ignite  the  silica  to  constant 
weight  and  hence  reduces  errors  incident  to  long  continued  heating  of 
platinum  and  also  those  which  may  arise  in  the  correction  for  impurities 
which  have  been  suggested  by  previous  workers. 

Summary. 
The  investigation  reported  was  tmdertaken  for  the  ptupose  of  making 
the  determination  of  silica  more  accurate  and  expeditious.  Certain 
causes  of  error  were  first  investigated  and  later  remedies  worked  out 
and  applied.  The  errors  and  corrections  may  be  stumnarized  as  follows: 
Dehydration  above  no®  leads  to  erroneous  results.  Long-continued 
baking  of  a  large  mass  of  silica  at  no®  is  objectionable,  since  the  result 
is  to  greatly  increase  the  nonvolatile  residue.  When  natm-al  silicates 
are  analyzed,  as  is  well  known,  it  is  impossible  to  recover  all  the  siUca  in 
one  dehydration,  no  matter  how  complete  the  dehydration  may  be.  This 
is  due  to  the  fact  that  silica  has  a  distinct  solubility  in  hydrochloric  acid, 
the  extent  of  which  is  dependent  on  the  strength  and  volume  of  add  used, 
and  time  of  contact.  The  presence  of  considerable  impurities  in  the  silica 
is  objectionable,  since  it  greatly  increases  the  time  necessary  for  ignition 
to  constant  wdght,  and  may  also  cause  an  error  in  the  correction  of  silica 
for  impurities. 

The  difficulties  just  stated  are  overcome  by  the  modified  procedure 

outlined,  the  essential  features  of  which  are  as  follows:    The  main  mass  of 

silica  is  removed  after  simple  evaporation  on  the  water  or  steam  bath 

till  the  material  begins  to  get  granular  but  still  contains  considerable 

1  U.  S.  Geol.  Survey,  BuU,  422,  94  (1910). 
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acid  and  water.  In  this  way  opportunity  for  the  contamination  of  the 
silica  is  greatly  lessened  as  is  also  the  amount  of  nonvolatile  residue, 
which  is  further  decreased  by  the  use  of  the  wash  solution  recommended. 
A  dehydration  temperature  of  more  than  110°  should  never  be  used. 
After  the  second  dehydration,  the  solution  of  appreciable  amounts  of 
silica  is  prevented  by  limiting  the  amount  and  strength  of  acid  used  and 
also  the  period  of  its  contact. 

Our  experience  as  well  as  our  students'  experience  with  this  procedure 
as  outlined  has  given  more  accurate  silica  results  than  any  other  proced- 
ure, and  with  the  purpose  of  calling  to  the  attention  of  the  analyst  some 
of  the  pitfalls  in  the  determination  of  silica  and  in  the  subsequent  de- 
termination of  the  bases,  the  following  observations  are  appended,  all 
of  which  our  laboratory  experience  has  induced  us  to  emphasize,  though 
some  have  been  repeatedly  pointed  out: 

1.  In  the  sodium  carbonate  fusion  method  with  silicates,  there  is  always 
a  nonvolatile  residue  when  the  silica  is  volatilized  with  hydrofluoric  and 
sulfuric  adds. 

2.  The  nonvolatile  residue  contains  the  various  bases,  and  should  be 
fused  with  sodium  carbonate  and  added  to  the  filtrate  from  the  silica 
when  the  bases  are  to  be  determined. 

3.  In  the  dehydration  of  the  silica  from  the  hydrochloric  acid  treatment 
of  the  fusion,  the  temperattu-e  should  never  be  allowed  to  go  above  1 10^. 

4.  Dehydrated  silica  is  appreciably  soluble  in  hydrochloric  add  of  all 
strengths.    With  the  dilute  add  used,  this  error  is  almost  negligible. 

5.  Dehydrated  silica  is  slightly  soluble  in  solutions  of  the  alkaline 
chlorides.  As  sodium  chloride  is  always  present  from  the  sodium  car- 
bonate fusion,  an  inherent  error  is  obviously  thus  introduced. 

6.  The  dehydrated  silica  along  with  the  mass  of  anhydrous  chlorides 
must  not  be  treated  first  with  water,  since  hydrolysis  causes  the  forma- 
tion of  insoluble  basic  chlorides  of  iron  and  altmiinum,  which  do  not  dis- 
solve completdy  in  hydrochloric  add. 

7.  Hydrochloric  add  (sp.  gr.  i .  i)  in  minimum  amount  should  be  used 
first  to  wet  the  dehydrated  chlorides  and  should  be  followed  by  water 
to  bring  the  volume  to  about  50  cc,  after  which  the  silica  should  be  fil- 
tered off  as  quickly  as  possible. 

8.  Pure  silica  comes  quickly  to  constant  weight  on  ignition.  SUghtly 
impure  siHca  frequently  reqtures  long  heating  with  the  blast  flame  in  order 
to  attain  constant  weight,  and  is  then  commonly  hydroscopic, 

9.  Evaporations  of  the  addtdated  fusion  in  porcdain  give  practically 
as  good  results  as  when  platinum  is  used. 

10.  Filtration  of  the  main  bulk  of  the  silica  after  one  evaporation  is 
desirable,  inasmuch  as  the  silica  is  removed  at  once  from  the  solutions 
which  act  as  solvents. 
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11.  Dehydration  of  the  silica  tinder  reduced  pressure  has  no  advan- 
tages over  the  common  evaporation  at  ordinary  atmospheric  pressure. 

12.  Excessive  time  of  dehydration,  viz.,  4  hours,  possesses  no  advan- 
tages. 

13.  Excessive  amounts  of  soditun  carbonate  should  be  avoided,  since 
the  soditun  chloride  subsequently  formed  exerts  a  solvent  action  on  the 
silica.  The  best  proportions  are  4-5  parts  sodium  carbonate  to  i  of  sili- 
cate. Less  than  4  parts  of  sodimn  carbonate  is  frequently  insufficient 
to  completely  decompose  many  silicates. 

14.  The  nonvolatile  residue  has  been  found  to  be  invariably  free  from 
sodium.  Pure  silica,  on  fusion  with  sodium  carbonate,  subsequently 
gives  no  nonvolatile  residue. 

Madison,  Wzscommi. 


NOTE. 

A  Simple  Device  for  Regulating  the  Pump  Used  in  Exhausting  a  Vacuum 
Oven. — When  operating  a  vacuum  oven  it  is  customary  to  keep  the  pump 
running  continuously,  since  the  best  ovens  on  the  market  will  not  hold 
a  vacutun  more  than  a  few  hours,  especially  at  elevated  temperatures. 
With  a  good  pump  the  initial  exhaustion  of  the  oven  can  be  accomplished 
in  a  very  few  minutes.  The  subsequent  leakage  of  air  is,  however,  so  slow 
that  the  continuous  operation  of  the  pump  for  days  at  a  time  seems  a 
waste  of  power.  The  simple  device  described  in  this  paper  can  be  so  ad- 
justed as  to  start  and  stop  the  motor  automatically  for  any  desired  range 
of  vacuum,  thus  effecting  a  considerable  saving  of  power.  The  materials 
of  which  it  is  constructed  are  to  be  found  in  any  chemical  laboratory, 
and  very  little  mechanical  skill  is  required  to  assemble  them. 

The  oven  to  which  this  device  was  attached  is  a  Freas'  Electrically 
Heated  Vacuum  Oven  connected  to  a  Crowell's  Pressure  and  Vacuum 
Pump,  the  latter  operated  by  a  one-horse-power  motor.  When  the  oven 
is  maintained  at  100^  temperattu-e  and  20  to  60  mm.  pressure,  the  appara- 
tus described  below  starts  the  motor  18  to  20  times  per  hour,  allowing  it 
to  run  about  30  seconds  each  time.  Thus  at  an  average  pressure  of  40 
mm.  the  pump  runs  only  one-sixth  of  the  time.  As  stated  above,  the 
apparatus  may  be  adjusted  for  any  desired  range  of  pressure,  the  motor 
starting  at  the  maximum  and  stopping  at  the  minimum  pressure. 

Referring  to  the  diagram..  A  is  the  tube  leading  to  the  vacumn  pump. 
The  bottle  B  serves  as  a  trap  to  catch  any  mercury  that  may  be  drawn 
out  of  D.  The  bottle  D  contains  mercury.  Tube  E  (6  mm.  inside  diam- 
eter) which  is  about  80  cm.  long,  projects  i  cm.  into  the  mercury  in  D. 
When  the  pump  stops,  the  atmospheric  pressure  raises  the  mercury  in 
E  corresponding  to  the  vacuum,  thus  closing  the  chamber.  When  the 
pump  is  running,  the  air  is  required  to  bubble  through  only  i  cm.  of  mer- 
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cury.  F  and  G  are  filled  with  calcium  chloride  to  prevent  the  water  given 
off  by  the  samples  in  the  oven  from  contaminating  the  mercury  or  the 
oil  in  the  pump. 

To  the  outlet  of  the  vacuum  oven  H  is  attached  the  **U**  tube  K  L. 
This  tube,  which  contains  mercury,  is  supported  by  the  standard  0. 
The  arm  K  is  about  90  cm.  long  and  has  an  c^argement,  I  (3  cm.  in  diam- 
eter), situated  80  cm.  above  the  lower  end.  The  arm  L  is  about  80  cm. 
long  and  12  mm.  inside  diameter.     It  contains  a  glass  float,  M,  which  is 
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12  cm.  long.  This  float  is  in  the  form  of  a  plunger,  with  a  small  btdb 
at  the  lower  end  and  small  projections  near  the  top.  This  keeps  the  float 
surrounded  with  mercury  and  prevents  adhesion.  The  rod  N  connects 
the  plunger  M  with  switch  P,  which  is  an  ordinary  throw  switch  on  a  por- 
celain back,  R.  This  switch  is  mounted  on  a  block,  5»  which  is  so  made 
that  it  can  be  adjusted  by  sliding  it  up  and  down  on  the  standard  0. 
The  wires  T  lead  to  the  motor. 
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When  the  desired  vacuum  is  reached,  block  S  is  so  adjusted  that  float 
M  will  just  open  switch  P.  As  the  air  leaks  into  the  oven,  the  column 
of  mercury  will  raise  the  float  M  and  close  the  switch,  thus  starting  the 
pump. 

The  use  of  the  bulb  /  reduces  the  pressure  required  to  throw  the  switch 
to  25  mm.  of  mercury  in  place  of  80  mm.,  the  height  which  would  be  re- 
quired were  the  tube  without  the  bulb. 

The  above  apparatus  has  been  in  constant  use  in  our  laboratory  for 
two  months  and  has  given  entire  satisfaction. 

G.  P.  Plaisance  and  D.  V.  Moses. 

Chsmicai^  Ssctxom, 
Iowa  Agricdltural  Exv«kzicsmt  Station. 


[Contribution  from  the  Chemical  Laboratory  of  the  University  of 

MicmoAN.] 

THE  CONSTITUTION  OF  THE  THREE  SYMMETRICAL 
DmiTROPYROCOLLS. 

By  William  J.  Hals  and  Wzxaiam  V.  Hoyt. 
Received  February  23.  1916. 

The  nitration  of  pyrocoll,  as  first  reported  by  Ciamician  and  Danesi,* 
led  to  the  formation  of  a  dinitrop)rrocoll  of  unknown  constitution.  The 
hydrolysis  of  this  dinitro  derivative  yielded  a  mononitro-a-carbop)rrroUc 
acid  in  which  the  position  of  the  nitro  group  still  remained  an  undetermined 
factor.  In  a  study  of  the  constitution  of  each  of  the  three  possible  mono- 
nitro-a-carbop)rrrolic  acids,*  it  was  found  that  the  method  of  Ciamician 
and  Danesi  was  the  only  practical  way  of  preparing  this  one  acid  just 
mentioned.  Eventually,  when  we  were  able  to  establish  the  position  of 
the  nitro  group  for  each  of  the  three  adds,  this  acid  became  identified  as 
^-nitro-a-carbopyrrolic  acid.  The  constitution  therefore  of  the  inter- 
mediate product — ^the  unknown  dinitrop)rrocoll — ^was  then  open  for  con- 
sideration and  in  similar  manner  each  of  the  three  possible  symmetrical  di- 
nitrop)rrocolls  may  be  studied. 

The  production  of  this  one  /J-nitro-a-carbopyrrolic  acid  in  the  absence 
of  isomers  when  the  unknown  dinitropyrocoll  is  hydrolyzed  (a  fact  noted 
also  by  Ciamician),  has  led  us  to  the  conclusion  that,  during  this  nitration 
of  p)nrocoll,  two  nitro  groups  apportion  themselves  equally  and  sym- 
metrically upon  the  two  pyrrole  nuclei  in  the  pyrocoU  molecule.  That 
configuration,  therefore,  for  this  dinitropyrocoll,  which  alone  will  satisfy 
this  condition  and,  by  hydrolysis,  permit  of  the  total  conversion  into 
two  molecules  of  )8-nitro-a-carbopyrrolic  acid,  is  designated  as  sym, 
/?,  iS-dinitropyrocoll . 

^  Gazz,  chim.  ital.,  12,  39  (1882). 

*  Tms  JouRNAi,,  37,  2538  (1915)  • 
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Further,  in  order  to  check  this  interpretation,  we  have  reconverted  the 
j8-nitro-a-carbop)rrrolic  acid  into  this  i8,j8-dinitropyrocoll  of  Ciamidan 
and  Danesi.  The  method  was  suggested  by  the  known  action  of  acetic 
anhydride  upon  a-carbopjrrrolic  add,  from  which  Ciamidan  and  SBber* 
were  able  to  prepare  pure  pyrocoll.  In  the  case  of  /S-nitro-a-carbopynofe 
>  Ber.,  17,  103  (1884). 
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add  the  condensation,  in  the  presence  of  acetic  anhydride,  proceeded 
smoothly  and  gave  an  ahnost  quantitative  3rield  of  iS,i9-dinitropyrocoU. 
The.  required  temperature,  that  of  boiling  acetic  anhydride,  would  indicate 
the  initial  formation  of  an  acetyl  derivative  and  the  subsequent  loss  of 
acetic  acid  between  two  molecules  of  this  product  during  the  condensation 
into  one  molecule  of  jS,/9-dinitropyrocoll. 

The  nitration  of  p3nrocQU,  as  described  by  Ciamidan  and  Danesi,  led 
no  doubt  in  most  cases  to  the  formation  of  j8,/3-dinitropyrocoll.  Slight 
alterations  in  the  concentrations  of  nitric  add  used  and  in  the  temper- 
ature at  which  nitration  was  conducted  naturally  may  be  expected  to  give 
widely  varying  results.  Ciamidan  and  Danesi  employed  fuming  nitric 
add  cooled  with  ice.  We,  on  the  other  hand,  have  found  that  the  best 
conditions  for  the  production  of  this  same  i8,j8-dinitropyTocoll  are  ob- 
tained when  ftuning  nitric  add  is  reduced  to  a  specific  gravity  of  1.50  and 
a  constant  temperature  of  4-10^  is  maintained.  Under  these  conditions 
the  nitration  was  found  to  proceed  almost  exdusively  to  the  formation  of 
/8,i8-dinitropyrocoll. 

When  the  temperature  of  the  nitric  acid  was  considerably  lowered, 
we  were  able  to  isolate  .from  the  reaction  mixture  a  nev^  isomer  differing 
entirdy  from  that  dinitropyxocoU  just  described.  The  best  conditions 
for  the  production  of  this  second  dinitrop3rrocoll  consist  in  the  use  of  an 
add  of  the  specific  gravity  of  1.6-1.7  and  a  constant  temperature  so  low 
as  — 10®  to  — ^4**.  The  product  thus  obtained  is  never  pure  but  more  or 
less  contaminated  with  a  third  dinitropyrocoll.  These  two  new  dini- 
tropyrocolls  can  be  separated  by  gentle  warming  with  acetic  acid  in  which 
the  latter,  or  third  isomer,  is  scarcdy  soluble.  When  thus  separated  the 
former,  or  second  named  isomer,  is  best  ptuified  by  crystallization  from 
acetic  add.  It  decomposes  at  240-5^.  The  third  isomer  is  produced  in 
small  quantity  only,  a  10%  yidd  is  usually  the  maximmn,  whereas  the 
yield  of  the  other  two  may  exceed  60%  of  the  theoretical  value. 

The  second  product,  obtained  as  above,  was  hydrolyzed  in  the  same 
manner  as  stated  for  the  i8,/9-dinitropyrocoll.  The  add  obtained  mdted 
a.t  161°  and  proved  to  be  identical  in  all  respects  with  the  add  prepared 
by  Anderlini^  (m.  p.  i6i  °),  and  latdy*  shown  by  us  to  possess  the  consti- 
tution of  an  a'-nitro-a-carbop)rrrolic  add.  By  reason  of  the  fact  that  this 
a,cid  is  the  only  product  resulting  from  the  hydrolysis  just  mentioned, 
axid  further  by  reason  of  its  ready  conversion,  through  the  agency  of  acetic 
axihydride,  into  this  same  original  dinitropyrocoll  from  which  it  was  pre- 
pared, we  are  led  to  the  condusion  that  this  second-named  isomer  of 
dinitropyrocoll  is  a',a'-dinitrop)n:ocoll  (II). 

The  third  dinitropyrocoll,  which,  as  has  been  stated,  can  be  procured 
^  Gasz.  ckim.  Hal.,  29,  350  (1889). 
»  This  Journal,  37. 2545  (1915). 
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only  in  very  small  amounts  is  that  product  left  undissolved  in  the  glacial 
acetic  acid  used  to  remove  the  second  isomer,  or  a^a'-dinit^opyroo(rfL 
It  is  best  purified  by  crystallization  from  nitrobenzene.  It  is  the  most 
stable  of  the  three  forms,  its  decomposition  taking  place  above  315  ®. 

When  hydrolyzed  by  alkali  this  dinitropyrocoU  3aelded  an  add  (m.  p. 
217°),  which  was  found  identical  with  that  s}aithesized  by  us  from  nitro- 
malonic  aldehyde  and  glycine  ester,  and  to  which  the  constitution  of  a 
i8'-nitro-a-carbop5rrrolic  acid  must  be  assigned.  This  add,  prepared  by 
either  method,  is  readily  converted  by  the  action  of  acetic  anhydride 
into  the  original  dinitrop3nrocoll  from  which  it  alone  results  upon  hydrolyas. 
The  structure  therefore  of  this  third  and  last  isomer  of  the  symmetrical 
dinitropyrocoUs  must  accord  with  that  of  a  j8',j8'-dinitropyrocoll  (III)- 

The  study  of  the  possible  unsymmetrical  dinitrop)^ocolls  has  not  been 
undertaken.  The  nitration  of  pjnrocoU  leads  primarily,  if  not  'exclusively, 
to  the  symmetrical  dinitro  derivatives.  Though  we  may  well  have  under- 
taken to  synthesize  the  unsymmetrical  derivatives  by  condensation  be- 
tween mixed  acids,  our  interest  lay  primarily  in  the  nitration  of  pyrocoB 
itself. 

Bzperimental  Part. 

Preparation  of  Pyrocoll. — In  a  general  way  our  method  of  preparation 
was  the  same  as  that  described  by  Weidel  and  Ciamician.*  100  g.  of  com- 
merdal  gelatin  (preferably  of  low  grade),  were  tightly  compressed  into  a 
copper  retort  of  about  750  cc.  capacity.  The  retort  cover  was  then 
clamped  tightly  upon  the  vessel.  A  slightly  bent  glass  tube  i  meter  long 
and  16  mm.  diameter,  to  serve  as  a  condenser,  was  now  fitted  into  the  20 
mm.  opening  in  the  retort  cover  and  the  joint  ti^tly  packed  with  shredded 
asbestos.  It  was  found  best  to  tilt  the  retort  slightly  toward  the  exit 
tube  and  to  apply  the  full  flame  of  a  large  Mtfker  burner  just  behind  the 
cover  or  exit.  The  tendency  for  the  gelatin  to  foam  out  through  the  exit 
tube  is  thus  avoided  as  all  of  the  material  in  passing  over  the  halted 
portion  of  the  retort  undergoes  instant  decomposition.  After  15-20 
minutes*  heating  oily  drops  begin  to  collect  in  the  upper  end  of  the  con- 
denser and  at  the  same  time  pyrocoll  distills  over,  condensing  as  a  yellofw 
crystalline  product  on  the  walls  of  the  tube.  The  heating  must  be  suffi- 
ciently rapid  to  insure  complete  decomposition  and  also  to  avoid  the  slow 
formation  of  ammoniiun  salts,  which  are  likely  to  be  seen  as  a  wWtc 
crystalline  deposit  at  the  farther  end  of  the  condenser.  On  the  other  hand, 
a  too  rapid  heating  may  easily  lead  to  a  choking  of  the  delivery  tube. 
When  the  decomposition  of  this  amount  of  gdatin  was  complete,  usually 
one  hom'*s  time,  the  contents  of  the  tube  were  washed  out  with  alcohol 
and  the  insoluble  pyrocoll  collected  upon  a  filter.  The  yield  amounted  to 
*  Manats.,  i,  280  (1880). 
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0.5-0.6  g.  for  100  g.  of  gelatin.    The  pyrocoU  (m.  p.  268®),  was  purified 
by  crystallization  from  boiling  glacial  acetic  add. 

0,/3-Dinitropyrocoll,  CioH40«N2(NOj),  (I).— This  product  is  that  which 
was  obtained  by  Ciamician  and  Danesi,^  in  nitrating  pyrocoll  with  fuming 
nitric  add.  By  hydrolysis  with  alkali  he  obtained  from  it  the  nitro-a-carbo- 
pyrrolic  add  mdting  at  146^.  The  constitution  of  this  add,  now  known, 
estabHshes  the  constitution  of  this  dinitrop3rrocoll  as  already  discussed.  The 
method  employed  by  Ciamician  and  Danesi  does  not  give  uniform  results, 
but  leads  to  mixtures  of  all  three  of  the  possible  dinitropyrocolls.  The 
following  method,  however,  will  give  the  best  yidd  of  this  particular 
/?,iS-dinitrop3rrocoll  with  the  smallest  portions  of  the  other  two  isomers. 

Two  grams  of  pyrocoll  were  added  in  about  o.i  g.  portions  to  approxi- 
mately 40  g.  of  nitric  add  of  1.50  sp.  gr.  A  temperature  of  4  to  lo®  must 
be  maintained  throughout  these  additions.  The  p3rrocoll  dissolved  readily 
with  the  attendant  evolution  of  nitrogen  tetroxide.  When  all  of  the 
pyrocoll  was  thus  dissolved  the  dark  brown  liquid  was  gently  warmed  on 
the  steam  bath  for  a  few  moments,  or  until  the  evolution  of  the  excess  of 
nitric  oxides  had  ceased.  The  red  liquid  was  then  poured  into  an  excess 
of  ice  and  water  (150  cc),  whereupon  a  ydlow  noncrystalline  product 
was  predpitated.  This  product  removed  and  dried  upon  a  porous  plate 
was  treated  with  cold  ethyl  acetate  which  leaves  undissolved  the  other 
iinitropyrocolls  possibly  present.  That  product  left  upon  the  evapora- 
tion of  the  ethyl  acetate  was  dissolved  in  hot  gladal  acetic  acid,  from  which 
t  crystallizes  in  fine  yellow  prisms,  The  yidd  amounts  to  about  60% 
>f  the  theoretical  quantity.  This  j9,i8-dinitropyrocoll  is  fairly  soluble  in 
ice  tic  acid,  nitrobenzene,  acetone  or  ethyl  acetate;  slightly  soluble  in 
ilcohol  or  benzene;  and  practically  insoluble  in  ether,  ligroin,  chloroform 
>r  ^water.  It  dissolves  to  a  considerable  extent  in  cold  ethyl  acetate. 
Crystallization  is  best  accomplished  from  a  solution  in  mtrobenzene  or 
ia.cial  acetic  add.  /8,/3-Dinitrop3rrocoll  has  no  mdting  point  but  decom- 
oses  at  220-5°.  When  warmed  with  a  20%  potassium  hydroxide  solu- 
lon  until  a  test  portion  fails  to  give  a  predpitate  upon  addification  with 
ilute  sulfuric  acid  the  hydrolysis  of  this  dinitropyrocoU  is  complete,  and 
'om  the  original  alkaline  soluticm,  when  thoroughly  cooled  and  acidified, 
c  traction  with  ether  will  give  the  jS-nitro-a-carbopjrrroUc  acid  as  pre- 
lotisly  described. 

0.1 191  g.  subst.  gave  22.3  cc.  Ni  (24.7**  and  748.4  mm.  over  HjO). 
Calc.  for  CioH40«N4:  N,  20.30.     Pound:  N,  20.49. 

If   now  this  j8-nitro-a-carbopyrroKc  add  is  dissolved  in  acetic  anhydride 
id  lieated  to  boiling  under  a  reflux  condenser  for  one  hour  the  resulting 
trie  yellow  solution,  upon  evaporation,  is  found  to  give  the  original  /3,/S- 
nitropyrocoll  as  antidpated. 
i  Loc,  cii. 


Digitized  by  VjOOQIC 


loyo  WILLIAM  J.   HALE  AND  WILLIAM  V.  HOYT. 

a^a'-Dinitropyrocoll,  CioH402Ns(NOi)s  (II). — ^No  mention  is  made  by 
Ciamidan  and  Danesi^  of  having  obtained  even  a  trace  of  this  isomer 
along  with  the  dinitropyrocoU  which  they  prepared.  The  following 
method  for  the  nitration  of  pyrocoU  was  found  to  yield  chiefly  the  a'^a'- 
dinitropyrocoU.  Two  grams  of  pjrrocoll  were  added  in  about  o.i  g.  por- 
tions to  about  40  g.  of  strong  nitric  add  of  1.6  to  1.7  sp.  gr.  A  tonpera- 
ture  of  — 10°  to  — ^4°  must  be  maintained  throughout  this  nitration. 
If  the  temperattu-e  should  rise  we  naturally  may  expect  a  certain  quantitj 
of  the  i8,i8-dinitropyrocoll  will  be  formed  as  in  the  preceding  preparatioiL 
If  the  temperature  falls  too  low  the  pyrocoU  dissolves  without  attendant 
nitration  and  the  subsequent  dilution  of  the  nitration  mixture  yields  a 
tarry  product  of  unknown  composition.  When  the  nitration  was  complete, 
according  to  the  method  just  described,  the  red  solution  was  wanned 
upon  the  water  bath  for  a  few  minutes  and  then  poured  into  about  150  cc. 
of  ice  water.  The  predpitate  thus  formed  has  a  somewhat  more  vdinm- 
nous  appearance  than  the  corresponding  predpitate  in  the  case  of  the 
j3,/9-dinitropyrocoll.  After  filtration  the  predpitate  is  dried  upon  a  poroos 
plate  and  treated  with  cold  ethyl  acetate  to  remove  any  traces  of  the 
/3,i9-dinitropyrocoll.  It  is  next  treated  with  glacial  acetic  add«  tmder 
gentle  warming,  and  the  solution  concentrated,  whereupon  the  a\ii' 
dinitrop)a-ocoll  crystallizes  out  in  fine,  yellow  prisms.  The  yield  is  aboot 
60%  of  the  theoretical  quantity.  This  a',a'-dinitropyrocQll  is  fairff 
soluble  in  acetic  add,  nitrobenzene,  or  acetone;  slightly  soluble  in  aloobol 
benzene,  or  ethyl  acetate,  and  practically  insoluble  in  ether,  ligroin,  chloro- 
form, or  water.  It  crystallizes  best  from  acetic  add  or  nitrobenzefit 
It  has  no  sharp  melting  point,  but  decomposes  at  240-5**. 

0.1406  g.  subst.  gave  26.2  cc.  Ni  (24.3®  and  746.6  mm.  over  H^). 
Calc.  for  C10H4O6N4:  N,  20.30.    Found:  N,  20.39. 

When  warmed  with  alkali  a',a'-dinitrop3rrocoll  is  hydroljrzed  in  cxactK 
the  same  manner  as  j8,j8-dinitropyrocoll  but  with  the  production  in  tfc 
case  of  a'-nitro-a-carbop)rrrolic  acid  mdting  at  161**.  This  add  in  tnra 
when  treated  with  boiling  acetic  anhydride  is  reconverted  into  the  com- 
sponding  a',a'-dinitropyrocoll. 

i8',j8'-Dinitropyrocoll,  CioH402N,(NOj)j,  (III).— In  the  nitration  i 
pyrocoU,  as  described  for  the  preparation  of  a',a'-dinitropyroc611  there  is 
always  found  a  variable  amount  of  this  third  isomeric  dinitiopyrocoi. 
Scarcdy  any  /3',/3'-dinitrop3n-ocoll  is  produced  in  that  nitration  cscmd 
out  primarily  for  the  preparation  of  /3,/3-dinitropyrocoll.  Consequent^ 
in  the  preceding  preparation  the  product  left  after  treatment  with  edi^< 
acetate,  which  removes  any  traces  of  /9,i9-dinitropyrocoll,  is  next  treani 
with  warm  gladal  acetic  add,  in  which  a',a'-dinitropyrocoIl  is  quite  9oIqI&< 
The  residue  left  after  this  second  process  of  extraction  is  practically  pet 
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j9^j9'-dmitropyrocoll.  This  latter  is  only  sparingly  soluble  in  hot  glacial 
acetic  acid  and  when  so  dissolved  may  be  crystallized  out  in  fine,  yellow 
prisms.  It  is  best  however  to  crystallize  it  from  nitrobenzene,  in  which 
it  is  more  soluble.  0^0'*Dinitrop3rroco]l  is  fairly  soluble  in  nitrobenzene 
or  acetone;  slightly  soluble  in  acetic  add,  alcohol,  benzene,  or  ethyl 
acetate,  and  practically  insoluble  in  ether,  ligroin,  chloroform  or  water. 
It  decomposes  without  melting  at  315-20**.  Upon  hydrolysis  with  strong 
alkaU,  in  the  same  manner  as  directed  for  the  preceding  dinitropyrocoUs, 
this  product  3rielded  0'-nitro-a-carbopyrrolic  acid,  melting  at  217^.  And 
again  by  the  action  of  acetic  anhydride  this  latter  is  most  readily  converted 
into  the  original  /9^jS'-dinitrop3rrocoll. 

0.1392  g.  subst.  gave  0.22 11  g.  COi  and  0.0225  S*  HiO;  0.1734  g.  subst.  gave  32.8 
cc.  Ni  (25.5**  and  741.3  mm.  over  HtO). 

Calc.  for  CioH40iN«:  C,  43^6;  H,  1.46;  N,  20.30.  Pound:  C,  43^3;  H,  i.8x;  N, 
20.42. 

Since  jS^-nitro-a-carbop3rrrolic  acid  is  that  particular  add  which  is  easily 
synthesized  from  glycine  ester  and  nitromalonic  aldehyde,^  its  preparation 
by  the  nitration  of  pjo-ocoll  is  not  to  be  advised.  Furthermore,  the  nitra- 
tion of  pyrocoll  with  this  acid  in  view  has  never  yielded  more  than  10% 
of  the  theoretical  quantity.  It  should  be  stated  further  that  a  small 
amount  of  this  0\/3'-dinitropyrocoll  is  also  usually  found  in  the  product 
obtained  from  the  nitration  of  pyrocoll  according  to  the  method  of  Ciamidan 
and  Danesi.  In  this  connection  we  wish  to  express  otu-  indebtedness 
to  Mr.  E.  M.  Honan,  of  this  laboratory,  for  the  care  he  has  taken  in  check- 
ing our  restilts. 

Amh  Axbox.  Mich. 
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TBS  REACTION  BETWEEN  ALCOHOLS  AND  AQUEOUS  SOLU- 
TIONS  OF  HTDROCHLORIC  AND  HTDROBROMIC  ACIDS. 

By  Jamms  p.  Nouus,  Muxnn,  Watt  and  Rutb  Tbomas. 
Recdved  Pebnivy  28,  1916. 

In  a  previous  paper^  it  was  shown  that  a  large  number  of  aliphatic 
axid  aromatic  alcohols  react  with  aqueous  solutions  of  hydrobromic  add 
axKl  hydriodic  add  and  form  the  corresponding  organic  bromides  and 
iodides,  and  that,  in  certain  cases,  analogous  reactions  take  place  with 
hydrochloric  add.  When  the  alcohols  and  the  constant-boiling  mix- 
tures of  the  adds  and  water  were  distilled,  good  yields  of  the  halides  were 
obtained.  The  substances  formed  in  this  way  were  free  from  the  im- 
purities which  are  present  when  phosphorous  compounds  are  used  to  pre- 
paxe  them.  The  method  has  been  used  when  espedally  pure  halides 
^LoccU. 
'  Am.  Chmn,  J„  38,  627  (1907)* 
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have  been  required  for  investigation,^ 
oratory  guides.*    On  account  of  the  fa 
be  a  valuable  one  in  certain  cases,  it 
havior  of  a  greater  variety  of  alcohok 
chloric  acid  and  hydrobromic  add.     U 
tion  to  that  already  published,  has  be 
in  all  the  cases  studied  it  was  found  t 
same  way  as  hydrobromic  acid;  the  < 
slightly  better  yields  were  obtained 
were  selected  for  study  to  throw  hght 
of  structure  on  the  readiness  with  wl 
cause  of  the  difference  between  the  behi 
of  hydrobromic  acid,  the  value  of  hydi 
for  an  alcohoHc  hydroxyl  group,  and 
reaction  as  a  general  preparative  metl 

The  effect  of  the  structiu-e  of  the  a 
The  rate  at  which  primary  alcohols 
acid  (sp.  gr.  1.49)  decreases,  in  general, 
The  alcohol  with  the  highest  moleculai 
a  yield  of  72%  of  bromide  was  obtaii 
mixture  of  the  alcohol  and  acid  in  the 
former  to  foiu-  of  the  latter. 

The  conclusion  drawn  from  the  pre^ 
and  tertiary  alcohols,  namely,  that  th( 
above  order,  was  confirmed. 

A  study  of  the  difference  between 
and  hydrobromic  acid  brought  out  so 
be  the  subject  of  further  study,  since  n 
for  the  great  difference  in  the  behavior 
in  the  previous  paper  that  benzyl  alc< 
hydrochloric  acid,  whereas  ethyl  alcol 
the  methyl  radical  by  phenyl  brough 
of  a  number  of  primary  saturated  a 
none  reacts  with  aqueous  hydrochloric  i 
The  influence  of  the  presence  of  a  phen 
To  determine  the  effect  of  the  position  c 
alcohol  with  hydrochloric  acid,  alcohol 

*  See  Michael,  Ann.,  379,  291  (191 1)  ai 
in  the  case  of  some  of  the  higher  alcohols  the 
and  aqueous  hydrobromic  acid  contained  small 
the  latter  were  removed  by  shaking  the  hal: 
permanganate.  In  order  to  avoid  the  forma ti( 
carried  out  at  as  low  a  temperature  as  possible 

*  See  "Practical  Organic  Chemistry,"  Sud 
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Studied  under  the  same  conditions:  CeHtCHsOH,  C«H6CH2CH20H,  and 
C«H6CHsCHsCH20H.  Benzyl  alcohot  was  readily  converted  into  benzyl 
chloride  in  the  cold  by  concentrated  hydrochloric  acid,  and  when  dis- 
tilled with  add  of  the  specific  gravity  i .  i  gave  a  good  yield  of  the  chloride. 
Primary  phenylethyl  alcohol  gave  but  a  trace  of  the  chloride,  and  there 
was  no  reaction  with  the  derivative  of  propyl  alcohol. 

Since  the  phenyl  radical  is  negative,  it  seemed  possible  that  an  aliphatic 
radical  more  negative  than  methyl  or  ethyl  if  joined  to  the  carbinol  car- 
bon..  might  produce  an  efifect  similar  to  that  of  the  aryl  radical.  Ac- 
cordingly, the  behavior  of  allyl  alcohol,  CH2  =  CH.CHjOH,  with  hydro- 
chloric acid  (sp.  gr.  i.i)  was  studied.  In  this  case  the  vinyl  radical,  which 
has  a  negative  nature  due  to  the  double  bond,  replaces  the  phenyl  radical 
of  benzyl  alcohol.  When  allyl  alcohol  was  distilled  with  a  large  excess 
of  the  constant-boiling  mixture  of  hydrochloric  acid  and  water,  a  yield 
of  50%  of  allyl  chloride  was  obtained.  It  is  interesting  to  note  in  this 
connection  that  the  ionization  constant  of  benzoic  acid,  C6H6.COOH, 
is  0.0060,  and  that  of  acrylic  add,  CHj  =  CH.COOH,  is  0.0056.  The 
phenyl  radical  and  the  vinyl  radical  have  approximately  the  same  effect 
on  the  ionization  of  the  adds  made  up  of  these  radicals  and  the  carboxyl 
group;  they  have  thus  approximately  the  same  electronegative  character. 
It  is  probable  that  this  character  is  a  determining  factor  in  the  behavior 
of  compounds  containing  these  groups;  the  similarity  of  the  reactivity 
of  benzyl  alcohol  and  allyl  alcohol  is  an  example.  The  behavior  of  other 
substances  which  contain  the  vinyl  radical  resembles  markedly  that  of 
compounds  of  analogous  structtu'e  dontaining  the  phenyl  radical.  This 
important  fact  is  being  investigated  further. 

As  has  been  stated  above,  there  was  no  chloride  formed  from  primary 
phenylpropyl  alcohol,  C«H6CH2CH2CH20H,  and  hydrochloric  add; 
cinnamyl  alcohol,  CeHjCH  ==  CHCH2OH,  on  the  other  hand,  gave  a 
yield  of  80%  of  the  chloride  when  distilled  with  aqueous  hydrochloric 
add  (sp.gr.  i.i).  The  results  with  the  aromatic  alcohols  and  with  the  two 
unsaturated  alcohols  bring  out  the  important  fact  that  the  reactivity 
of  alcohols  with  hydrochloric  add  is  fadlitated  by  the  accumulation  of 
negative  radicals  around  the  carbinol  carbon  atofn.  If  the  reaction 
between  an  alcohol  and  an  acid  is  similar  to  that  between  a  base  and  an 
add,  it  appears  that  the  accumulation  of  negative  radicals  indreases 
basidty.  This  point  of  view,  which  seems  far  from  reasonable  at  first 
sight,  is  not  necessarily  false.  It  is  possible  that  the  proper  balance  of  the 
so-called  negative  radicals  may  produce  the  behavior  which  we  assodate 
with  positive  radicals.  The  case  of  the  iodonium  compounds  is  an  ex- 
ample; by  the  union  of  two  negative  phenyl  radicals  with  an  iodine  atom, 
we  obtain  a  group  (C«H5)2l,  which  has  marked  basic  properties,  since 
diphenyliodcmium  hydroxide  (C6Hft)2l.OH,  is  a  comparativdy  strong  base. 
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Recent  work  on  the  base-forming  property  of  oxygen  brings  out  the  fact 
that  when  radicals  containing  double  bonds  are  hnked  to  oxygen  the 
resulting  compotmds  show  a  greater  basicity  than  those  containing  satu- 
rated radicals.  Since  radicals  containing  double  bonds  are  more  negative 
than  the  corresponding  saturated  ones,  the  results  indicate  that  increase 
to  a  certain  degree  in  the  negativity  of  the  substituents  in  a  molecule 
increases  the  basicity  or  positive  character  of  the  group  made  up  of  th^e 
radicals.  Experiments  which  have  been  carried  out  to  test  this  view  indi- 
cate that  the  basicity  of  alcohols  can  be  increased  by  jgrouping  negative 
radicals  around  the  carbinol  carbon  atom. 

It  is  possible  that  the  reaction  between  an  alcohol  and  an  add  is  not 
of  the  same  nattue  as  that  between  an  inorganic  base  and  an  add.  Ex- 
periments are  now  in  progress  to  bring  additional  light  on  this  important 
question.  It  is  highly  probable  that  other  factors  than  those  of  positivity 
and  negativity  are  of  importance  in  the  reactions  studied.  The  experi- 
ments in  progress  indude  a  search  for  these  factors. 

In  order  to  study  further  the  effect  of  the  nature  of  the  radicals  present 
in  an  alcohol  on  its  reactivity  with  hydrochloric  add,  the  three  nitrobenzyl 
alcohols  were  investigated.  In  no  case  was  the  hydroxyl  group  replaced 
by  chlorine.  The  introduction  of  the  nitro  group  into  the  phenyl  radical 
markedly  increases  its  negativity,  since  the  ionization  constants  of  the 
nitrobenzoic  adds  are  much. greater  than  that  of  benzoic  add.  It  is 
evident,  therefore,  that  if  the  negativity  of  a  group  is  a  factor  in  determining 
the  basidty  of  an  alcohol,  there  are  Umits  in  the  negativity,  between  which 
the  highest  degree  of  basidty  is  produced.  The  effect  of  the  nature  of 
radicals  on  basidty  is  being  studied  from  this  point  of  view. 

It  was  stated  above  that  increase  in  molecular  weight  in  the  paraffin 
series  decreases  the  activity  of  the  alcohol  and  that  secondary  alcohols 
react  more  readily  than  primary  alcohols.  Secondary  butyl  alcohol 
formed  a  chloride  with  hydrochloric  add,  but  secondary  octyl  alcohol  did 
not.  The  effect  of  increased  molecular  weight  in  this  case  overcame  the 
effect  of  the  secondary  structure. 

AH  the  alcohols  studied  formed  bromides  when  heated  with  the  constant- 
boiling  mixture  of  hydrobromic  add  and  water.  Since  27  aliphatic  and 
aromatic  alcohols,  which  vary  markedly  in  structure,  have  been  studied, 
it  seems  that  the  reaction  can  be  advantageously  used  as  a  reliable  quali- 
tative test  for  an  alcoholic  hydroxyl  group  in  monatomic  alcx^hob. 
Aqueous  hydriodic  add  reacts  with  certain  esters  and  ethers,  and,  as  a 
consequence,  cannot  be  used  in  testing  for  the  presence  of  alcoholic  hy- 
droxyl. It  seemed  desirable,  therefore,  to  determine  if  aqueous  hydro- 
bromic acid  reacted  in  an  analogous  way.  The  add  did  not  convert 
ether  or  ethyl  acetate  into  ethyl  bromide  when  the  substances  were  dis- 
tilled together.     It  is  probable,  therefore,  that  ethers  and  esters  ^vrtuch 
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behave  normally  will  not  react  with  hydrobromic  acid  under  the  conditions 
to  be  used  in  the  test  for  the  hydroxyl  group,  namely,  heating  the  substance 
to  be  investigated  in  an  open  vessel  with  the  constant-boiling  aqueous 
solution  of  hydrobromic  add.  It  is  probable  that  in  certain  cases  hydro- 
bromic add  is  a  better  reagent  for  alcoholic  hydroxyl  than  acetyl  chloride, 
or  acetic  anhydride,  since  these  substances  react  at  times  with  addic 
hydroxyl. 

The  statements  above  refer  to  monatomic  alcohols.  A  study  has  been 
begun  of  the  behavior  of  polyatomic  alcohols  with  hydrobromic  add. 
Glycol  was  in  part  converted  into  ethylene  bromide,  and  glycerol  into  a 
bromohydrin.  The  yidds  in  both  cases  were  small.  Details  of  the  re- 
actions are  given  in  the  experimental  part  of  the  paper. 

Since  in  all  the  cases  of  monatomic  alcohols  studied  good  yidds  of  bro- 
mides and  iodides  were  obtained,  the  reactions  can  be  advantageously 
used  to  prepare  these  compounds.  In  this  paper  no  work  on  hydriodic 
acid  is  reported,  but  as  has  been  stated,  the  reactions  with  this  add  take 
place  more  readily  than  with  hydrobromic  add,  and  it  is  highly  probable 
that  iodides  cotdd  be  prepared  from  the  alcohols  whose  behavior  with 
hydrobromic  add  is  described  bdow. 

Experimental  Part.^ 

In  the  paper  to  which  reference  has  been  made  a  description  was  given 
of  the  action  of  hydrochloric,  hydrobromic  and  hydriodic  adds  on  the 
alcohols  containing  the  following  radicals:  methyl,  ethyl,  propyl,  isopropyl, 
isobutyl,  secondary  butyl,  tertiary  butyl,  isoamyl,  allyl,  benzyl,  diphenyl- 
methyl,  triphenylmethyl  and  tritolylmethyl.  In  this  paper  are  given 
the  results  of  the  study  of  the  alcohols  containing  the  following  radicals: 
allyl,  tertiary  amyl,  heptyl  (pentamethylethanol),  nonnal  octyl,  sec- 
ondary octyl,  cetyl,  ortho-,  meta,-  and  paranitrobenzyl,  primary  phenyl- 
ethyl,  primary  phenylpropyl  and  cinnamyl.  Glycol  and  glycerol  were 
also  studied. 

Allyl  Alcohol. — The  alcohol  was  mixed  with  varying  quantities  of  hydro- 
chloric add  and  slowly  distilled.  The  highest  yidds  of  chloride  were 
obtained  when  the  constant-boiling  mixture  of  the  acid  and  water  was 
used.  With  concentrated  hydrochloric  add  a  higher  percentage  of  alco- 
hol distilled  over  unchanged  than  when  the  solution  of  add  containing 
ao.2%  hydrogen  chloride  was  used.  A  series  of  experiments  showed  that 
the  highest  yidd  was  obtained  when  i  g.  molecule  of  the  alcohol  was  dis- 
tilled with  5  g.  molecules  of  the  constant-boiling  mixture  of  hydrogen 
chloride  and  water.  Under  these  conditions  10  g.  of  allyl  alcohol  and  160 
g.  of  hydrochloric  add  (sp.  gr.  i .  i ) ,  gave  7  g.  of  allyl  chloride.  After  drying 
and  distillation  the  yidd  was  50%  of  the  theoretical.  The  yields  were 
practically  the  same  when  10  and  2»  g.  molecules  of  add  were  used, 
^  The  work  described  was  done  in  tie  laboratory  of  Simmons  College. 
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sublime  at  low  temperatures.  The  extent  to  wMch  the  reaction  took  place 
between  the  alcohol  and  add  was  determined  by  titrating  the  add  which 
was  left  over  after  reaction  had  taken  place.  Since  the  basidty  of  this 
alcohol  appeared  to  be  greater  than  that  of  any  of  the  others  studied, 
the  extent  to  which  reaction  took  place  between  equal  molecular  quantities 
of  the  alcohol  and  hydrobromic  add  diluted  with  water  was  investigated. 
The  constant-boiling  mixture  of  hydrobromic  add  and  water  contains 
its  constituents  approximatdy  in  the  ratio  of  i  of  the  add  to  5  of  water. 
When  pentamethylethanol,  hydrogen  bromide,  and  water  in  the  molecular 
ratio  I  :  I  :  7.5,  respectively,  were  allowed  to  react  at  room  temperature, 
1 6%  of  the  alcohol  was  converted  into  bromide;  when  the  mixture  was 
heated  at  60°  for  ten  minutes  the  percentage  of  bromide  formed  was 
increased  to  25.  When  tertiary  butyl  alcohol  was  studied  under  the  same 
conditions  the  results  were  approximatdy  the  same.  Since  the  alcohol 
did  not  possess  basic  properties  markedly  greater  than  those  of  tertiary 
butyl  alcohol,  it  was  not  investigated  further. 

Cetyl  Alcohol. — ^Ten  grams  of  the  alcohol  were  heated  with  33  g.  of 
CQnstant-boiUng  hydrobromic  add  (molecular  ratio  i  :  5)  for  foiu*  hotus. 
The  product  was  separated  and  extracted  with  hot  alcohol,  which  dissolved 
out  the  alcohol  which  had  not  reacted.  The  wdght  of  the  bromide  formed 
was  9.5  g.,  which  is  80%  of  the  theoretical. 

^Nitrobenzyl  Alcohol. — Hydrochloric  acid  did  not  convert  the  alcohol 
into  the  chloride.  When  i  g.  of  the  alcohol  was  slowly  heated  in  a  water 
bath  with  3.3  g.  of  hydrobromic  add  (sp.  gr.  1.49),  the  alcohol  dissolved 
when  the  temperature  was  50°.  At  75^  the  solution  clouded  and  the 
bromide  separated  slowly.  After  heating  1.5  hours,  the  product  was 
separated,  washed  with  concentrated  hydrochloric  acid  to  remove  any 
imchanged  alcohol.  The  bromide  obtained  melted  at  about  39°;  after 
recrystallization  from  a  mixture  of  alcohol  and  water  the  melting  point 
was  46-47°.  The  yidd  of  pure  bromide  was  85%  of  the  theoretical. 
An  analysis  for  halogen  gave  36.79%  bromine;  the  theoretical  is  37.03%. 

m-Nitrobenzyl  Alcohol. — ^The  alcohol  was  not  converted  into  the  chloride 
by  hydrochloric  acid.  When  i  g.  of  the  alcohol  was  heated  on  a  water 
bath  with  3.3  g.  of  hydrobromic  acid  the  bromide  began  to  separate  at 
83°;  after  heating  for  1.5  hours  the  bromide  was  separated  and  weighed. 
The  )deld  was  64%  of  the  theoretical.  The  bromide  melted  at  58-59  **, 
which  is  the  recorded  mdting  point. 

/>-Nitrobenzyl  Alcohol. — ^The  alcohol  was  not  converted  into  the  chloride 
when  heated  with  hydrochloric  acid.  When  i  g.  of  the  alcohol  was 
heated  with  3.3  g.  of  hydrobromic  add  the  bromide  began  to  separate 
at  about  85°.  After  heating  1.5  hours  the  product  was  separated,  washed 
with  concentrated  hydrochloric  add,  and  dried.  The  yield  of  bromide, 
which  mdted  at  99-100®,  was  1.4  g.,  99%  of  the  theoretical. 
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Primary  Phenylethyl  Alcohol,  CeHBCHsCHsOH.— Ten  grams  of  the 
alcohol  were  heated  with  75  g.  of  hydrochloric  add  (sp.  gr.  i.i)  (molecular 
ratio  I  :  5)  for  2  hours.  The  product  was  separated  and  distilled.  A 
very  small  amount  of  the  chloride  was  obtained.  Five  grams  of  the  alcohol 
were  slowly  distilled  with  28  g.  of  hydrobromic  add  (molecular  ratio 
1:4).  The  product  was  washed  with  hydrochloric  add,  dried,  and  dis- 
tilled. The  bromide  boiled  at  108-112^  at  17  mm.  pressure.  The  yidd 
was  86%  of  the  theoretical. 

Secondary  Phenylethyl  Alcohol,  CeHs.CHa.CHOH.— Five  grams  of  the 
alcohol  were  distilled  with  74  g.  of  constant-boiling  hydrochloric  add 
(molecular  ratio  i  :  10).  The  product  was  separated,  dried  and  distilled. 
It  was  evident  from  the  irregular  boiling  point  of  the  chloride  that  a  sec- 
ondary reaction  had  taken  place.  It  is  probable  that  as  a  result  of  the 
long  heating  an  tmsaturated  hydrocarbon  had  been  formed  in  appreciable 
quantities.  To  avoid  this  the  alcohol  was  shaken  at  room  temperature 
with  the  add.  Ten  grams  of  the  alcohol  and  75  g.  of  hydrochloric  add 
(sp.  gr.  i.i)  were  shaken  vigorously  for  about  ten  minutes.  The  product 
was  separated,  dried,  and  distilled  under  diminished  pressure.  Ei^t 
grams  of  the  chloride,  which  boiled  at  90-^1^  at  33  mm.  pressure,  were 
obtained.  The  yield  of  pure  diloride  was  about  75%  of  the  theareticaL 
Five  grams  of  the  alcohol  w«e  distilled  with  28  g.  of  the  constant-boiliiig 
hydrobromic  add  (molecular  ratio  1:4).  The  bromide  obtained  distilled 
at  106®  at  31  mm.  pressure.    The  yidd  was  95%  of  the  theoretical. 

Primary  Phenylpropyl  Alcohol,  CeHsCHiCHjCHjOH.— When  the 
alcohol  was  boiled  with  hydrochloric  add  a  product  which  did  not  bofl 
constantly  was  obtained.  It  is  probable  that  the  mixture  contained  an 
unsaturated  hydrocarbon.  No  diloride  was  isolated.  Ten  grams  of  the 
alcohol  were  heated  for  two  hours  with  22  g.  of  hydrobromic  add  (xnokc- 
tilar  ratio  1:2).  The  product,  after  washing  and  drying,  was  distilled 
under  diminished  pressure.  Eight  grains  of  bromide  were  obtained, 
which  boiled  at  128-129**  (corrected)  at  29  mm.  The  yidd  was  63%  of 
the  theoretical. 

Cinnamyl  Alcohol. — Five  grams  of  the  alcohol  were  distilled  with  33.5 
g.  of  constant-boiling  hydrochloric  add  (molecular  ratio  i  .'5).  The 
product  was  solidified  by  cooling,  filtered,  and  washed.  It  was  then  melted 
and  filtered  twice  through  dry  filter  paper.  A  dear  oil  was  obtained 
which  mdted  at  4-9  ®.  The  recorded  mdting  point  was  8-9  **.  It  contained 
23.37%  dilorine;  the  theoretical  is  23.27%.  The  yidd  of  chloride  was 
79%  ot  the  theoretical. 

Five  grams  of  the  alcohol  were  distilled  with  19.5  g.  of  hydrobramic 
add  (molecular  ratio  1:3).  The  product  was  treated  in  the  manner  used 
to  purify  the  chloride.  It  mdted  at  18-23  ^  and  decomposed  when  boiled. 
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The  yidd  was  93%  of  the  theoretical.  The  percentage  of  bromine 
formed  was  40.14;  the  theoretical  percentage  is  40.61. 

OlycoL — Ten  grams  of  the  alcohol  were  heated  2  hours  with  145  g.  of 
constant-boiling  hydrochloric  add  (molecular  ratio  1:5};  The  mixture 
was  then  fractionated;  neither  ethylene  chloride  nor  the  chlorohydrin  were 
obtained.  Twenty  grams  of  glycol  were  boiled  for  2  hours  with  165  g. 
of  hydrobromic  add  (molecular  ratio  1:3).  The  mi^tiu^  was  then  frac- 
tionated, using  a  Glinsky  tube.  No  bromohydrin  was  obtained,  but  there 
were  formed  8  cc.  of  an  insoluble  oil  which  proved  to  be  ethylene  bromide, 
the  yield  being  36%  of  the  theoretical.  In  another  experiment  when  the 
mixture  was  heated  for  a  shorter  time,  some  of  the  bromohydrin  was 
obtained.  The  exact  conditions  which  determine  replacement  of  one  and 
two  hydroxyl  groups  by  bromine  were  not  determined. 

61]rcerol. — ^A  mixtture  of  10  g.  of  glycerol  and  55  g.  of  hydrobromic  add 
(molecular  ratio  i  :  3)  was  distilled  slowly  at  ordinary  pressure  until 
the  temperature  of  the  vapor  was  140  **.  The  distillation  was  continued 
at  33  mm.  pressure.  The  product  obtained  boiled  at  146-175*'.  After 
three  fractionations  at  30  mm.  pressure  6  g.  of  an  oil  which  boiled  at 
145-147*'  (corrected)  were  obtained.  The  bromohydrins  have  not  been 
carefully  studied.  It  is  probable  that  the  compotmd  obtained  was  iden- 
tical with  that  described  by  Vdey,^  who  prepared  it  by  passing  hydrogen 
bromide  into  glycerol.    The  boiling  point  recorded  is  160^  at  66  mm. 

NA8HVXU4I.   TSHN. 


HALOGBNATION.    X.    CHLORIC  ACID  AS  A  RSA6BNT  IN 
ORGANIC  CHEMISTRY. 

Bt  Rasoc  Lai,  Datta  akd  Joosndka  Eukak  Cboudhuxt. 
ReceiTed  February  28,  1916. 

The  preparation  of  organic  chlorates  has  not  been  attempted  with  the 
exception  of  a  few  isolated  instances.  It  was  thought  desirable  to  study 
the  chlorates  ci  organic  bases  systematically,  as  also  the  action  of  chloric 
add  on  organic  compounds  in  general. 

Chlorates  have  been  prepared  either  by  the  direct  action  of  chloric 
add  on  the  organic  base  or  by  means  of  double  decomposition  between 
the  hydrochloride  of  the  base  and  silver  chlorate.  They  form  readily 
with  the  aliphatic  bases  according  to  dther  of  the  above  methods,  but. 
in  the  case  of  aromatic  bases  the  action  is  quite  different.  Sometimes 
the  chlorate  could  not  be  formed  at  all  since  the  base  undergoes  oxida- 
tion rapidly.  With  an  excess  of  chloric  add,  the  decomposing  bases  form 
brown  to  yellow  oily  substances  which  consist,  generally,  of  the  lower 
chloroquinones.  With  regulated  amount  of  chloric  acid,  the  decomposing 
substances  form  dyes.  It  has  also  been  found  that  iodo  derivatives  of 
^  Jakreshericht  d,  Chemde,  1883,  858. 
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aromatic  hydrocarbons  readily  form  iodoxy  compomids  when  subjected 
to  its  prolonged  action. 

Chlorates  are,  as  a  rule,  either  explosives  or  highly  unstable  in  the  dry 
state,  and  special  precautions  must  therefore  be  taken  to  determine 
their  melting  or  decomposition  point.  Not  all  explode,  however,  some 
melting  quite  harmlessly  and  some  with  more  or  less  decomposition. 
When  held  in  a  flsune  or  touched  with  a  drop  of  concentrated  sulfuric 
add,  these  chlorates  bum  off  suddenly,  in  some  cases  with  production  of  a 
sharp  report.  Chlorates  of  aromatic  bases  sometimes  go  off  spontaneously, 
specially  if  the  chlorate  has  been  obtained  by  the  direct  action  of  chloric 
add  on  the  base,  probably  as  the  result  of  a  Uttle  free  chloric  add  whidi 
might  be  present.  Such  spontaneous  explosion  does  not  take  place  if 
the  chlorate  be  purified  by  recrystallization  from  alcohol. 

The  analysis  of  these  chlorates  is  carried  out  by  mixing  with  a  large 
quantity  of  powdered  copper  oxiide. 

Experimental. 

Action  of  Chloric  Acid  on  Aniline. — Aniline  chlorate  has  been  prepared 
before  by  direct  neutralization.^  It  has  been  foimd  that  when  aniline 
is  mixed  with  quite  an  excess  of  chloric  add,  a  vigorous  reaction,  with  the 
evolution  of  a  considerable  amount  of  heat,  takes  place  and  as  a  result 
of  the  action  a  brown  oil  is  formed  which  settles  at  the  bottom.  The  oil 
consists  of  a  mixture  of  the  lower  chloroquinones  which  is  under  examina- 
tion. But  if  a  little  chloric  add  is  added  to  an  excess  of  aniline  and  the 
mixture  allowed  to  stand  at  the  ordinary  temperature,  it  undergoes 
gradual  oxidation  and  finally  a  black  substance  is  predpitated.  This 
has  been  found  on  examination  to  be  aniline  black,  giving  all  its  reactions. 
(Found,  N  =  15.48;  calc,  N  =  15.34-)  The  yidd  obtained  is  quanti- 
tative. 

c7-Toluidine  Chlorate,  C7H9N.HCIO8.— To  an  excess  of  o-toluidine, 
chloric  acid  is  added  drop  by  drop,  when  crystals  begin  to  make  their 
appearance.  Care  is  taken  not  to  add  an  excess  of  chloric  add,  as  the 
presence  of  a  little  free  add  will  decompose  the  substance  explosivdy 
at  ordinar}*-  temperatiu-e,  a  slight  excess  of  toluidine  being  maintained. 
The  crystals  are  filtered  with  suction,  washed  thoroughly  with  ether  and 
benzene,  and  finally  recrystallized  from  alcohol  when  it  is  obtained  in 
white  plates. 

0.1642  g.  gave  0.2652  g.  COi  and  0.0735  g.  HjO;  0.0594  g.  gave  4.1  oc  Nj  at  28* 
and  763  mm.;  0.1435  g.  gave  0.1068  g.  AgCl. 

Calc.  for  C7H»N.HC10i:  C,  43.86;  H,  5.22;  CI,  18.5.    Pound:  C,  43.77;  H,  5.25; 
N,  7.6;C.  18.63%. 

The  crystals  are  not  indefinitdy  stable  in  air,  but  turn  gray  and  finally 
produce  a  black  substance  which,  as  will  be  shown  later,  is  also  formed 

*  Beamer  and  Clarke,  Bcr.,  la,  1066  (1879);  Gerard,  VHate,  Ann,,  {61  aa,  404* 
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by  the  prolonged  action  of  chloric  add  on  o-toluidine.  e?-Toluidine 
dilorate  explodes  at  88°.  When  a  flame  is  applied  to  it,  it  bums  explo- 
sively. 

It  has  also  been  found  that  on  adding  an  excess  of  chloric  add  to  a  little 
o-toluidine,  a  blue-colored  solution  is  produced  and  the  mixture  becomes 
hot.  This  is  followed  by  a  vigorous  reaction,  with  boiling,  and  a  brown- 
black  viscous  liquid  separates  at  the  bottom.  This  substance  is  under 
examination. 

If  an  excess  of  (7-toluidine  is  left  in  contact  with  chloric  add  and  the 
vessel  cooled  with  water  so  as  to  avoid  any  vigorous  reaction,  the  tolui- 
dine  is  slowly  transformed  into  a  black  insoluble  substance  which  gives 
some  of  the  tests  of  a-toluidine  black.  The  dye  has  been  found  to  be 
quite  distinct  from  o-toluidine  black  and  is  under  systematic  examina- 
tion. The  same  dye  is  obtained  by  the  gradual  decomposition  in  air 
of  (7-toluidine  chlorate,  as  has  been  already  noticed. 

^Toluidine  Chlorate,  C7H9N.HCIO8.— For  the  preparation  of  this 
compound  ^f-toluidine  is  dissolved  in  ether  and  to  it  an  aqueous  solution 
of  chloric  add  is  added  drop  by  drop,  taking  care  to  keep  the  />-toluidine 
in  sUght  excess.  The  ether  is  then  allowed  to  evaporate  at  the  ordinary 
temperature  as  rapidly  as  possible.  As  the  ether  evaporates,  long,  white 
crystals  remain  behind.  The  crystals  are  washed  with  ether  and  benzene 
and  finally  recrystallized  from  alcohol. 

0.2 1 10  g.  gave  0.3405  g.  COj  and  0.0993  g.  HjO;  0.0594  g.  gave  3.85  cc.  N2  at  26° 
and  764  mm.;  0.1552  g.  gave  0.1157  g.  AgCl. 

Calc.  for  C7H9N.HC10i:  C,  43.86;  H,  5.22;  N,  7.32;  CI,  18.54.    Found:  C,  43.22; 
H,  5.33;  N,  7.33;  CI,  18.78. 

^-Toluidine  chlorate  explodes  at  125®,  giving  off  a  large  amoimt  of 
white  fumes  and  takes  fire  suddenly  when  a  flame,  is  applied  to  it.  The 
substance  on  exposure  to  air  gradually  ttuns  gray  owing  to  slow  decomposi- 
tion of  the  salt. 

Similarly  to  e?-toluidine,  it  has  been  found  that  on  treating  /7-toluidine 
with  an  excess  of  concentrated  chloric  add.  a  vigorous  reaction  begins 
in  the  course  of  an  half-hour  with  considerable  evolution  of  heat  and  as 
a  result  of  the  reaction  a  brown  viscous  oil,  which  is  imder  examination, 
settles  at  the  bottom.  But  if  an  excess  of  ^f-toluidine  be  kept  with  a  Uttle 
dilute  solution  of  chloric  acid  in  the  cold,  the  mixture  gradually  turns 
black  and  the  ^-toluidine  is  ultimately  converted  into  a  black  dye.  The 
dye  is  under  examination. 

^Phenylenediamine  Chlorate. — Chloric  add,  when  added  directly 
to  ;f -phenylenediamine,  dissolves  it  and  gives  a  deep  blue  solution  which 
gradually  assumes  a  brown  color.  If  an  ethereal  solution  of  the  diamine 
is  mixed  with  chloric  add  on  a  watch  glass  and  the  ether  is  allowed  to 
evaporate  rapidly,  crystals  are  obtained.    They  cotdd  hardly  be  separated 
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for  purification  as  the  material  soon  turns  black.  The  same  blade  dye  is 
obtained  when  p-phenylenediamine  is  left  in  contact  with  chloric  add 
in  the  cold.    The  systematic  investigation  of  the  dye  is  in  progress. 

An  attempt  was  made  to  obtain  m-phenylenediamine  chl<Miate  by  double 
decomposition  between  m-phenylenediamine  hydrochloride  and  sihrer 
chlorate.  The  resulting  solution  began  to  ttun  dark  as  soon  as  double 
decomposition  was  complete.  On  allowing  the  solution  to  evaporate 
in  a  vacuum,  instead  of  the  chlorate,  a  gray-black  dye  is  left  behind. 
The  further  examination  of  this  black  substance  is  in  progress. 

Benzylamine  Chlorate,  CzHgN.HClOa. — ^For  the  preparation  of  the 
chlorate  an  excess  of  benzylamine  is  mixed  with  an  aqueous  solution  of 
chloric  add.  The  resulting  solution  is  allowed  to  evaporate  on  the  water 
bath  and  the  product  remains  melted  over  it.  On  cooling,  the  liquid 
solidified  in  nice  crystalline  plates  which  are  slightly  yellow  in  color  ow- 
ing to  the  presence  of  benzylamine.  To  free  it  from  benzylamine,  it  is 
washed  thoroughly  with  ether  and  finally  purified  by  recrystallizatioa 
from  alcohol. 

0.1825  g.  e:ave  0.2934  g.  COs  and  0.0856  g.  HsO;  0.0730  g.  gave  4.75  cc  Nt  at  33* 
and  765  mm. 

Calc.  for  CyHgN.HClOt:  C,  43.86;  H,  5.22;  N,  7.32.  Pound:  C,  43.83;  H,  5.62; 
N,  7.6%. 

Benzylamine  chlorate  melts  at  110.5®  to  a  yellow  liquid.  It  is  hygro- 
scopic and  dissolves  in  water  and  alcohol  but  not  in  ether  and  benzene. 

Benzylmethylamine  Chlorate,  C6H6CH2NHCH«.HC10j. — ^Equivaknt 
quantities  of  benzylmethylamine  and  chloric  add  are  mixed  with  a  slight 
excess  of  the  former.  The  mixture  is  first  heated  on  the  water  bath  for 
about  an  hour  and  is  then  allowed  to  cool  in  a  desiccator.  The  solid  mass 
thus  obtained  is  then  washed  thoroughly  with  ether  and  rocrystalliKd 
from  alcohol  and  dried. 

0.1405  g.  gave  0.2352  g.  COj  and  0.0674  8  H|0;  0.1038  g.  gave  6.3  cc  Nt  at  23' 
and  762  nun. 

Calc.  for  CsHuN.HClOi:  C,  46.7;  H,  5.84;  N,  6.81.  Found;  C,  45.52;  H,  5^; 
N,  7.02%. 

The  chlorate  melts  at  59.60*^.  It  is  soluble  in  water  and  alcohol  but 
not  in  ether  and  benzene.  It  burns  off  suddenly  when  a  flame  is  brought 
near  to  it. 

Benzylethylamine  Chlorate,  CeH6CH2.NHC2H».HC10j. — Equivalent 
amounts  of  benzylethylamine  and  chloric  acid  are  mixed  and  heated  on 
the  water  bath  for  some  time.  On  cooling,  crystals  separate  which  are 
thoroughly  washed  with  ether  and  recrystallized  from  dilute  alcohol. 

o.ioio  g.  gave  0.3626  g.  COj  and  0,1052  g.  HjO;  0.1588  g.  gave  8.85  oc.  Ni  at  24* 
and  763  mm. 

Calc.  for  CtHiN.HClOt:  C,  49.2;  H,  6.38;  N,  6.38.  Pound:  C,  49.19;  H,  6.55; 
N,  6.33. 
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The  chlorate  melts  at  81.5®.  It  takes  fire  suddenly  when  a  flame  is 
applied  to  it.  It  is  very  soluble  in  water  and  alcohol  but  insoluble  in  ether 
and  benzene. 

Piperazine  Chlorate,  C4HioNi.2HC10«. — ^Piperazine  chlorate  is  pre- 
pared by  double  decomposition  between  silver  chlorate  and  piperazine 
hydrochloride.  On  evaporation  of  the  solution  in  a  vacuum  over  sul- 
furic acid,  the  chlorate  is  obtained  in  nice,  white,  shining  crystalline  plates. 
On  presenting  a  flame  to  it,  it  takes  fire  suddenly.  It  decomposed  be- 
tween 98  and  100^.  In  this  case  the  decomposition  was  not  explosive. 
0.2215  g.  gave  22.2  cc.  Nt  at  24**  and  760  mm.;  0.1234  g.  gave  0.1378  g.  AgCl. 
Calc.  for  C4H10N1.2HCIO1:  N,  10.98;  CI,  27.8.    Pound:  N,  11.22;  CI,  27.91. 

Bthylenediamine  Chlorate,  C2li4(NH2)2.2HC108.— This  chlorate  is 
prepared  by  neutralizing  ethylenediamine  solution  with  chloric  acid 
by  the  help  of  a  litmus  paper  and  evaporating  the  resulting  solution  on 
the  water  bath  to  crystallization  where  the  substance  is  obtained  in  shin- 
ingj  white,  flat  crystals.  As  thus  obtained,  it  is  quite  pure  and  a  single 
recrystallization  from  water  or  alcohol  gives  a  very  pure  product.  It 
decomposes  at  150^.  Like  the  other  chlorates,  it  bums  off  with  a  flash 
an  presenting  a  flame  to  it. 

0.1825  g.  gave  19.85  oc.  Ni  at  25**  and  760  mm.;  N,  12.34. 
Calc.  for  CtH4(NH,),.2HC10j:  N,  12.23. 

Guanidine  Chlorate,  CN«H6.HC108.— This  is  obtained  by  the  double 
decomposition  between  guanidine  sulfate  and  barium  chlorate  and  evap- 
orating the  resulting  solution  over  a  water  bath,  when  white  crystals  are 
obtained.  It  decomposes  at  148^  and  does  not  explode  sharply  at  that 
temperature.  However,  it  bums  away  on  presenting  a  flame  to  it  or 
touching  with  a  drop  of  concentrated  sulfuric  acid. 

o.ioio  g.  gave  26.3  cc.  Ni  at  23^  and  767  mm. 

Calc.  for  CN|Hs.HC10i:  N,  29.8.    Found:  30.62. 

Menthylamine  Chlorate,  CioHi»NH2.HC108.— This  has  been  prepared 
by  the  double  decomposition  between  menthylamine  hydrochloride  and 
silver  chlorate  and  evaporating  the  solution  in  a  vacuum  over  sulfuric 
acid.  The  chlorate  is  then  left  in  beautiful,  white,  crystalline  needles.  It 
melts  at  168^.  This  chlorate,  unlike  the  previous  ones,  does  not  flash 
off  when  a  burning  stick  is  brought  near  it  but  it  simply  melts. 

0.0828  g.  gave  4.4  cc.  Nt  at  24^  and  762  mm.;  N,  6.07. 

Calc  for  CioHi»NH,.HaO,:  N,  585. 

Pyridine  Chlorate,  CftHsN-HClOa.— When  a  slight  excess  of  pyridine 
is  mixed  with  concentrated  chloric  acid  and  the  mixture  is  heated  on  the 
neater  bath,  crystals  of  the  chlorate  are  left.  They  are  washed  with 
water  and  recrystallized  from  alcohol^  and  then  melt  with  decomposition 
at  147  *"• 
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0.1021  g.  gave  7.6  cc  Ns  at  23^  and  766  mm.;  0.1827  g.  gave 0.1592  g.  AgCl. 

Calc.  for  CtHjN.HaO,:  N,  8.56;  CI,  2X.7.    Pound:  N,  8.58;  CI,  21.92. 

« 

Pyridine  chlorate  bums  with  a  sudden  flash.  It  also  takes  fire  when 
concentrated  sulfuric  acid  is  allowed  to  come  in  contact  with  it.  It  is 
soluble  in  water  and  alcohol  but  does  not  dissolve  in  nondissociatiag 
organic  solvents.  The  crystals  are  soft  and  soapy  to  the  touch  and  give 
the  odor  of  pjrridine. 

Quinoline  Chlorate,  C9H7N.HCIO3. — ^This  has  been  prepared  by  mixixig 
chloric  acid  with  rather  more  than  the  theoretical  amount  of  quinoline 
and  evaporating  on  the  water  bath.  The  crystals  obtained  axe  washed 
with  a  mixture  of  alcohol  and  ether  for  purification.  The  compound 
melts  at  66-67 '^. 

o.i  1 17  gave  6.65  cc.  Ns  at  25  ^  and  760  mm. 

Calc.  for  C.H7N.HC10,:  N,  6.56.    Found:  N,  6.76. 

The  chlorate  has  a  slightly  yellowish  tinge  and  is  very  hydroscopic. 
It  is  soluble  in  alcohol  and  water  but  cannot  be  successfully  recrys- 
tallized  from  these  solvents  as  the  substance  obtained  on  evaporating  the 
solvents  sets  to  a  hard  mass  on  drying.  It  decomposes  with  a  flash 
and  a  large  amount  of  smoke  when  a  flame  is  applied  to  it  or  when  touched 
with  concentrated  sulfuric  add,  leaving  a  black  residue  behind. 

Tetramethylammonium  Chlorate,  N(CH8)4C103. — ^This  is  prepared  by 
the  double  decomposition  between  tetramethylammonium  iodide  and 
silver  chlorate  and  evaporating  the  resulting  solution  on  the  water  bath 
to  crystallization.  As  thus  obtained,  it  consists  of  white  aystals.  It  is 
freely  soluble  in  alcohol  and  water.  It  explodes  at  230**.  It  takes  fire 
suddenly  on  presenting  to  a  flame  or  touching  with  a  drop  of  concentrated 
sulfuric  acid. 

0.0659  g.  gave  5.25  cc.  Nt  at  23*  and  765  mm.;  N,  9.02. 
Calc.  for  N(CH,)4C10,:  N,  8.89. 

Tetraethylanunonitun  Chlorate,  N(C2H04ClOs.-— This  has  been  sim- 
ilarly prepared  by  the  double  decomposition  between  tetramethylam- 
monium iodide  and  silver  chlorate  and  evaporating  the  resulting  solution 
on  the  water  bath  to  crystallization  when  crystals  are  obtained  on  cool- 
ing. As  thus  obtained,  the  substance  is  quite  pure.  It  can  be  leoys- 
tallized  from  water  or  alcohol.  It  melts  with  decomposition  at  223**.  It 
takes  fire  as  usual  when  a  flame  is  applied  to  it  or  when  it  is  toucdied 
with  a  drop  of  concentrated  sulfuric  add. 

0.0895  g.  gave  5  cc.  Ni  at  24*'  and  766  mm.;  N,  6.4. 
Calc.  for  N(C|H»)4aO,:  N,  6.56. 

Tetrapropylammonium.  Chlorate,  N(C8H6)4C108.— This  has  been  ob- 
tained as  usual  by  the  double  decomposition  between  silver  cblorate 
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and  tetrapropylammonium  iodide  and  evaporating  the  resulting  solu- 
tion on  the  water  bath  to  crystallization.  The  chlorate  melts  at  217^ 
without -decomposition.  It  dissolves  freely  in  water  and  alcohol.  It 
bums  off  as  usual  on  the  presentation  of  a  flame  or  when  touched  with 
concentrated  sulfuric  add. 

0.1444  g.  gave  3.9  cc.  Ns  at  25 **  and  767  mm.;  N,  5.52. 

Calc.  for  N(C«H,)4C10,:  N,  52. 

Dimethylphenylbenzylammonium  Chlorate,  N(CH8)s(C6H6)C7H7C103. 
— ^This  salt  is  prepared  from  dimethylphenylbenzylammonium  bromide 
and  silver  chloi-ate  by  double  decomposition  and  evaporating  the  solu- 
tion in  a  vacuum  over  sulfiuic  add.  The  chlorate  obtained  is  white  and 
crystalline  in  shape.  It  is  hygroscopic  and  dissolves  fredy  in  water  and 
alcohol.  It  decomposes  without  any  sharp  explosion  at  137  ^  leaving  a 
red  mass  as  residue  which  does  not  mdt  on  furtiier  heating.  It,  however, 
bums  with  a  flash  and  decomposes  explosivdy  with  concentrated  sulfuric 
acid,  and  slowly  decomposes  to  a  gray  mass  on  leaving  it  at  the  ordinary 
temperature  for  several  days. 

0.1527  g.  gave  6.75  cc.  Nt  at  24*^  and  763  mm.;  N,  5.0. 

Calc.  for  N(CH,),(CJI*)(C7H7)C10s:  N.  4.74. 

Diethylphenylbenzylammonium  Chlorate,  N(CsH6)2C«HftC7H7C10«.— 
This  is  prepared  as  usual  by  the  double  decomposition  between  the  corre- 
sponding chloride  and  silver  chlorate  and  evaporating  the  resulting  solu- 
tion in  a  vacuum  over  siilfiuic  add.  This  is  obtained  in  white  crystals 
melting  to  a  dark  liquid  at  77®.  On  further  heating  it  becomes  darker 
and  darker  until  at  125°  it  decomposes  with  effervescence.  It  decom- 
poses partly  on  leaving  it  for  long  periods  in  the  air.  It  is  soluble  in  water 
and  alcohol  and  bums  with  a  flash. 

0.1623  g.  gave  6.1  cc.  Ns  at  765  mm.;  N,  4.24. 

Calc.  for  N(GJIi)«CiH,C7H7C10,:  N,  433. 

Trimethylsulfine  Chlorate,  S(CH,)sC108.— This  salt  is  obtained  by  the 
louble  decomposition  between  silver  chlorate  and  trimethylsulfine  iodide 
Mid  evaporating  the  resulting  solution  on  the  water  bath.  The  salt  could 
ye.  recrystallized  from  water  with  difficulty  since  this  salt  is  very-  soluble 
n  cold  water  and  the  difference  in  solubility  in  hot  and  cold  water  is  very 
tmall.  It  explodes  at  170**.  The  salt  explodes  sharply  on  presenting  a 
|£une  to  it,  the  explosion  being  very  rapid  and  sharp.  It  is  hygroscopic 
Lnd  liquefies  when  exposed  to  air. 

0.1474  g.  gave  0.1212  COi  and  0.0666  g.  HjO;  C,  22.32;  H,  5.91. 
Calc.  for  S(CH<)sC10i:  C,  22.44;  H,  5.61. 

Oxidation  of  Organic  lodo-Compounds  by  Means  of  Chloric  Acid, 
lodozy-benzene,  C6H6IO2. — ^A  little  iodobenzene  is  taken  in  a  crystal- 
zitxg  dish  and  to  it  is  added  an  excess  of  concentrated  chloric  add  solu- 
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tion  and  kept  aside  for  about  two  days,  in  the  course  of  this  period 
slightly  yellow  oystals  appear.  On  washing  with  alcohol,  in  whidi  it  is 
insoluble,  it  is  obtained  in  dear,  white  crystals.  The  substance  explodes 
at  227-r228^.    An  iodine  estimation  gave  the  following  results: 

O.I 25 1  g.  gave  0.125 1  Agl;  I,  54.03-    Calc.  for  C«HJOi:  I,  53.81. 

o-Iodozy-toluene,  CHs.C«H4l02. — ^This  is  obtained  similarly  to  the 
above  substance  by  allowing  ^-iodotoluene  to  remain  in  contact  with  dilotk 
acid  for  several  days.  A  crystalline  product  is  obtained  which  is  thor- 
oughly washed  with  alcohol  and  separated  by  filtration..  The  product 
decomposes  at  210®. 

0.0855  i'  gave  0.0854  Agl;  I,  51.04.     Calc.  for  CH«.CJUO»:  I,  50.8. 

/Hlodozy-toluene,  CHj.CeHJOt.— This  is  obtained  by  exactly  the  38ffle 
procedure  as  the  previous  compotmd.    />>Iodtoluene  is  left  for  seven) 
days  in  contact  with  concentrated  chloric  add.    The  crude  prodoct 
thus  obtained  is  washed  with  alcohol.     It  decomposes  at  229^. 
0.1 2 13  g.  gave  0.1 133  Agl;  I,  50.73.    Calc.  for  CHlOHJOs:  I.  50.8. 

lodozy-m^zylene,  C6H|(CH,)2*'(I02)^— This  is  obtained  by  keepiiii 
the  iodocompound  with  a  strong  solution  of  chloric  add  for  two  or  thnt 
days  at  ordinary  temperatiur.  The  resulting  product  is  thorou^ 
washed  with  alcohol  and  is  found  to  be  iodoxy-m-xylene,  eiq>lodi&g  al 

0.0709  g.  gave  0.0627  g.  Agl;  I  »  47.12-    Calc.  for  C«Hi(CHi)i(IO0 : 1  ■=  48"- 

lodozy-o-zylenei  CeHj(CH|)a^'*(I02)^.— This  compound  has  been  pre- 
pared for  the  first  time,  since  it  was  not  known  before.  Yellowish  ajs- 
tals  were  obtained  by  treating  iodo-o-xylene  with  concentrated  ddoric 
add  in  the  cold  for  several  days.  On  washing  with  alcohol  the  substaace 
is  obtained  pure.  It  explodes  at  192-193®.  The  salt  was  anahad 
with  the  following  result: 

0.0989  g.  gave  0.13 10  CO9  and  0.0817  g.  gave  0.0729  g.  Agl. 
Calc.  for  CiH,(CH,),(IO,):  C,  36.36;  H.  3.41;  1,  48.".    Pound:  C,  36.18:  H. 
3.58;  I,  48.9. 

lodozy-mesitylene,  C6H2(CH8)8lOi.— This  substance  is  obtained  bf 
keeping  iodomesitylene  for  a  few  days  in  contact  with  strong  chte 
acid.  The  crystalline  crude  product  thus  obtained  is  washed  with  atoh 
hoi.     It  decomposes  at  194*^. 

0.1415  g.  gave  0.1191  g.  Agl;  I,  45.53-    Calc.  for  C«Hi(CHi}aIOi:  I,  45.68. 

Investigations  on  similar  lines  are  being  continued.  j 

Chsmical  Labosatoky,  ' 

FmtazpBNcv  Cohhnon,  Cai«cutta.  ' 
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(COMTRXBUTIOMS.I'KOM  THB  ShSFTISU)  ChBMICAL  LaBORATORT  OP  TAtS  UNIVSRSITT.  ] 

RBSBARCHES  ON  HTDAIfTOmS.    XXXVH.  SYNTHESIS  OF  THE 

POLYPEPTmE-HYDANTOm— PHENYLALANYL- 

GLYCmE-HYDANTOm.' 

By  Tk«at  B.  Johnson  and  Jossph  S.  Batbs. 
Received  March  14.  1916. 

A  polypeptide-hydantoin,  as  we  shall  apply  the  term  in  our  work,  is  a 
cycBc  derivative  of  a  poljrpeptide  containing  a  hydantoin  ring,  which  has 
been  incorporated  by  joining  together  two  nitrogen  atoms  of  the  peptide 
with  CO  in  the  form  of  a  urea,  and  in  which  the  characteristic  grouping 
of  the  pol3rpeptide  has  been  preserved.  For  example,  the  hydantoins 
represented  by  Formulas  III  and  IV  are  two  representatives  of  this  type 
of  compounds  and  are  the  only  hydantoins  that  can  be  constructed  from 
their  corresponding  isomeric  dipeptides — ^glycylalanine  I,  and  alanyl- 
CHi 


I 
HCMXtCHNH— CO 

I 
NHr-CH, 

CHt 


HOOCCHjNH— CO 

I 


NHa— CHCH, 

(iD.j 


HOOC.CH—N CO 

I 
CO 

I 

NH— CH, 
CHi 


HOOCCHjN- 


(III) 


CO 

I 
NH-^CH.CH, 

(IV). 


HOOC.CHNHCOCHO^- 


(V). 


CO 

I 

NH- 


CH,  I 

HOOC.CHNHCOCH,NHCOCHCH,CiHi 


(VI). 


NH, 


-CH.CH,Caii 

CH, 

I 
HOOCCH.N— CO 

I 
CO 

I 

COIiCHaCHCON— CH2 

I 


NH,     (VII). 

1  Part  of  a  dissertation  presented  by  Mr.  Joseph  Sumner  Bates  to  the  Faculty  of 
tlie  Graduate  School  of  Yale  University,  1915.  iu  candidacy  for  the  Degree  of  Doctor  of 
piiltoMpliy. 
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glycine  II.  In  other  words,  a  polypeptide-hydantoin  is  a  cyclic  com- 
bination of  a  peptide  which  does  not  contain  an  unsubstituted,  diadd- 
amide  grouping  — CO.NH.CO —  and  therefore  cannot  break  down  oo 
hydrolysis  with  evolution  of  ammonia.  In  the  case  of  the  higher  poly- 
peptides the  possibilities  of  forming  cyclic  combinations  are  much  greater. 
For  example,  it  is  possible,  theoretically,  to  derive  from  the  tripepti(k- 
phenylalanylglycylalanine  VI,  two  isomeric  pol3rpeptide-hydantoiiis  oofR- 
sponding  to  Formulas  V  and  VII. 

Combinations  of  these  t3rpes  have  never  been  prepared  and,  as  we  have 
indicated  in  a  preliminary  paper, ^  a  knowledge  of  their  properties  is  very 
desirable  from  a  biochemical  standpoint.  The  writer  also  anticipates 
that  an  investigation  of  certain  combinations,  which  may  be  derived 
from  the  hydantoins  III  and  IV,  wiU  be  productive  of  results  from  which 
more  definite  conclusions  may  be  drawn  regarding  the  tautomeric  be- 
havior of  the  hydantoin  ring. 

S3rmmetrically  substituted  ureas  of  a-aminoadds  have  been  described 
by  Morel*  and  were  prepared  by  the  action  of  the  isocyanate- 
OCN.CH2COOC2H6 — op  a-aminoacids  in  the  presence  of  dilute  alkali. 
He  prepared  in  this  manner  from  tyrosine  the  urea  represented  by  Fonmila 
VIII.  This  was  not  isolated  but  was  converted  by  hydrolysis  with  alkali  into 
its  corresponding  add  urea  represented  by  Formtda  IX.  He  also  apfdieda 
yNHCHj.COOCOIi  yNH.CHsCOOH 

CO  — >-        CO 

^NHCH.COOH  ^NH.CH.COOH 

I  I 

CHi.C«H40H  CH,.Cai^H 

(VIII).  (IX). 

similar  reaction  with  leucine.  Combinations  corresponding  to  Fonxuik 
IX  are  dosely  rdated  to  the  compounds  under  discussion  in  this  paper, 
being  derivatives  of  hydantoic  add,  and  theoretically  should  condense 
to  polypeptide-hydantoins  by  the  action  of  mineral  adds.  Mord,'  how- 
ever, did  not  consider  apparently  the  possibiUty  of  accomplishing  such 
condensations,  perhaps  because  he  recognized  the  impossibility  of  estab- 
lishing the  constitution  of  the  restdting  hydantoin  from  that  of  its  pre- 
cursor— the  urea.  For  example,  the  urea  IX,  may  be  viewed  dther  as  a 
N-derivative  of  the  hydantoic  add  of  tyrosine  or  of  plain  hydantoic  add 
as  represented  by  Formulas  X  and  XI,  respectivdy.  By  digestion  d 
such  a  compound  with  acids,  therefore,  dther  one  of  the  two  carboxrf 
groups  might  be  involved  in  the  condensation,  leading  theoretically  to  the 

^  Johnson,  Proc.  Nat,  Acad,  Set.,  2,  69  (1916);    Chem.  News,  1x3,  127  (191^) 
(Paper  XXXVI). 

*  CompL  rend.,  143,  119  (1906). 
^Loc.cU. 
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formatioii  of  two  isomeric  polypeptide-hydantoins  as  represented   by 

Pormtdas  XII  and  XIII,  respectively.     It  would  be  a  difficult  matter  to 

decide  which  isomer  was  formed  here,  unless  some  method  of  S3nathesis 

was  available  whereby  the  two  compounds  could  be  prepared  in  another 

manner.    In  this  paper,  we  shall  now  describe  methods  of  83mthesizing 

such  cyclic  combinations  and  give  a  description  of  the  synthesis  and 

properties  of  the  cyclic  peptide — phenylalanylglycine-kydantoin  (XXIII). 

CHjCeHiOH 

I 
HOOCCHjNH    COOH  HOOC.CH— NH    COOH 

I  I 

CO  CO 

I  I 

NH— CHCH,C«H«QH  NH— CH, 

|(X).  I  (XI). 

CH,CJl40H 

I 
HOOC.CH2N CO  HOOC.CH.N CO 

I  .      I 

CO  CO 

I  I 

NH— CHCH,CiH«OH  NH— CHt 

(XII).  PCIII). 

That  N-substituted  hydantoins  may  be  prepared  by  interaction  of  the 
alkali  or  silver  salts  of  hydantoins  with  halides  has  been  known  for  a  long 
time  and  the  experimental  data,  so  far  obtained,  l^ds  to  the  conclusion 
that  the  structure  of  the  products  formed  depends  upon  the  sattu-ation 
of  the  grouping  occupying  the  4-po5ition  of  the  hydantoin  ring.  In  the 
case  of  plain  hydantoin  and  related,  saturated  methylene  derivatives,  so 
far  examined,  the  i-position  of  the  ring  is  the  point  of  attack  and  the 
formation  of  3-  and  1,3-alkyl  derivatives  has  never  been  observed.*  In 
order  to  render  both  nitrogen  atoms  of  the  hydantoin  susceptible  to  at- 
tack under  the  above  conditions,  it  is  apparently  necessary  to  destroy  the 
influence  of  the  methylene  combination  in  position  4  and  increase  the 
iiegative  character  of  the  ring  by  incorporation  of  an  tmsaturated  grouping 
in  this  position.  In  such  cases  dialkyl-compotmds  can  be  obtained  by 
alkylation,  but  it  still  holds  here  also  that  the  i-position  of  the  ring  is  the 
first  point  of  attack  and  that  isomeric  3-alkyl  hydantoin^  have  never  been 
isolated.' 

^  Franchiinont  and  Klobbie,  Rec,  trav,  chim.,  8,  283  (1889);  Harries  and  Weiss, 
Ann.,  337,  355  (1902);  Haxries,  Ibid.,  361,  69  (1908);  Siemonsen,  Ibid,,  333,  loi  (1904}; 
Neubauer,  Ibid,,  137,  288  (1866);  Biltz,  Ber.,  41,  1379  (1908);  Weitzner,  Ann.,  362, 
125  (1908). 

>  Johnson  and  Nicolet,  Tms  Journal,  34,  1048  (1912);  Am.  Chem.  /.,  47i  459 
(1912);  Johnson  and  Bengis,  Tms  JouRNAir,  35*  1606  (19x3). 
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The  starting  point  of  the  work  to  be  described  in  this  paper  was  4-beiizal- 
hydantoin  (XIV),  which  was  prepared  according  to  the  method  described 
by  Wheeler  and  Hofifmann^  namely,  by  condensing  benzaldehyde  with 
hydantoin.  The  a5-modification  of  the  hydantoin^  was  the  form  used 
in  om*  investigation.  We  now  find  that  the  soditmi  salt  of  this  hydantoin 
interacts  with  ethyl  chloroacetate  in  alcohol  solution  with  sut^tution 
in  position  i  forming  chiefly  the  ester  represented  by  Formula  XVII. 
There  is  also  formed  at  the  same  time  a  very  small  amount  of  an  isomeric 
product  which  we  have  represented  as  a  stereoisomeric  modification  of  the 
hydantoin  as  represented  by  Formula  XVIII.  We  were  unable  to  estab- 
lish definitely  its  constitution  on  account  of  our  inability  to  obtain  it  in 
suflSdent  quantity  for  experimental  purposes.  The  unsaturated  hy- 
dantoin (XVII)  is  easily  reduced  at  the  double  bond  by  the  action  of  stan- 
nous chloride  in  hydrochloric  add  and  also  by  zinc  in  acetic  add  giving  the 
sattn-ated  ester — ethyl  4-benzylhydantoin-i -acetate  (XXI).  Hydrolysis 
of  the  ester  (XVII)  with  hydrobromic  add  leads  smoothly  to  the  formation 
of  the  unsaturated  add  (XX).  We  succeeded  in  identifying  only  one 
modification  of  this  hydantoin.  Its  potassium  salt  is  easily  obtained  by 
digestion  of  the  ester  (XVII)  with  an  alcoholic  solution  of  potassium  hy- 
droxide. When  the  add  (XX)  was  reduced  by  treatment  with  tin  and 
hydrochloric  add  it  was  converted  into  the  corresponding  4-benzyl- 
hydantoin- 1 -acetic  add  or  phenylaUmylglycine-hydantoin  represented  by 
Formula  XXIII. 

4-BenzyIhydantoin- 1 -acetic  add  (XXIII),  on  esterification  with  alcohol, 
is  transformed  smoothly  into  the  ester  (XXI),  which  tmdergoes  hydrolysis 
by  digestion  with  hydrochloric  and  hydrobromic  adds,  giving  again  the 
polypeptide-hydantoin  (XXIII).  The  same  saturated  ester  (XXI)  de- 
scribed above  is  also  obtained  in  excellent  jdeld  by  alkylation  of  4-benzyi- 
hydantoin  (XEX)  with  ethyl  chloroacetate.  Therefore  the  same  ester 
(XXI)  is  obtained  from  4-benzalhydantoin  (XIV)  whether  one  first 
alkylates  with  ethyl  chloroacetate  and  then  reduces  the  double  bond  of 
the  resulting  hydantoin  (XVIIl),  or  first  reduces  to  4-benzylhydantoin 
and  finally  alkylates  with  the  halogenated  ester  ClCHxCOOCsH». 

The  hydantoin  ring  of  the  polypeptide-hydantoin  (XXIII)  is  easily 
hydrolyzed  by  digestion  of  the  hydantoin  with  an  excess  of  potasaum 
hydroxide  forming  the  dipotassium  salt  of  the  add  (XXII).  When  this 
is  heated  above  ifs  melting  point,  water  is  given  off  and  it  is  transformed 
into  the  original  hydantoin  (XXIII)  melting  at  184^.  The  same  change  is 
accomplished  by  digesting  the  add  (XXII)  with  hydrochloric  add.  In 
other  words,  the  carboxyl  of  the  glycine  group  is  not  involved  in  this 
inner  condensation  leading  to  the  formation  of  the  isomeric  polypeptide- 
^  Am.  Chem.  J„  45,  368  (1910). 
'  Johnson  and  Bates.  Taoa  Jovkmal,  37»  383  (1913). 
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hydantoin  (XXIV).  Complete  hydrolysis  of  the  pol)T)eptide-hydantoin 
(XXIII)  is  easily  accomplished  by  heating  with  hydrochloric  add  at  140**. 
It  breaks  down  completely  under  these  conditions  with  formation  of 
phenylalanine  (XXV),  glycocoU  (XXVI)  and  carbon  dioxide.  We  ob- 
tained no  evidence  of  the  formation  of  ammoniimi  chloride  by  this  treat- 
ment, proving  thereby  that  the  acetic  acid  group  was  substituted  in  the 
I -position  of  the  hydantoin  ring.  The  isomeric  hydantoin  represented 
by  Formula  XXVII  would  break  down  on  hydrolysis  with  formation  of 
ammonia,  carbon  dioxide  and  the  imino  add — HOOC.CH2NHCH- 
(COOH)CH2C6H5.  The  various  transformations  described  above  are 
represented  by  the  following  formulas: 

NH— CO  NH— CO  NH— CO 

I  I 
CO         H              < —               CO 

II  I 
NH— C:C                                     NH— CH, 


CO 


cais 

I 
NH— C:C 


(XIV).  CJI* 


\ 


(KV). 


(XVI).  H 


C«H400CCH,.N- 


C«H»OOCCH,N 

I 
CO 


N— C.CHCeHi 
(XX). 

HOOCCHtNH    COOH 

I 


NH— CHCH^CfHi 
(XXI). 


\        it 

HOOCCHiN CO 


CO 


CH1.CA 


/ 


HOOCCHN- 


co 

I    I 

NH— CH, 

(xxrv). 


( 


NH— CHCH,C«Hi 
(XXII).    V 

CtHiCH,CH(NH,;COOH 

(XXV). 

NH,CH,COOH 

(XXVI). 


CO 

I 

NH— CHCHjCeHi 
(XXIII). 

NH— CO 

I 
CO 

HOOCCHiN CHCHiCfHi 

(xxvn). 
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Experimental  Part. 

All  the  hydantoin  employed  in  this  investigation  was  prepared  accord- 
ing to  the  directions  of  Siemonsen.^ 
4-Benzalhydantoin,  CO.NH.CO.NH.C  :  CHCeHs— This  was  prepared 

by  condensation  of  hydantoin  with  benzaldehyde  as  described  by  Wheeler 
and  Hoffmann. 2 

3-Acetyl-4-benzalhydantoin,  CO.NH.CO.N(COCH,).C :  CHQjH.  -This 

1 I 

new  hydantoin  is  easily  prepared  by  the  action  of  acetic  anhydride  on 
benzalhydantoin.  Two  grams  of  the  hydantoin  were  dissolved  in  the 
anhydride  and  the  solution  heated  in  an  oil  bath  at  155-165**  for  4  hours. 
On  cooling  the  solution  this  acetyl  derivative  separated.  It  was  purified 
by  crystallization  from  glacial  acetic  acid  and  deposited  in  the  form  of 
colorless,  transparent  plates  melting  at  223  **  to  a  red  oil  with  shght 
effervescence.  A  mixture  of  this  compound  with  4-benzalhydantoiii 
melted  at  197-198°. 

Calc.  for  CuHioOsNs:  N,  12.16.     Found:  N,  12.14,  12.01. 

Ethyl  a5-4-Benzalhydantoin-l-acetate  (XVIII). — ^Thisis  the  chief  prod- 
uct of  the  reaction  when  the  sodiiun  salt  of  4-benzalhydantoin  interacts 
with  ethyl  chloroacetate  in  ethyl  alcohol.  To  prepare  the  hydantoia  10  g. 
of  the  benzal  derivative  were  suspended  in  a  solution  of  i  .3  g.  of  sodium 
in  100  cc.  of  absolute  alcohol.  This  mixture  was  then  heated  to  boiling 
until  the  hydantoin  was  completely  transformed  into  its  sodium  salt, 
which  separated  as  a  colorless  powder  insoluble  ill  the  alcohol.  Sevoi 
grams  of  ethyl  chloroacetate  and  a  molecular  proportion  of  potasdum 
iodide  were  then  added  and  the  digestion  continued,  by  heating  oa  the 
steam  bath,  imtil  the  alcohol  gave  a  neutral  reaction  towards  moist  litmus 
and  turmeric  paper.  The  solution  was  then  cooled  and  the  insolttUe 
material  separated  by  filtration.  Practically  aU  the  above  hydantcHU 
separated  here  with  the  inorganic  salts.  By  trituration  with  cold  water, 
it  was  obtained  in  a  crystalline  condition  and  was  finally  purified  by 
crystallization  from  hot  alcohol.  It  separated  from  this  solvent  in  the 
form  of  rhombic  prisms  which  melted  at  174°  to  a  clear  oil  without  ap- 
parent decomposition.  The  yield  of  purified  material  was  8.5  g.  or  (30% 
of  the  theoretical  quantity. 

Calc.  for  Ci4Hi40sNt:  N,  10.21.     Found:  N,  10.12,  10.15. 

In  a  second  alkylation  experiment  the  following  proportions  were  used: 
12.5  g.  of  the  benzalhydantoin,  1.7  g.  of  sodium  dissolved  in  100  cc.  of 
absolute  alcohol,  8.3  g.  of  ethyl  chloroacetate  and  12.5  g.  of  potassium 
iodide.     After  digestion  on  the  steam  bath  until  the  reaction  was  complete 

*  Ann,,  333,  loi  (1904). 
» Loc.  cU. 
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the  solution  was  cooled  and  the  hydantom-acetate  filtered  off  with  inorganic 
salts.  This  material  was  then  washed  with  a  small  volume  of  cold  water 
and  finally  dissolved  in  boiling  alcohol  to  purify  the  hydantoin.  The 
latter  dissolved  easily  and  separated,  on  cooling,  in  the  form  of  plates 
melting  at  174°.  There  was  a  small  amount  of  material,  however,  which 
would  not  dissolve  in  the  alcohol.  This  contained  inorganic  material  and 
dissolved  immediately  in  hot  water.  On  acidifying  this  solution  there 
was  an  immediate  precipitate  of  a  crystalline  substance,  which  proved 
to  be  4-bemalhydafttoin'i'acetic  acid  (see  below).  This  crystallized  from 
boiling  alcohol  in  the  form  of  rhombic  prisms  or  tables  which  melted  at 
257-258®  to  a  clear  oil. 

The  alcohol  filtrates  from  experiment  one  (above)  were  concentrated 
and  cooled  when  more  of  the  hydantoin-acetate  (m.  174°)  was  obtained 
together  with  a  secondary  product  which  melted  several  degrees  lower. 
The  latter  was  very  soluble  in  alcohol  and  separated  as  needles  which 
melted  at  158°  to  a  dear  oil.  The  experimental  evidence  so  far  obtained 
points  to  the  conclusion  that  this  substance  is  a  stereoisomeric  modifica- 
tion of  ethyl  4-benzalhydantoin- 1 -acetate  (trans  form).  When  boiled  with 
strong  potassium  hydroxide  solution  no  ammonia  -was  evolved.  We 
did  not  obtain  enough  of  the  compound  to  reduce  it  to  the  corresponding 
4-benzylhydantoin. 

Calc.  for  C14H14O1N2:  N,  10.21.    Found:  N,  10.10. 
The  corresponding  structural  isomer  ethyl  4-benzalhydantatn'j'aceiate  has 
never  been  described.     An  attempt  to  prepare  this  substance  by  condensa- 

NH— CO 

I 
CO 

I 

CiHjOOCCHjN C.CH.CeH. 

tion   of   ethyl   hydantoin-3-acetate»    C2H5OOC.CH2.N— CO.NH.CO.CH, 

with  benzaldehyde,  in  acetic  acid  and  in  the  presence  of  anhydrous  sodium 
acetate,  was  unsuccessful.     This  result  is  in  accord  with  previous  ob- 
servations on  the  inactivity  of  3-substituted  hydantoins  towards  aldehydes. 
4-Benzalhydantoin-l-acetic  Acid,C0.N(CH2C00H).C0.NH— C  :  CH- 


CeHs. — ^This  acid  is  easily  obtained  by  saponification  of  the  above  ester 
with  adds  and  alkaUes.  Ten  grams  of  the  ester  were  digested  with 
75  cc.  of  hydrobromic  add  for  about  5  hours.  The  hydantoin  remained 
insoluble  throughout  the  operation  and  ethyl  bromide  was  evolved. 
After  removal  of  the  excess  of  hydrobromic  acid  by  evaporation  at  lOo**, 
the  acetic  acid  derivative  was  then  washed  with  cold  water,  in  which  it  is 
*  This  hydantoin  was  kindly  sent  to  me  by  Professor  J.  R.  Bailey  of  the  University 
ai  Texas  (sec  Tms  Jo'urnai.,  37,  935  (1915)). 
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practically  insoluble,  and  purified  by  crystallization  from  hot  alcohol. 
It  separated  from  this  solvent,  on  cooling,  in  the  form  of  diamond  shaped 
prisms  which  melted  at  258°  to  a  dear  oil.  From  10  g.  of  the  ester  were 
obtained  7.5  g.  of  the  purified  add  or  84%  of  a  theoretical  jridd.  The 
same  add  was  also  obtained  in  the  form  of  its  potassium  salt  by  saponifying 
the  above  ester  with  potassium  hydroxide.  Two  grams  of  the  ester  and 
0.4  g.  of  potassiiun  hydroxide  were  digested  with  50  cc.  of  95%  alcohol 
at  100°  for  one  hour.  The  reaction  was  apparently  complete  at  the  end 
of  this  time  and  the  potassium  salt  of  the  add  had  separated  as  colorless 
prisms.  These  were  separated  and  dissolved  in  water.  On  addifying 
the  aqueous  solution  with  hydrochloric  add  the  hydantoin  separated  at 
once  and  mdted  at  256-258**. 

Calc.  for  CuHi^OiNi:  N,  11.38.    Found:  N,  11.36,  11.30. 

4-Benzylhydantoin,  CO.NH.CO.NH.CH.CHjCeHg.— Wheder  and  HofF- 

I I 

mann*  prepared  this  compound  by  reduction  of  4-benzalhydantoin  with 
hydriodic  add  and  phosphorus,  and  also  with  aluminum  amalgam  in 
alkaUne  solution.  Wheder,  Hoffmann  and  Johnson^  showed  that  the 
same  change  can  be  effected  by  digesting  the  benzal  derivative  with  tin 
and  hydrochloric  add  but  obtained  a  poor  yidd  of  the  reduced  hydantoin. 
By  sUght  changes  in  procedure  we  find  that  the  reduction  can  be  acccm- 
plished  quantitatively  by  means  of  these  reagents.  Ten  grams  of  the 
4-benzalhydantoin  were  digested,  on  a  sand  bath,  with  20  g.  of  mossy 
tin  and  300  cc.  of  20%  hydrochloric  add.  When  complete  reduction  had 
taken  place  the  hydantoin  had  completely  dissolved  giving  practically 
a  colorless  solution.  The  solution  was  filtered  and  the  excess  of  hydro- 
chloric add  removed  by  evaporation  at  100°.  The  residue  of  tin  chloride 
and  reduced  hydantoin  was  then  dissolved  in  hot  water  and  the  tin  pre- 
cipitated by  addition  of  an  excess  of  aqueous  ammonia.  The  predpitate 
of  stannous  hydroxide  was  filtered  off  and  the  filtrate,  after  addifying 
with  hydrochloric  add,  evaporated  to  dr3mess.  The  residue  left  behind 
was  then  triturated  with  cold  water  to  remove  ammonium  chloride  when 
the  benzylhydantoin  remained  undissolved.  This  was  purified  by  crystal- 
Uzation  from  hot  alcohol  and  separated,  on  cooling,  in  the  form  of  colorless 
prisms  mdting  at  190°  to  a  dear  oil.  From  10  g.  of  the  unsattuated 
hydantoin  we  obtained  9  g.  of  this  purified  benzalhydantoin  or  90%  of  a 
theoretical  yield. 

This  same  hydantoin  can  also  be  prepared  by  reduction  of  4-benzal- 
hydantoin with  zinc  and  acetic  acid.  Two  grams  of  the  benzal  derivative 
were  dissolved  in  40  cc.  of  hot,  glacial  acetic  add  and  5  g.  of  powdered 
zinc  added  to  the  solution.    The  mixture  was  then  boiled  for  several  hours 

*  Am.  Chem,  J,,  45,  372  (191 1). 

*  J,  Bid.  Chem.,  xo,  147  (i9"). 
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and  the  solution  evaporated  to  dryness  after  filtering  off  tmdissolved  zinc. 
The  residue  obtained  was  then  triturated  with  xo  cc.  of  water  acidified 
with  hydrochloric  add  to  remove  zinc  and  the  insoluble  hydantoin 
separated.  It  was  purified  by  crystallization  from  alcohol  and  melted 
at  190**.  We  obtained  1.8  g.  of  benzylhydantoin  corresponding  to  a  yield 
of  90%  of  the  theoretical. 
4-Benz7lhydantoin-l-a€etic  Acid,  C0.N(CH2C00H)C0NH.CH.CHs- 


C^6- — ^This  add  is  easily  prepared  by  reduction  of  the  corresponding 
benzal  derivative  with  tin  and  hydrochloric  add.  Five  grams  of  the 
benzal  derivative  and  10  g.  of  mossy  tin  were  digested  with  150  cc.  of 
20%  hydrochloric  add.  At  the  end  of  4  hours  the  hydantoin  had  com- 
pletdy  dissolved  indicating  complete  reduction.  After  filtering,  the 
add  solution  was  evaporated  to  dryness  and  the  tin  removed  by  pre- 
dpitation  with  ammonia.  On  evaporating  the  ammoniacal  filtrate  and 
finally  triturating  the  residue  obtained  with  cold  water  the  above  add 
remained  imdissolved.  It  was  ptuified  by  recrystallization  from  boiling 
water  and  separated,  on  cooling,  as  fiat,  colorless  prisms  or  rhombic 
plates,  which  melted  at  184-185°  to  a  dear  oil  without  effervescence. 
Calc.  for  CisHu04Nt:  N,  11.29.    ^ovaid:  N,  11.02. 

This  same  add  was  also  prepared  from  ethyl  4-benzylhydantoin-i- 
acetate  (see  bdow)  by  saponification  with  hydrobromic  and  hydrochloric 
add.  The  simplest  means  of  accomplishing  the  change  was  found  to  be 
the  evaporation  in  an  open  dish,  of  a  solution  of  the  ester  in  a  considerable 
excess  of  25-30%  hydrochloric  acid.  The  ester  dissolved  almost  im- 
mediatdy  in  the  acid  on  boiling.  After  evaporation,  the  residue  con- 
sisted of  pure  4-benzyIhydantoin- 1 -acetic  add  mdting  at  184°  to  a  dear 
oil.  From  9.7  g.  of  the  ester  we  obtained  7.8  g.  of  the  purified  add. 
Calc.  for  CisHuOiNi:  N,  11.29.    Found;  N,  ii.io,  11. 18. 

Ethyl    4-Benzylhydantoin-  1  -acetate,    CsHaOOCCHs.- 

N--CO— CH(CH»C6H5).NH— CO.HjO.— This  ester  is  easily  obtained  by 

I I 

alkylation  of  4-benzylhydantoin,  in  alcohol  solution  and  in  the  presence 
of  sodium  ethylate,  with  ethyl  chloroacetate.  After  the  reaction  was 
complete,  the  alcohol  was  removed  by  evaporation  and  the  residue 
triturated  with  cold  water  to  remove  soditun  chloride.  The  undissolved 
hydantoin  was  then  purified  by  crystallization  from  boiling  water.  It 
separated  from  this  solvent,  on  cooUng,  as  beautiful,  colorless  needles, 
which  mdted  at  157°  to  a  dear  oil.  The  hydantoin  is  soluble  in  alcohol. 
From  10  g.  of  4-benzylhydantoin  we  obtained  11.6  g.  of  the  purified  ester. 
This  same  hydantoin  is  also  formed  by  esterification  of  the  corresponding 
add  (see  above).  Two  grams  of  the  add  and  2  cc.  of-  concentrated  sul- 
furic add  were  dissolved  in  25  cc.  of  absolute  alcohol  and  the  mixture 
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boiled  for  5  hours.  The  excess  of  alcohol  was  then  removed  by  evapora- 
tion at  100°  and  the  resulting  ester  purified  by  reoystallization  from 
alcohol.     It  melted  at  157®. 

Ethyl  4-benzylhydantoin- 1 -acetate  was  also  prepared  by  a  third  method, 
namely,  by  reduction  of  ethyl  4-benzalhydantoin-i -acetate  with  zinc  and 
acetic  acid.  Three  grams  of  the  unsaturated  ester  were  dissolved  in 
50  cc.  of  hot  glacial  acetic  acid  and  5  g.  of  powdered  zinc  suspended  in 
the  solution.  After  boiling  the  solution  for  25  to  30  hotu^  (using  return 
condenser)  the  undissolved  zinc  was  removed  by  filtration  and  the  solu- 
tion finally  evaporated  to  dryness.  The  crystalline  residue  obtained  was 
triturated  with  10  cc.  of  cold  dilute  hydrochloric  acid  to  remove  any  zinc 
and  the  hydantoin  purified  by  crystallization  from  alcohol.  It  separated 
in  the  form  of  needles  and  melted  at  155-156®. 

We  also  prepared  this  ester  by  reducing  ethyl  4-benzalhydantoin-i- 
acetate  with  stannous  chloride.  Bight  granM  of  the  unsaturated  hy- 
dantoin and  10-12  g.  of  stannous  chloride  (SnCl2.2H20)  were  dissolved 
in  200  cc.  of  95%  alcohol  and  the  solution  saturated  hot  with  hydrochloric 
acid  gas.  After  reducing  in  the  add  solution  for  8-10  hours  the  alcohol 
was  then  evaporated  and  the  residue  obtained  triturated  with  cold  water 
to  remove  tin  chloride.  The  hydantoin-acetate  remains  behind  un- 
dissolved and  was  purified  by  cr3rstallization  from  boiling  alcohol.  It 
melted  at  157°  to  a  dear  oil.  Repeated  nitrogen  determinations,  both 
by  the  Kjeldahl  and  Dumas  methods,  consistently  indicated  that  this 
ester  crystallized  with  a  molecule  of  water.  The  compound  did  not 
lose  weight  when  heated  at  100®. 

Calc.  for  ChHi604N2.H80 :  N,  9.52.    Found:  N,  9.53,  9.53,  9.55,  9.60,  9.48. 

57m-Phenylalanine-glycine  Urea,  (XXII). — ^This  add  was  obtained  in 
the  form  of  its  dipotassium  salt  by  saponification  of  the  ethyl  4-benzyl- 
hydantoin- 1 -acetate  with  potassium  hydroxide.  Three  grams  of  the 
ester  and  2  g.  of  potassium  hydroxide  (3  molecular  proportions)  were 
dissolved  in  50  cc.  of  water  and  the  solution  heated  on  a  steam  bath  for  5 
hours.  Dilute  hydrochloric  add  was  then  cautiously  added  until  the 
mixture  was  neutral  to  turmeric  and  litmus  and  the  solution  finally 
evaporated  nearly  to  dryness.  This  concentrated  solution  was  then 
desiccated  in  a  vacuum  over  concentrated  sulfuric  add.  The  crystalline 
residue  obtained  was  then  triturated  with  cold  alcohol  when  the  potassium 
salt  of  the  urea  acid  dissolved  and  could  be  separated  easily  from  potassium 
chloride.  On  concentrating  the  alcoholic  solution  and  cooling  the  potas- 
sium salt  of  the  above  add  finally  deposited  in  the  form  of  colorless  needles. 
They  decomposed  when  heated  at  268-269**. 

Calc.  for  CuHisOtNsKs:  K,  22.87.    Pound:  K,  22.40. 

lu  order  to  obtain  the  free  acid  the  dipotassium  salt  was  suspended  in 
25  cc.  of  dry  benzene  and  dry  hydrochloric  add  gas  passed  into  the 
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mixture  at  room  temperattire  for  2  hours.  Neither  the  salt  nor  the  corre- 
sponding acid  was  soluble  in  this  solvent.  The  benzene  was  finally- 
allowed  to  evaporate  spontaneously  and  the  potassimn  chloride,  formed 
during  the  reaction,  dissolved  by  trituration  with  cold  water.  The  urea- 
acid  was  not  dissolved  by  this  solvent  (cold)  but  was  soluble  in  hot  water 
and  crystallized  on  cooling  in  colorless,  elongated  prisms  which  melted 
at  176-177°  with  violent  effervescence.  When  this  acid  was  melted  and 
the  resulting  oil  was  cooled  it  soUdified  again.  On  reheating  this  product 
it  was  not  changed  at  176-7°,  but  melted  sharply  at  184°  to  a  dear  oil. 
In  other  words,  the  acid  loses  water  at  the  temperature  of  its  melting 
point  and  is  converted  into  4-benzylhydantoin-i -acetic  add  (m.  184°) 
or  (phenylalanine-glycine  hydantoin). 

Calc.  for  CwHmOjNj:  N,  10.39.    Fotind:  N,  10.36. 

Hydrolysis  of  Ethyl  4-Benzylhydantoin-l-acetate  with  Hydrochloric 
Acid. — One  gram  of  the  hydantoin  and  15  cc.  of  concentrated  hydrochloric 
add  were  heated  in  a  pressure  tube  at  140-146°  for  3.5  hours.  When 
the  tube  was  opened  there  was  slight  pressure,  due  to  the  presence  of 
carbon  dioxide,  and  a  crystalline  product  was  suspended  in  the  add 
solution.  This  material  was  extremdy  soluble  in  cold  water  and  was 
apparently  a  mixture  of  the  hydrochlorides  of  glycocoll  and  phenylalanine. 
This  material  was  separated  by  filtration  and  examined  as  follows:  A 
portion  of  the  material  was  dissolved  in  water  and  the  solution  made 
strongly  alkaline  by  addition  of  sodium  hydroxide.  On  boiling  this 
solution  there  was  no  evolution  of  ammonia.  The  original  add  filtrate 
likewise  gave  no  ammonia  when  digested  with  an  excess  of  alkali.  The 
remainder  of  the  material  was  then  repeatedly  recrystallized  from  dilute 
hydrochloric  acid  when  a  definite  crystalline  product  was  easily  obtained 
which  deposited  in  the  form  of  rosets  of  prisms.  The  substance  con- 
tainedjjchlorine  and  decomposed  with  effervescence  when  heated  above 
235°.  It  was  dried  at  90-100°.  A  nitrogen  determination  indicated 
that  we  were  dealing  with  the  hydrochloride  of  phenylalanine  originally 
described  by  Erlenmeyer  and  Kunlin.^ 

Calc.  for  (C»HuOaN)2HCl:  N.  7.69.     Found:  N,  7.9. 

Hydrolysis  with  an  Aqueous  Solution  of  Potassium  Hydroxide. — Five- 
tenths  of  a  gram  of  ethyl  4-benzylhydantoin-i -acetate  and  i.o  g.  of  potas- 
sium hydroxide  were  dissolved  in  10  cc.  of  water  and  the  solution  boiled 
for  one-half  hour  in  order  to  obtain  the  dipotassium  salt  of  s>w-phenyl- 
alanine-glycine  urea.  There  was  no  evolution  of  ammonia  dining  this 
operation.  The  aqueous  solution  was  then  evaporated  to  dryness  at 
100°  and  the  residue  dissolved  in  an  excess  of  dilute  hydrochloric  acid 
and  the  solution  evaporated  again.  The  crystalline  residue  obtained 
here  was  then  triturated  with  cold  water  to  remove  potassium  chloride 
1  Ann.,  307,  160  (1899). 
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and  the  cry^tallme  product  left  behind  purified  by  recrystallization  from 
boiling  water.  It  separated,  on  cooling,  in  the  form  of  prismatic  crystals 
which  melted  at  183-184^  to  an  oil.  A  mixture  of  this  with  phenyl- 
alanylglyctne-hydatUoin  (m.  184^)  melted  at  the  same  temperature. 

Nsw  Havsn.  CoifN. 


(CONTRXBDTION  PROM  THB   ChSMICAL  DEPARTMSNT  SLANSAS  AGRICULTURAL  BZFSBI- 

MBNT  Station.] 

A  STUDY  OF  CERTAIN  CONDITIONS  WmCH  AFFECT  THE  AC- 
TIVITY OF  PROTEOLYTIC  ENZYMES  IN  WHEAT  FLOUR. 

Bt  C.  O.  Swansom  AifD  B.  L.  Taous. 
ReodTcd  Febraary  16,  1916. 

Introduction. 

A  study  on  conditions  which  affect  the  activity  of  amylolytic  enzymes 
in  wheat  flour  was  reported  in  a  previous  paper.  ^  In  that  study  sevend 
facts  were  noticed  which  deserve  further  investigation.  In  planning  for 
such  work  it  was  seen  that  the  proteins  of  the  flour  were  involved,  aod 
therefore  it  was  thought  best  first  to  make  a  study  of  certain  conditioos 
which  affect  the  activity  of  proteolytic  enzymes  of  wheat  flour. 

In  this  investigation  we  used  a  high-grade  patent  flour,  made  by  die 
Department  of  Milling  Industry.  Such  a  flour  is  desirable  because  it 
consists  mostly  of  the  pure  floury  endosperm  of  the  wheat  kernel,  and  has 
a  low  ash  content. 

The  proteins  of  wheat  flotu*  have  been  the  object  of  a  large  amount  of 
investigation.  Osborne  and  Voorhees*  separated  the  nitrogenous  sab- 
stances  in  wheat  flour  into  five  distinct  proteins  known  as  gliadin,  glutenin, 
globulin,  leucosin,  and  proteose.  Because  of  the  number  and  complex 
nature  of  the  proteins  of  wheat  flour  it  was  decided  to  confine  this  study 
to  the  protein  leucosin  freely  soluble  in  pure  water. 

It  is  recognized  that  the  figures  obtained  would  have  been  different 
had  we  used  the  whole  ground  wheat  kernel,  or  flour  less  free  from  proteins 
of  the  bran  coat  and  germ.  The  results  woidd  probably  also  have  been 
different  had  the  other  proteins  of  the  flour  been  included.  It  is  planned 
to  continue  this  experiment  under  conditions  where  the  other  proteins 
of  the  flour  are  included,  and  also  on  the  whole  grotmd  wheat  kernel. 
Methods  of  Experimentation. 

A  large  number  of  preliminary  trials  were  made  in  order  to  detennine 
the  best  methods  of  procedure.  In  this  report  are  presented  only  the 
results  of  trials  that  were  found  workable  and  of  value  in  this  study. 
The  data  obtained  in  the  different  trials  are  not  given  in  the  chronological 
order  of  performance,  but  in  a  manner  calculated  to  make  the  report  dear. 

1  This  Journai*,  35,  1635-1643  (1913). 
\Am.  Chem,  J,,  15,  392-471  (1893). 
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All  of  the  determinations  were  made  in  quadruplicate,  and  wherever  the 
agreement  was  not  within  reasonable  limits,  the  trial  was  repeated.  The 
results  here  given  are  the  average  of  the  determinations  made  under 
acceptable  conditions. 

The  general  plan  of  procedure  was  to  digest  a  water  extract  of  flour 
imder  the  conditions  of  the  trial  and  then  determine  the  increase  in  the 
content  of  nitrogen  in  the  amino  form.  For  determining  the  amount  of 
nitrogen  in  this  form  at  any  stage  of  the  experiment,  the  formal  titration 
as  elaborated  by  Sorensen*  was  employed.  By  using  the  water  extract, 
the  study  is  confined  principally  to  the  action  of  proteolytic  enzymes  on 
the  water-soluble  protein  known  as  leucosin.  The  acids,  alkali,  salts, 
or  other  substances  used  in  this  study  were  added  to  the  flour  extract. 

The  water  extract  from  sound  flour  contains  nitrogenous  compounds 
having  free  amino  and  carboxyl  groups.  If  this  extract  is  neutralized  and 
then  formaldehyde  added,  the  amount  of  titrable  material  is  always  a 
meastu-able  quantity.  It  is  necessary  to  determine  the  amount  of  such 
titrable  material  before  we  can  measure  the  protein  cleavage  due  to  the 
action  of  proteoljrtic  enzymes.  This  determination  is  reported  as  the  blank 
in  the  tables  that  follow. 

In  this  investigation  the  influence  of  bacterial  action  was  eliminated 
by  the  use  of  neutral  toluene  water  in  making  the  extractions  and  diges- 
tions. Ordinary  distilled  water  was  made  neutral  by  passing  through  it 
air  freed  from  carbon  dioxide.  To  such  /water  was  added  5  cc.  of  neutral 
toluene  for  8  liters,  or  a  Uttle  more  than  V2  cc.  per  liter.  We  believe 
that  this  amount  of  toluene  was  suflicient  to  inhibit  bacterial  action, 
because  the  extracts  were  always  found  neutral  to  litmus  paper  tested 
according  to  the  method  of  Henriques  and  S6rensen,*  and  toluene  was 
seen  floating  on  the  siuiace  of  the  extract.  If  such  an  excess  of  toluene 
was  not  noticed  more  was  added.  In  several  preliminary  trials  four  times 
the  above  amount  of  toluene  was  used,  but  the  results  were  not  essentially 
different  from  those  obtained  with  the  smaller  quantity  which  was  suiBB- 
cient  to  provide  an  excess. 

The  following  is  a  brief  outline  of  the  method  we  used  in  determining 
the  amount  of  nitrogen  in  the  amino  form  present  in  floiu*.  For  the  sake 
of  brevity,  the  nitrogen  in  amino  form  will  be  called  the  titrable  nitrogen. 
A  definite  amount  of  flour  is  mixed  with  ten  times  its  weight  of  neutral 
toluene  water,  and  shaken  at  frequent  intervals  for  one  hour.  This  is  then 
allowed  to  settle  for  30  minutes.  If  the  extraction  is  to  be  made  at  a  given 
temperatiu-e  it  is  necessary  to  heat  the  water  and  flour  to  this  temperature 
t>efore  mixing  and  then  keep  the  contaiaer  in  a  thermostat  for  the  re- 

'  H.  Jessen-Hanse  in  "Handbuck  der  Arbeitsmethoden  von  Abderhalden,  V/'  6, 
262-277. 

*  Z,  physiol.  Chem.,  64,  133;  also  "Handbucfa  der  Arbeitsmethoden,"  loc.  cii. 
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quired  time.  A  narrow-mouth  glass  stoppered  bottle  is  a  convenient 
oootainer.  After  settling,  the  supernatant  liquid  is  filtered  first  through 
cotton,  then  through  folded  filter  paper.  Measure  four  loo  cc.  portions 
into  Erlenmeyer  flasks,  marked,  say,  a,  b,  c,  d.  Using  these  proportions  of 
flour  and  water  gives  the  results  as  titrable  material  in  the  extract  from 
lo  g.  of  flour.  To  c  and  d  add  5  cc.  of  solution  of  thymolphthalein,  made 
by  dissolving  0.5  g.  in  1000  cc.  of  93%  neutral  alcohol,  and  also  10  cc. 
ol  40%  formaldehyde  neutral  to  the  thymolphthalein  solution,  and  let  stand 
15  minutes  or  more.  While  waiting,  titrate  flasks  a  and  b  with  0.05  N 
Ba(0H)9,  using  5  cc.  of  a  0.5%  neutral  alcoholic  solution  of  phenolphthalein 
as  indicator.  The  titration  of  flasks  a  and  b  is  called  the  first  stage. 
When  solutions  c  and  d  have  stood  15  minutes  or  more  titrate  to  a  faint 
blue.  This  end  point  is  quite  delicate  and  there  is  no  difficulty  in  getting 
the  exact  reading.  The  titration  of  c  and  d  is  called  the  second  stage. 
The  average  reading  for  a  and  6  subtracted  from  the  average  reading  for 
c  and  d  gives  the  figure  for  calculating  the  amount  of  titrable  nitrogen. 
If  0.05  N  alkali  is  used  the  difference  times  0.7  gives  the  milligrams  titrable 
nitrogen  in  the  extract. 

As  a  check  on  the  work,  add  the  formaldehyde  to  flasks  a  and  b  as  soon 
as  the  first  stage  titration  is  completed,  and  let  stand  15  minutes  or  more. 
Titrate  to  a  faint  pink,  then  add  the  alkaU,  drop  by  drop,  shaking  wdl, 
till  the  rose-red  color  is  obtained.  It  will  be  found  that  the  total  amount 
of  alkali  added  to  a  and  b  is  less  than  that  added  to  c  and  d  if  the  titration 
is  stQpped  when  the  faint  pink  color  is  obtained  in  the  second  stage, 
but  if  the  titration  is  continued  to  a  rose-red  the  amounts  will  be  prac- 
tically equal.  That  it  is  necessary  to  titrate  to  a  deep  rose-red  when  phenol- 
phthalein is  used  as  indicator  was  determined  by  dissolving  several  pure 
amino  adds  in  neutral  water  and  then  titrating,  similar  to  what  was  done 
by  Sorensen.  If  the  titration  is  carried  to  a  faint  pink,  only  about  95% 
of  the  nitrogen  in  the  amino  form  is  obtained. 

In  making  any  formal  titration,  after  ascertaining  that  the  solution  is 
neutral,  it  is  necessary  to  make  sure  that  no  ammonia  is  present.  It  was 
fpund  that  all  flour  extracts  used  in  this  investigation,  unless  adds  or  alkali 
had  been  added,  were  neutral,  and  that  no  ammonia  was  present. 

While  floiu-  extract  is  neutral  to  this  litmus  paper,  it  is  not  neutral  to 
phenolphthalein,  as  shown  by  the  titrable  material  obtained  in  the  first 
stage.  The  neutralization  of  the  alkali  used  in  the  first  stage  is  due  to 
the  presence  of  add  phosphates,  organic  adds,  if  such  are  present,  or  any 
substance  in  the  flour  that  has  the  power  to  neutralize  an  alkali.  The 
substances  in  the  flour  extract  which  neutralize  the  alkali  in  the  first  stage 
have  been  discussed  by  Swanson  in  a  previous  paper.*  This  first  stage 
is  the  usual  method  of  determining  addity  in  wheat  flour. 

*  J,  Ind.  Eng.  Chem.,  4,  274  (1912);  also  Kans.  Agr.  Expt.  Sta.,  Bull,  2oa« 
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Why  is  it  necessary  to  titrate  portions  a  and  bf  Why  not  titrate  por- 
tions c  and  d  in  the  two  stages?  Phenolphthalein  is  a  more  sensitive  indi- 
cator for  the  first  stage,  and  it  is  necessary  first  to  measure  as  far  as  possible! 
the  neutralization  due  to  substances  other  than  the  carboxyl  groups  which 
are  a  part  of  the  amino  acids,  if  we  are  to  obtain  a  true  measure  of  nitrogen 
in  the  amino  form.  That  these  substances  neutralized  in  the  first  stage 
■  are  mostly  acid  phosphates  is  probable  from  the  work  referred  to  above. 
Th3miolphthalein  is  a  more  sensitive  indicator  for  the  second  stage  with 
opalescent  solutions  like  these  flour  extracts.  With  phenolphthalein  it  is 
difiicult  to  determine  the  amount  of  alkali  to  add  beyond  the  faint  pink 
end  point  to  produce  the  required  rose-red  color.  With  clear  solutions 
this  difficulty  is  absent  and  the  two  stages  of  titration  can  be  made  on  the 
same  portion  of  extract,  using  phenolphthalein  as  indicator.  The  color 
end  point  for  each  stage  is  matched  against  a  standard  prepared  each  day, 
by  adding  to  loo  cc.  of  neutral  water  5  cc.  of  the  phenolphthalein  or  thymol- 
phthalein  solution  as  the  case  may  be,  and  exactly  8  drops  of  0.05  N 
Ba(0H)2. 

Experimental. 

The  digestions  were  made  at  room  temperature  unless  otherwise  stated. 

Trial  I. — In  order  to  determine  the  best  proportion  in  which  to  mix  flour 
and  water,  and  the  time  necessary  for  complete  extraction  at  25^,  flotir 
and  water  were  mixed  in  a  bottle  in  the  following  proportions:  i  :  5, 
I  :  10,  I  :  20,  I  :  50.  These  were  shaken  at  frequent  intervals,  and 
at  the  end  of  definite  periods  small  amounts  were  poured  on  four  different 
folded  filters,  to  get  as  rapid  filtration  as  possible,  and  only  enough  was 
poured  on  the  filter  to  give  sufficient  filtrate  to  measure  portions  large 
enough  to  represent  the  extract  from  10  g.  of  flour.  The  main  portion 
in  the  bottle  was  again  shaken  at  frequent  intervals,  and  at  the  end  of  the 
next  period  the  filtration  was  repeated.  The  four  portions  obtained 
at  the  end  of  each  period  were  titrated  for  the  first  and  second  stages^ 
with  the  result  given  in  cc.  of  Ba(0H)2  neutralized. 
Tablb  I. — ^Bbst  Proportion  in  Which  to  Mix  PtouR  and  Water  and  the  TniB 

NSCBSSARY  for  ComPLBTB  EXTRACTION  AT  25  ^ 

1:5.  1:10.  1:20.  1:50. 

. > .  . . .  , ^ ,  , . .  Time 

1st.  2nd.  1st.  2nd.  1st.  2nd.  1st.  2nd.  extracted. 

1.20      2.00  0.95       1.55  1.20       1.40  1.50      2.00  10  minutes 

1.70      2.20  1.50      2.20  1.40      2.20  1.75      2.25  2ominutes 

1.90      2.60  1.90      2.30  2.00      2.20  2.00      3.00  40  minutes 

2.10      2.80  2.00      2.40  2.20      2.20  2.50      3.00  60  minutes 

2.10      2.90  2.00      2.40  2.20      2.20  2.50      3.00  90  minutes 

2.10      2.60  2.00      2.40  2.20      2.40  2.50      3.00  120  minutes 

Proportion  i  :  5  was  too  concentrated  and  filtering  was  difficult.  Pro- 
portion I  :  50  was  too  dilute  and  the  error  on  the  end  point  relatively  too 
large.  Proportions  i  :  10  and  i  :  20  gave  results  that  were  practically 
the  same. 
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Trial  11. — ^This  was  a  repetition  of  Trial  I,  except  that  the  water  was 
heated  to  37  °  before  it  was  mixed  with  the  flour,  and  the  bottle  containing 
the  mixture  was  kept  at  this  temperature.  The  results  show  that  more 
titrable  material  is  extracted  at  37^  than  at  25^,  and  also  that  the  titrable 
material  in  the  flour  is  extracted  in  an  hour's  time,  and  that  extractioa 
far  another  hour  gives  no  important  increase. 

Tabls  II.— B88T  Proportion  m  Which  to  Mix  Flour  and  Watsr  and  the  Tus 

N8C9S6ARY  POR   COMFLBTB   EXTRACTION  AT  37^. 


1:5. 


1:10. 


1:20. 


1:50. 


1st. 

2nd. 

lit. 

2nd. 

1st. 

2nd. 

1st. 

2nd. 

Time 
extracted. 

i.8o 

2.00 

2.00 

2.20 

2.40 

1.60 

2.00 

3.00 

10  minutes 

2. CO 

2.40 

2.30 

2.70 

2.40 

2.40 

2.25 

3.75 

20  minutes 

l.IO 

2.70 

2.55 

2.70 

2.40 

2.40 

2.50 

4.00 

40  minutes 

2.IO 

2.70 

2.60 

2.70 

2.60 

2.40 

2.50 

4.00 

OO  w^iw^^^ipg 

3.20 

3.00 

2.60 

2.70 

2.60 

2.40 

2.50 

4.00 

90  minutes 

2.30 

3.00 

2.60 

2.70 

2.60 

2.60 

2.50 

4.00 

120  minutes 

Effect  of  Inorganic  Compounds. 

In  the  following  tests  it  was  necessary  to  have  a  large  amount  of  flour 
extract.  The  extract  for  each  test  was  prepared  as  follows:  700  g.  of 
the  flour  were  weighed  into  an  8-Uter  bottle.  To  this  was  added  7000  cc. 
of  neutral  toluene  water,  and  the  whole  was  shaken  for  one  hour.  It  was 
tbeti  allowed  to  settle  for  one  hour,  and  about  6000  cc.  siphoned  off  and 
filtered,  first  through  cotton  and  then  through  a  folded  filter.  From  this 
extract  fotu-  100  cc.  portions  were  measured  and  titrated  for  the  first 
ajad  second  stages.  This  constituted  the  blank  titration.  The  rest  of 
the  flour  extract  was  placed  in  a  large  bottle  and  used  for  the  tests  under 
the  conditions  given.  Where  the  digestion  was  conducted  at  a  tempera- 
ture higher  than  that  of  the  laboratory,  a  thermostat  was  used.  This 
was  provided  with  a  stirrer  and  thermoregulator,  and  a  constant  tem- 
perature was  easily  maintained. 

Trial  m. — ^To  determine  the  effect  of  digesting  the  floiu*  extract  alone. 
The  flour  extract  was  kept  at  a  temperature  of  very  nearly  40**  and  at 
the.  end  of  each  week  the  amount  of  titrable  material  was  determined. 
The  amount  of  titrable  material  obtained  in  the  first  stage  shows  a  slight 
increase  during  the  first  week,  after  which  the  results  obtained  are  constant. 

TaBLB  III. — RESULTS  PROM  DIGESTING  THB  PlOUR  EXTRACT  AlONB. 
Ist.  stage.  2iid  stage.  MilUgnms 

Time.  Cc.  0.05  N  Ba(OH)t.   Cc.  0.05  N  Ba(OH)t.  N  in  amino  fbi 


blank 

33 

2.7 

1.89 

I  week 

43 

3.6 

2.52 

2  weeks 

4.1 

4-4 

3.08 

3  weeks 

44 

4-9 

3-43 

4  weeks 

4-4 

6.0 

4.20 

5  weeks 

4-4 

6.0 

4.20 

6  weeks 

4-2 

6.4 

4  48 

7  weeks 

4  .^ 

6.2 

4  34 
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The  amount  of  titrable  nitrogen  obtained  in  the  second  stage  increases 
slightly  to  the  end  of  the  fourth  week,  after  which  there  is  no  definite  change 
The  results  in  cc.  are  reported  only  to  the  first  decimal  place,  as  beyond 
that  they  have  no  significance. 

Trial  IV. — ^To  determine  the  effect  of  adding  to  the  flour  extract  50  mg., 
respectively,  of  potassitmi  dihydrogen  phosphate,  potassium  hydrogen 
phosphate,  or  potassium  orthophosphate,  for  each  10  g.  of  flour,  extracted, 
and  digestii^^  at  40^. 

Potassium  Dihydrogen  Phosphate  is  add  and  the  amount  of  Ba(OH}s 
neutralized  in  the  first  stage  is  very  much  increased.  In  Trial  III  the 
amount  of  0.05  N  Ba(OH)s  neutralized  in  the  blank  for  the  first  stage  was 
3.3  cc.  and  here  it  was  12.7  cc.  The  9.4  cc.  Ba(OH)s  was  neutralized  by 
the  50  mg.  SZHtP04.  The  amount  of  titrable  nitrogen  increases  during 
the  first  two  weeks,  but  the  increase  is  not  materially  different  from  the 
results  obtained  when  only  neutral  water  was  used,  showing  that  this 
salt  has  no  catalytic  action  on  protein  deavage.  If  there  is  any  influence 
it  is  retarding. 

Tablb  IV. — ^Efp«ct  op  Potassium  Phosphatbs. 

Time. 

blank 
24hofurs 

1  week 

2  weeks 

3  weeks 

4  weeks 

5  weeks 

blank 

1  week 

2  weeks 

3  weeks 

4  weeks 

5  weeks 

6  weeks 

blank 

1  week 

2  weeks 

3  weeks 

4  weeks 

5  weeks 

6  weeks 

7  weeks 

8  weeks 
1  0.4  HCl  added. 


lat  stage. 

Cc.  0.05  N  Ba(OH)t. 

2nd  stage. 

MiUlgniiit 

Cc.  0.05  N  Ba(OH)t. 

N  in  amino  form. 

Potassium  Dibydrogen  Phosphate. 

' 

12.7 

2.6 

1.82 

12.5 

2.9 

2.03 

12.4 

4.8 

3.36 

12.7 

5.6 

3.92 

12.7 

5.4 

3.78 

12. 1 

5.7 

3.99 

12.5 

5.2 

3.64 

Potassium  Hydrogen  Phosphate. 

2.4 

3.3 

2.31 

2.9 

4.3 

3.01 

4-4 

4.0 

2.80 

4.4 

4.2 

2.94 

4.6 

4.1 

2.87 

5.0 

4.4 

3.08 

5.1 

4.4 

3.08 

Potassium  Orthophosphate. 

0.4* 

3.2 

2.24 

0.0 

4.2 

2.94 

0.6 

4.6 

3.22 

0.7 

5.1 

3.75 

1.2 

5.2 

3.64 

1.5 

4-5 

3.15 

1.8 

5.0 

3.50 

1.7 

5.3 

3.71 

2.0 

5.9 

4.13 
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Potassium  Hydrogen  Phosphate  was  slightlv  basic  as  shown  by  the 
fact  that  the  blank  titration  for  the  first  stage  is  a  little  less  than  in  Trial 
III.  This  basicity  decreases  slowly  but  definitely.  The  amount  of  titrable 
nitrogen  shows  no  increase  after  the  first  week.  This  salt  has,  therefore, 
in  the  amount  used,  an  inhibiting  effect  on  protein  cleavage. 

Potassium  Orthophosphate  is  basic,  and  the  addition  of  this  amotmt 
of  salt  is  more  than  sufficient  to  neutralize  the  acidity  of  the  flour  extract 
as  shown  by  the  titration  of  the  blank.  The  acidity  of  the  flour  extract 
is  probably  due  to  the  presence  of  salts  similar  to  KHtP04,  judging  from 
the  amoimt  of  bases  and  phosphorus  present.  The  addition  of  K1PO4 
would  react  with  the  KHsP04,  forming  KsHPOi,  which,  as  shown,  is 
almost  neutral  or  only  slightly  basic.  The  basicity  decreases.  At  the 
end  of  the  first  week  the  extract  was  neutral  to  phenolphthalein,  and  the 
acidity  gradually  increased.  The  K3PO4  has  a  retarding  effect  on  protein 
deavage. 

Trial  V. — ^To  determine  the  effect  of  adding  to  the  flour  extract  80  mg. 
KOH  for  every  10  g.  of  floiu:  extracted.    This  made  the  solution  alkaline. 

Tabls  V. — Efpbct  of  Adding  Potassium  Hydroxids. 

1st  stage.  2nd  atace.  MUlifframs 

Time.  Cc.  0.05  N  Ha.  Cc.  O.OS 

blank  14.6 

1  week  9.6 

2  weeks  7.3 

3  weeks  7 .  i 

4  weeks  6.5 

5  weeks  6.2 

6  weeks  5.0 

7  weeks  5 .  i 

8  weeks  5 . 4 

The  alkalinity  decreases  regularly  till  the  end  of  the  fifth  week.  The 
result  is  very  similar  to  that  obtained  ia  Trial  IV  with  KsPOi.  It  may 
mean  that  more  KH2PO4  is  formed  through  hydrolytic  action.  The  amount 
of  titrable  nitrogen  does  not  increase,  showing  that  the  presence  of  this 
amount  of  KOH  stops  proteia  cleavage. 

Trial  VI. — ^To  determine  the  effect  of  adding  100  mg.  KtS  for  each  10  g. 
of  flour  extracted.  The  effect  of  this  salt  was  a  sUght  increase  in  the 
acidity  during  the  first  week,  after  which  the  results  were  constant.  The 
increase  in  the  amoimt  of  titrable  nitrogen  is  not  greater  than  when  water 

Table  VI. — Effect  of  Adding  Potassium  Sulfide. 


1  ^rBa(OI 

i)t.  NinuAno 

3.4 

2.38 

3.4 

2.39 

3.3 

2.31 

4.0 

2. 82 

3.3 

2.31 

3.0 

2.10 

2.8 

1.96 

2.4 

1.68 

2.6 

1.82 

IttiUge. 

2nditmKe.                   MilHgraim 

Time. 

Cc.  0.05  N  Ba(OH)t. 

Cc.  0.05  iV  Ba(OH)fl.    Niaaminof< 

blank 

4.7 

3.1                            2.17 

I  week 

7.5 

3.8                           2.66 

2  weeks 

7.9 

4.6                           3.22 

3  weeks 

7-4 

6.0                           4.20 

4  weeks 

7.2 

6.2                         4.34 

Digitized  by  VjOOQ 

STUDY  OF  PROTEOLYTIC  BNZYMICS  IN  WHQAT  FLOUR.  H05 

alone  was  used,  showing  that  KS  in  the  amount  used,  has  no  influence 
on  the  rate  of  protein  cleavage. 

Trial  Vn. — ^To  determine  the  effect  pf  adding  to  the  flour  extract  50 
mg.  of  NH4CI  for  each  10  g.  of  flour  extracted.  There  was  no  notable 
change  in  the  amount  of  titrable  material  obtained  in  the  first  stage  until 
after  the  fourth  week.  The  amount  of  titrable  nitrogen  obtained  in  the 
second  stage  was  large.  The  great  increase  in  the  blank  is  due  to  the  pres- 
ence of  ammonia. 

Tabls  VII. — ^Effact  OF  Adding  Ammonium  Cmx>RiDB. 


Time. 

IvtiUge. 
Cc.  0.05  N  B«(OH)t. 

Mg.  N  in  amino  form, 
2nd  stage.             due  to  pretence 
Cc.  0.05  N  Ba(OH)t.           of  NH4CI. 

blank 

21.0 

12.70 

I  week 

23.7 

14.59 

2W<^k3 

26.0 

16.20 

3  weeks 

28.0 

17.60 

4  weeks 

29.2 

18.44 

5  weeks 

7.0 

34.2 

21.94 

The  presence  of  NH4CI  increases  the  amount  of  protein  cleavage  more 
than  any  of  the  previous  salts  used  in  this  series  of  experiments.  The 
average  mg.  nitrogen  obtained  in  the  blanks  of  the  preceding  trials  is 
very  nearly  2.  The  increase  beyond  this  amount  is  due  to  the  presence 
of  the  NH4CI. 

Trial  Vin. — ^To  determine  the  effect  of  adding  to  the  flour  extract 
50  mg.  of  CaCls  for  each  10  g.  of  flour  extracted.  The  amount  of  titrable 
material  obtained  in  the  first  stage  shows  a  very  slight  increase  dtuing 
the  first  week. 


Tablk  VIII 

.— Effbct  op 

Adding  Calcium  Chloride. 

Time. 

1st  sUge. 
Cc.  0.05  N  Ba(OH)«. 

2nd  stage.                   Milligrams 
Ce.  0.05i^Ba(OH)t.    N  ia  amLio  form. 

blank 

3.6 

2.6                           1.82 

I  week 

4.2 

5.2                           3.64 

2  weeks 

4.5 

7.2                           5.04 

3  weeks 

5.4 

II. 0                           7.70 

4  weeks 

5.2 

13.5                           9.45 

5  weeks 

4.4 

14.7                          10.29 

Xhe  amount  of  titrable  nitrogen  obtained  in  the  second  stage  shows  that 
OaCla  is  practically  equal  to  NEUCl  in  affecting  the  rate  of  protein 
cleavage. 

Trial  IX.— To  determine  the  effect  of  adding  to  the  flour  extract  HCl, 
in  such  amotmts  as  to  make  the  concentration  of  the  solution  equivalent 
to  o.oi  N.  As  it  would  take  20  cc.  of  the  0.05  N  Ba(0H)2  to  neutralize 
tlie  HCl  present  in  the  100  cc.  portion  titrated,  the  difference  between  20 
and  the  figures  given  shows  the  amount  of  Ba(0H)2  neutralized  by  the 
substances  present  in  the  flour  extract.  These  figures  are  very  nearly 
tlie  same  as  would  be  obtained  in  titrating  the  flour  extract  alone  as  in 
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Trial  III.    The  amount  of  titrable  nitrogen  obtained  in  the  second  stage 
shows  that  at  this  concentration  HCl  inhibited  protein  cleavage. 

Table  IX. — ^Epfbct  of  Adding  HCl. 

l«t  sUge.  2iid  stage.  MlUignuns 

Time.  Cc.  0.05  N  Ba(OH)t.      Cc.  0.05  N  Ba(OH)t.     N  in  asamo  form. 

blank  22.44  2.40  1.68 

1  week  23.44  3.45  2.42 

2  weeks  23.12  3.10  2.17 

3  weeks  23.00  3.80  2.66 

4  weeks  23.10  4.10  2.87 

Trial  X— To  determine  the  eflfect  of  adding  to  the  flour  extract  HCl  in 
such  amounts  as  to  make  the  concentration  equivalent  to  o.i  N.  It 
would  require  200  cc.  of  the  0.05  N  Ba(0H)2  solution  to  neutralize  the 
HCl  present  in  the  100  cc.  portions  titrated.  In  addition  to  this  it  wodd 
take  about  2.5  cc.  0.05  N  Ba(0H)2  to  neutralize  the  substances  in  the  flour 
extract.  The  figures  show  that  it  required  only  196  cc.  Ba(OH)2.  This 
means  that  the  equivalent  of  6.5  cc.  0.05  N  HCl  was  absorbed  or  neutralized 
by  the  substances  in  the  flour  extract.  The  HCl  at  this  concentration 
completely  Inhibits  protein  cleavage. 

TabivE  X. — ^Efpbct  op  Adding  HCi  Equivalbnt  to  a  Concbntration  of  o.i  N, 

lit  stage.  2ad  stage.  Milligraiiis 

Time.  Cc.  0.05  N  Ba(OH)t.     Cc.  0.05  N  Ba(OH)t.  N  in  a^no  fonn. 

blank  196.0  3.3  2.3 

1  week  196.0  2.0  1.4 

2  weeks  196.0  2.0  -                 1.4 

3  weeks  196.0  2.0  1.4 

Effect  of  Adding  Organic  Substances. 
Trial  XI, — ^To  determine  the  effect  of  adding  to  the  flour  extract  1.25 
grams  of  desiccated  egg  albumen  for  each  10  g.  of  flour  extracted. 

Table  XI. — ^Effbct  op  Adding  Egg  Albumbn. 

lit  stage.  2nd  stage.  Milligrams 

Time.  Cc.  0.05  N  Ba(OH)t.     Cc.  0.05  N  Ba(OH)fl.  N  in  anJno  form. 

blank  3.0  10.2  7.14 

1  week  2.9  10.7  7.49 

2  weeks  2.9  11. 4  7.98 

3  weeks  2.9  11. 7  8.19 

The  egg  albumen  has  no  effect  on  the  amotmt  of  titrable  material  obtained 
in  the  first  stage.  The  amount  of  titrable  nitrogen  obtained  in  the  second 
stage  shows  a  small  increase  in  protein  cleavage,  but  this  is  not  as  great 
as  would  be  obtained  were  egg  albumen  not  present.  The  amount  of 
titrable  nitrogen  obtained  in  the  blank  shows  that  the  protein  in  the 
desiccated  egg  albumen  has  a  large  amount  of  nitrogen  in  the  amino  form. 
Trial  XII, — ^To  determine  the  effect  of  digesting  desiccated  egg  albumen 
in  water,  adding  the  egg  albumen  at  the  rate  of  1.25  g.  for  every  100  cc. 
Egg  albumen  mixed  with  water  has  a  slightly  add  reaction,  as  shown 
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TaBLB  XII. — DIGBSTING  AlBTTMSN  IN  WaT«R. 

» form. 


Time. 

Cc. 

0.05  N  Ba(OH)t. 

Cc. 

0.05  N  Ba(OH)t.  N  in  amino 

blatilr 

1.6 

10.6                          7.42 

I  week 

1-5 

8.9                          6.23 

2  weeks 

1.7 

II. 2                            7.84 

3  weeks 

1.9 

10.9                            7.63 

4  weeks 

2.1 

ii.o                     7.70 

by  the  figures  obtained  in  the  first  stage  titration.  This  acidity  apparently 
increases  during  the  progress  of  digestion.  The  amount  of  titrable  ma- 
terial obtained  in  the  second  stage  does  not  show  any  regular  increase  or 
decrease. 

Trial  Xni. — ^To  determine  the  effect  of  adding  to  the  flour  extract 
1.25  g.  of  desiccated  egg  albumen  for  each  10  g.  of  flour  extracted,  and 
digesting  at  40*^.  The  amount  of  titrable  material  obtained  in^the  first 
stage  was  greater  than  when  the  digestion  was  conducted  at  the  lower 
temperature.  It  shows  no  marked  increase  beyond  the  first  week.  The 
amount  of  titrable  nitrogen  obtained  in  the  second  stage  is  more  than 
doubled  in  the  five  weeks.  This  trial,  in  connection  with  Trial  XI,  shows 
that  40°  is  a  much  more  favorable  temperature  for  protein  cleavage 
than  room  temperature.  If  the  figures  in  Table  XIII  are  compared  with 
those  in  Table  III,  it  will  be  observed  that  the  protein  cleavage  goes  on 
at  a  much  greater  rate  when  protein  from  egg  albumen  is  present  in  the 
•extract.  This  may  be  due  in  part,  at  least,  to  the  greater  concentration 
•of  the  protein. 

Tabls  XIII. — ^Efpbct  op  Adding  Egg  Albumbn  and  Digesting  at  40"*. 


Time. 

l8t  stase. 
Cc.  0.05  N  Ba(OH)t. 

2nd  stage. 
Cc.  0.05  N  BaCOIDt. 

MnU  srams. 
N  in  amino  form. 

blank 

4.9 

10.3 

7.21 

I  week 

5.6 

14.6 

10.21 

2  weeks 

5.5 

16. 1 

11.27 

3  weeks 

5.2 

19.2 

13.44 

4  weeks 

5.0 

21.9 

15.33 

5  weeks 

5.4 

23.8 

16.66 

Trial  XIV. — ^To  determine  the  effect  of  digesting  desiccated  egg  albumen 
in  water  at  40®,  adding  the  egg  albumen  at  the  rate  of  1.25  g.  for  each 
100  cc.  The  amount  of  titrable  material  obtained  in  the  first  stage  is 
less  than  when  the  digestion  was  conducted  at  room  temperature. 

Table  XIV. — Digesting  Ego  Albumen  in  Water  at  40®. 


Time. 

i8t  itage. 

Cc.  0.05  N  Ba(OH)i. 

2nd  stage. 
Cc.  0.05  N  Ba(OH)t. 

MUli^ams 
N  in  ammo  form. 

blank 

1.30 

9.40 

6.58 

I  week 

1.30 

9.40 

6.58 

2  weeks 

1.50 

9.50 

6.65 

3  weeks 

1.30 

9.80 

6.86 
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There  is  no  increase  as  the  time  of  digestion  is  increased.  The  amount 
of  titrable  nitrogen  obtained  in  the  second  stage  is  somewhat  less  than  when 
the  digestion  was  conducted  at  room  temperature,  and  there  is  no  increase. 
Trial  XV. — ^To  determine  the  effect  of  adding  to  flour  extract  1.25  g. 
of  casein  for  each  10  g.  of  flour  extracted,  and  digesting  at  40**.  A  weigh«i 
amount  of  buttermitt:  casein  was  dissolved  in  the  minimum  amount  of 
NaOH  solution.  This  made  a  neutral  solution  of  sodium  caseinate. 
After  filtering  it  was  added  to  flour  in  such  proportions  that  each  100  cc. 
contained  1.25  g.  of  casein.  The  titrable  material  obtained  in  the  fiist 
stage  is  almost  the  same  as  when  the  flour  extract  was  titrated,  showing 
that  the  sodium  caseinate  was  neutral.  The  acidity  increases  slowly 
but  regularly.  The  amount  of  titrable  nitrogen  obtained  in  the  blank 
for  the  second  stage  shows  that  casein  has  a  larger  amoimt  of  nitrogen 
in  the  free  amino  group  than  has  the  egg  albumen.    The « amount  of 


TabIvB  XV. — EFP9CT  OP  Adding  Casein  and  Digbsting  at  40 

lit  lUge.  2nd  itagc.  MiUi 

Time.  Cc.  0.05  N  Ba(OH)t.     Cc.  0.05  N  Ba(OH)t.     N  in  am 

blank  3.7  13.4  9.38 


I  week 

5.1 

13.7 

9.59 

2  weeks 

5.8 

14.9 

10.43 

3  weeks 

6.9 

16.6 

11.62 

4  weeks 

7.1 

16.9 

11.83 

increase  in  the  titrable  nitrogen  as  the  digestion  progresses  is  no  m(H% 
than  was  obtained  with  the  flour  extract  alone  in  Trial  III,  showing  that 
the  presence  of  protein  from  the  casein  does  not  cause  a  more  rapid  rate 
of  protein  cleavage,  as  was  the  case  when  the  protein  from  egg  albumen  was 
present. 

A  fair  question  is :  Are  the  observed  changes  due  to  proteolytic  enzymes, 
or  are  they  simply  the  result  of  hydrolytic  action  of  water,  or  are  they  due 
to  bacterial  action?  We  believe  that  we  have  eliminated  bacterial  action, 
because  in  preUminary  trials  we  compared  the  use  of  diflferent  amounts  of 
toluene  with  results  essentially  the  same.  We  judged  the  amount  to  be 
used  by  the  technique  followed  by  American  and  European  workers. 
We  believe  that  the  changes  observed  are  due  to  proteolytic  enz3anes 
and  not  to  the  hydrolytic  action  of  water  alone,  because  the  observed 
changes  were  according  to  the  generally  observed  behavior  of  enzymes  in 
respect  to  activators,  inhibitors,  and  action  on  other  proteins,  such  as  egg 
albumen. 

Summary. 

This  paper  presents  the  results  of  a  study  on  certain  conditions  which 
affect  the  activity  of  proteolytic  enzymes  in  wheat  flour.  It  describes 
the  use  of  the  formal  titration  in  determining  the  amount  of  nitrogen  in 
the  amino  form  present  in  flotu",  and  also  its  use  as  a  means  of  measuring 
protein  cleavage  due  to  proteolytic  enzymes  present  in  the  flour.     Of  the 
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various  salts  tried,  NH4CI  and  CaCfe  had  the  greatest  accelerating  effect 
on  the  rate  of  protein  cleavage.  The  proteolytic  enz3rmes  present  in  wheat 
flour  caused  a  more  rapid  hydrolysis  of  the  proteins  when  desiccated  egg 
albumen  was  present,  but  not  when  casein  was  used. 

Makbattam.  Kaitoas. 


(Contribution  from  thb  Organic  Laboratory,  Columbia  UNivSRsmr  and  thb 
Harriman  Rbssarcb  Laboratory  No.  363.] 

ADSORPTION  OF  INVERTASE. 

By  J.  M.  NsLaoN  and  Bdwakd  G.  Guvvm. 
Receiyed  Mordi  11.  1916. 

Hedin  and  his  collaborators,  Jahnson-Blohm,  and  Eriksson,^  found 
.  that  the  presence  of  certain  substances  like  serum,  egg  albumin,  saponin, 
cholestrin,  and  in  some  cases  the  substrate  itself,  lessened  the  inhibition 
of  the  activity  of  enzymes  like  rennet,  tr3rpsin  and  invertase.  brbught 
about  by  the  presence  of  solid  powders  (charcoal),  or  substances  soluble 
in  water  as  coUoids  (serum  and  egg  albtimin).  They  considered  this  inhi- 
bition as  due  to  the  adsorption  and  removal  of  the  enzyme  from  the  sphere 
of  action  by  the  charcoal  or  serum.  When,  however,  certain  substances 
capable  of  being  adsorbed  by  the  inhibitor  are  present  or  added  to  the 
reaction  mixture,  they  can  replace  part  or  all  of  the  enz)mie  in  the  enzyme- 
adsorbent,  and  the  liberated  enzyme  becoming  active  again,  decreases  the 
amount  of  inhibition. 

It  has  been  shown  in  a  previous  paper^  that,  although  charcoal  does 
adsorb  invertase  (and  possibly  serum  and  egg  albumin  do  likewise),  the 
apparent  inhibiting  effect  is  not  due  to  this,  but  to  a  change  in  the  hydrogen 
ion  concentration  of  the  reaction  mixture  produced  by  the  charcoal,  etc. 
In  the  light  of  these  results,  the  explanation  given  by  Hedin  for  the  de- 
crease in  inhibition  is  untenable  in  the  case  of  invertase  at  least,  since  the 
activity  is  independent  of  whether  the  invertase  is  adsorbed  or  not.  This 
is  further  substantiated  by  the  results  indicated  below,  where  the  addition 
of  a  second  substance  such  as  saponin,  serum  or  egg  albumin  to  the  enzyme- 
inhibitor  mixture  does  affect  the  amount  of  invertase  adsorbed  by  an 
inhibitor  like  charcoal  or  altmiinium  hydroxide.  In  no  case  is  there  any 
noticeable  change  in  the  activity  as  long  as  the  hydrogen  ion  concentration 
is  kept  constant  by  means  of  suitable  buffers. 

Since  very  little  experimental  data  were  given  in  the  previous  paper 
concerning  the  activity  of  invertase  while  adsorbed  by  charcoal  and 
gelatinous  aluminium  hydroxide,  and  since  the  results  have  an  important 
bearing  on  the  chemistry  of  enzyme  action  in  general,  as  can  be  seen  from 
the  statements  based  on  Hedin's  conclusions,  occurring  in  many  text- 
1  Z.  Physiol.  Chem.,  72,  324  (1911);  82,  175,  178  (1912). 
*  This  Journal,  38,  722  (1916). 
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books,  ^  it  was  deemed  advisable  to  include  in  this  paper  a  description  of 
the  following  experiments: 

Solutions  A,  B,  C  and  D  contained  loo  cc.  of  a  io%  cane  sugar  solution, 
lo  cc.  of  an  invertase  solution,  and  20  cc.  of  a  buffer  solution  which  would 
give  the  desired  hydrogen  ion  concentration,  and  0.3  g.  of  finely  powdered 
animal  charcoal. 

In  the  case  of  E,  0.6  g.  of  the  charcoal,  40  cc.  of  buffer  and  20  cc  of 
invertase  solution  were  allowed  to  stand  for  one  hour  after  first  being 
thoroughly  mixed,  then  filtered  and  30  cc.  of  the  filtrate  added  to  the 
100  cc.  of  the  cane  sugar  solution. 

Solution  F  was  made  up  similarly  to  A  except  that  no  charcoal  was 
used,  and  served  as  a  control. 

B,  C  and  D  were  filtered  after  the  inversion  had  progressed  for  certain 
lengths  of  time,  and  the  amount  of  inversion  in  the  filtrate  compared  with 
that  of  the  unfiltered  solution  A,  as  weU  as  with  that  of  the  control  F. 

Solutions  G,  H  and  I  and  J  were  similar  to  A,  B,  C  and  D,  except  that 
instead  of  the  charcoal  and  buffer,  20  cc.  of  a  suspension  of  gelatinous 
aluminium  hydroxide,  equivalent  to  0.12  g.  of  aluminium  oxide,  were 
used. 

Tabls  I. 

,  Cluuiffe  in  degreef  of  rotetkm  after 

-r.  ^  * 

Solution.  ^n  18  lumrt.      24  lioun.       42  liottn.        48  boiin. 

A 5-3  415  540  8.21  8.70 

B 5.3  402»  4.34  4.95  5.20 

C 5.3  5.36»  5.86  6.04 

D 5-3  8.17*  8.28 

E 5-3  0.40  0.58  1.03  1.20 

F 5.3  4.14  5.42  8.27  8.77 

G 4.95  4.74  6.08  8.87  9-49 

H 4.95  482*  4.82  4.85  4.87 

1 4.95  6.07'  6.09  6.10 

J 4.95  8.95'  8.97 

K 4.95  o.oi  0.02  0.05             0.06 

L 5.0  4.80  6.13  8.99            9.63 

13  hourt.  38  boun.        64  hoar*.        88  hoat%, 

M 7.5  0-22  0.48  0.56 

N 7.5  023*  0.22  0.25 

0 7-5  0.45*  0.44             0.48 

P... 7-5  0.52*  0.52 

Q 7.5  0.01  O.OI  0.01 

R 7.5  0.24  0.47  0.60 

^  "General  Chemistry  of  the  Enzymes,"  Euler,  Wiley  &  Sons,  zgza,  p.  77,  81  and 
82.  "The  Nature  of  Enzyme  Action,"  Bayliss,  2nd  ed.,  p.  105.  "Die  Fennente 
und  ihre  .Wirktmgen,"  Oppenheimer,  Leipzig,  1913,  p.  79.  "Physikaliscfae 
der  Zelle  und  Gewebe,"  H6ber,  4th  ed.,  p.  738,  and  others. 

*  Indicates  the  time  when  the  adsorbent  was  removed  by  filtration. 
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Solution  K  corresponded  to  E,  except  that  30  cc.  of  a  filtrate  froma/ 
mixture  of  40  cc.  aluminium  hydroxide  and  20  cc.  of  invertase  solution 
was  used  in  place  of  the  filtrate  described  tmder  B. 

Solution  L  served  as  a  control  for  G,  H,  I  and  J  and  differed  from  them 
in  that  it  contained  20  cc.  of  a  buffer  solution  (sodium  citrate  and  hydro- 
chloric add),  instead  of  the  aluminium  hydroxide. 

Solutions  M,  N,  O,  P,  Q  and  R  only  differed  from  solutions  G,  H,  I,  J,  K 
and  L  in  having  a  lower  hydrogen  ion  concentration,  p^  ^  7.5  instead  of 
4.9.  The  change  in  hydrogen  ion  concentration  was  brought  about  by 
adding  10  cc.  of  o.i  M  hydrochloric  add  to  150  cc.  of  the  aluminium 
hydroxide  suspension  used  for  Solutions  G,  H,  I  and  J. 

On  comparing  the  values  from  A,  G  and  M  with  those  from  the  respec- 
tive controls,  F,  L  and  R,  containing  no  adsorbent  E,  it  is  apparent  that 
the  presence  of  the  latter  is  without  effect  on  the  rate  of  inversion.  The 
values  for  G  and  M  show  that  the  same  holds  for  solutions  containing 
different  hydrogen  ion  concentrations.  Values  for  B,  C,  D,  H,  I,  J,  N,  O 
and  P  show  that  the  enzyme  is  practically  removed  (espedally  when 
aluminium  hydroxide  was  used),  by  filtering  off  the  adsorbent,  since  the 
filtrates  show  no  appredable  additional  change  in  rotation. 

Since  the  charcoal  and  aluminium  hydroxide  carrying  the  invertase 
settled  to  the  bottom  of  the  bottle  in  which  the  inversion  was  taking  place, 
it  became  evident  that  it  made  no  difference  whether  the  enzyme  was 
uniformly  distributed  throughout  the  solution  or  not.  This  behavior 
agrees  with  the  opinion  held  by  many  that  enzymes  are  colloids,  and  that 
the  action  between  the  invertase  and  cane  sugar  solution  depends  on  the 
contact  of  the  cane  sugar  solution  with  the  insoluble  enzyme,  either  in 
suspension  or  adsorbed  to  the  charcoal  or  aluminium  hydroxide.  Tlje 
simplest  way  to  account  for  the  uniformity  in  activity  when  the  enzyme 
occurs  in  the  bottom  of  the  bottle  in  an  adsorbed  state  as  when  uniformly 
suspended  throughout  the  entire  system,  is  that  the  inversion  depends 
on  an  interaction  between  two  distinct  phases,  where  the  amount  of  sur- 
face of  contact  between  the  enzyme  phase  and  cane  sugar  phase  remains 
constant.  Why  the  extent  of  the  enzyme  phase  exposed  to  the  cane 
sugar  phase  should  appear  to  be  the  same  in  the  adsorbed  condition  as 
when  it  Is  imiformly  distributed  throughout  the  solution,  is  at  present 
hard  to  say.  If  the  idea  of  the  amount  of  surface  contact  between  the 
two  phases  is  correct,  then  the  siu^ace  area  of  the  invertase  particles 
must  be  constant  under  the  same  hydrogen  ion  concentrations,  since 
so  many  workers  have  found  a  definite  ratio  to  exist  between  the  amount 
of  invertase  used  and  the  rate  of  inversion.  This  also  brings  up  the  question 
whether  the  concentration  of  the  hydrogen  ion  is  the  same  on  the  stuiace 
of  the  charcoal  as  it  is  in  the  solution.  Another  question  which  suggests 
itself  is:  Is  the  size  of  the  enzyme  partides  dependent  on  the  hydrogen  ion 
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concentration  of  the  cane  sugar  solution  in  which  the  inversion  is  taking 
place?  To  the  latter  question  Bayliss^  has  ventured  the  answer  that  it 
does.  In  this  communication  BayHss  also  points  out  an  argument  for 
the  view  that  exizymes  are  of  colloidal  nature,  since  there  are  cases  where 
the  enzymes  have  been  insoluble  in  the  solution  of  the  substrate  and  still 
were  active.    This  is  in  agreement  with  the  results  described  above. 

The  following  series  of  experiments  were  tmdertaken  to  study  whether 
substances  like  saponin  and  egg  albumin  might  have  any  influence  on  the 
activity  of  invertase  in  the  presence  of  an  adsorbent  such  as  charcoal 
or  egg  albumin,  as  claimed  by  Hedin  and  his  co-workers. 

For  this  pinpose  the  following  solutions  were  prepared:  Solutions  I 
and  II  consisted  of  70  cc.  of  water,  i  g.  of  finely  powdered  animal  charcoal, 
20  cc.  of  a  buffer  solution,  and  10  cc.  of  invertase.  Solution  III.  This 
solution  was  similar  to  I  and  II,  except  it  contained  45  cc.  of  water  instead 
of  70. 

One  gram  of  saponin  was  added  to  II,  and  25  cc.  of  a  20%  egg  albumin 
solution  (in  which  p^  =  5.1),  to  III.  Each  of  these  solutions,  II  and  III, 
were  then  divided  into  three  separate  portions  and  marked  I  A,  IB,  IC, 
IIA,  IIB,  lie,  IIIA,  IIIB,  and  IIIC.  All  of  the  B  mixtures  were  filtered 
and  20  cc.  of  the  filtrate  added  to  80  cc.  of  a  10%  cane  sugar  solution. 
All  of  the  A  mixtures  were  centrifuged  instead  of  filtered,  in  order  to  show 
that  the  process  of  filtering  had  no  influence  on  the  activity  of  the  in- 
vertase, and  20  cc.  of  the  supernatant  liquid  added  to  80  cc.  of  10%  cane 
sugar  solution.  In  the  case  of  all  the  C  mixtures,  20  cc.  of  the  original 
was  added  directly  to  the  80  cc.  of  10%  cane  sugar  solution. 

Tabl9  II. 

Solutions.  lA.         IB.         IC.        IIA.       HB.       IIC.       IHA.      IIIB.     mC. 

Pi 6.6       6.6       6.7       6.4      6.4      6.5       6.0      6.0       6.1 

Change  in  rotation  after 

20 hours 0.02*  o.oi*  0.75**  0.86'  0.88*'  0.82*  1.22*  i.2o'  i.i6' 

After  48  hours 0.01*  0.00*  1.59*  1.77'  i.82'  1.67*  a.is"  3. 13**  3.oo' 

The  values  obtained  from  solutions  lA  and  IB,  when  compared  with 
those  from  IC,  show  that  on  filtering  or  centrifuging  off  the  charcoal, 
when  no  saponin  or  egg  albumin  was  present,  the  invertase  was  also 
removed.  The  values  from  IIA,  IIB,  IIIA  and  IIIB  show  that  the  pres- 
ence of  both  the  saponin  and  egg  albumin  prevented  the  charcoal  from 
removing  the  invertase,  and  in  this  respect  the  results  agree  with  the  daims 
of  Hedin  and  Jahnson-Blohm.  A  comparison  of  the  values  from  IIA  and 
IIB  with  those  from  IIC,  and  the  values  from  IIIA  and  IIIB  with  those 
from  IIIC,  shows  that,  even  when  the  saponin  prevents  the  adsorption 
of  the  invertase  by  the  charcoal,  no  effect  is  noticeable  on  the  activity. 
This  behavior  of  the  saponin  and  egg  albumin  indicates  that  they  act  as 
'  Science,  42,  513  (1915). 
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protective  colloids  towards  the  invertase,  and  according  to  the  present 
theories  concerning  protective  colloids,  the  invertase  is  therefore  adsorbed 
to  the  saponin  and  tgg  albumin  as  well,  which  is  contrary  to  the  views  of 
Hedin  and  co-workers.  Therefore  it  seems  that  the  invertase  adsorbed 
to  colloids  like  saponin  and  egg  albumin  behaves  in  a  manner  similar 
to  that  adsorbed  to  charcoal,  and  in  each  case  the  activity  is  not  affected: 
It  furthermore  indicates  that  the  adsorption  of  invertase  to  charcoal  is 
influenced  by  these  protective  colloids  in  a  way  similar  to  the  coagulation 
of  metal  sols,  etc.  If  this  is  so,  and  if  activity  is  dependent  on  the  amount 
of  surface  of  the  enzyme  particles,  we  might  then  have  an  additional 
property  to  aid  us  in  the  study  of  the  relationship  existing  between  the 
adsorbent  and  the  substance  adsorbed  in  the  adsorption  combination. 

Since  all  preparations  of  invertase  whose  composition  have  been  exam- 
ined always  contained  a  polysaccharide  and  probably  a  protein^  both 
of  which  substances  would  very  likely  act  as  protective  colloids,  the 
possibility  suggests  itself,  that  the  true  invertase  principle  might  be  somer 
thing  adsorbed  to  this  material.  For  this  reason,  some  gelatinous  alu- 
minium hydroxide,  free  from  nitrogen,  was  added  to  an  invertase  solution 
whose  nitrogen  content  was  known.  The  aluminitnn  hydroxide  was  sub- 
sequently filtered  off,  and  the  amoimt  of  nitrogen  in  the  filtrate  again 
determined,  as  well  as  the  activity  of  the  aluminium  hydroxide,  containing 
the  adsorbed  invertase,  and  the  amount  of  nitrogen  it  carried  with  it. 
It  was  thought  that  it  might  be  possible  that  only  the  active  principle 
might  be  adsorbed  to  the  aluminium  hydroxide,  and  if  it  were  nitrogen 
free,  this  fact  would  be  revealed.  The  aliuninium  hydroxide  however 
did  carry  with  it  some  nitrogenous  material  and  therefore  no  definite 
conclusions  could  be  drawn. 

Jahnson-Blohm^  claimed  that  the  addition  of  saponin  or  egg  albumin 
as  the  second  colloid  to  a  mixttue  of  rennet  or  trypsin  and  their  respective 
substrates  containing  serum  or  egg  albumin,  also  affected  the  activity 
of  the  enzymes  just  as  when  charcoal  was  used  as  the  adsorbent. 

In  order  to  see  whether  any  effect  of  this  kind  occurred  vfhen  an  invertase 
cane  sugar  solution,  containing  serum  or  egg  albumin,  was  treated  with 
saponin  or  egg  albumin  as  the  second  colloid,  the  following  experiments 
were  undertaken.  The  results  obtained  again  show  that  in  the  case  of 
invertase,  there  is  no  such  effect  on  the  activity  produced  by  this  addition 
of  a  second  colloid. 

The  solutions  used  in  these  experiments  were : 

A.    Ten  cc.  of  invertase  solution,  5  cc.  of  a  25%  serum  solution,  in  which 
the  serum  had  been  neutralized  previously  with  o.i  molar  hydrochloric 
acid  to  />H  =  6.8,  were  mixed  and  allowed  to  stand  for  some  time,  and 
then  added  to  5  cc.  of  water  and  50  cc.  of  a  20%  cane  sugar  solution. 
^  Loc.  cit. 
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B  and  C  differed  from  A  in  having  5  cc.  of  1%  saponin  solution  and  5  cc. 
of  a  20%  egg  albumin  solution,  respectively,  in  place  of  the  5  cc.  of 
water  in  A.  D,  E  and  F  were  controls  for  A,  B,  and  C,  respectively, 
and  contained  10  cc.  of  buffer  solution  in  place  of  the  5  cc.  of  serum  and 
5  cc.  of  water  in  A,  in  order  to  give  them  the  same  hydrogen  ion  concen- 
tration. 

Tabi^  III. 

Solutions.  A.  D.  B.  £.  C.  P. 

^H 7.1        7.1        70        7.0        6.4       6.4 

Change  in  rotation  after  18  hours 2.02®  2.04®  2.12®  2.15®  2-77*  2.75* 

In  these  solutions  serum  was  used  as  the  first  colloid  or  adsorbent. 
The  value  obtained  from  A,  where  the  second  colloid  was  absent,  agrees 
with  its  control,  D,  containing  no  senun.  The  values  of  B  and  C,  which 
contained  both  the  first  colloid  or  adsorbent  (serum),  and  the  second 
colloid  (saponin  and  egg  albumin,  respectively),  also  are  the  same  as  those 
of  the  controls  E  and  F,  which  contain  no  saponin,  egg  albumin  nor  serum. 
It  is  therefore  evident  that  the  presence  of  one  or  more  colloids  does  not 
affect  the  activity  of  invertase. 

Similar  results  were*  obtained  when  the  order  in  which  these  three  sub- 
stances, serum,  egg  albumin  and  saponin  were  mixed,  was  interchanged. 
Thus  when  invertase  and  egg  albumin  were  permitted  to  stand  for  some 
time  and  then  saponin  or  serum  added,  no  difference  in  the  activity  of  the 
enzyme  was  noticed.  ' 

Eriksson^  found  that  the  inhibition  became  less  as  the  length  of  time 
before  filtering  increased  when  the  cane  sugar  solution  was  added  to  a 
mixture  of  charcoal  and  invertase  in  water,  which  had  stood  for  some  time 
to  allow  the  charcoal  to  adsorb  the  enzyme,  and  then  filtering  off  the  char- 
coal after  different  lengths  of  time  after  the  substrate  had  been  added. 
This  he  considered  due  to  the  cane  sugar  gradually  liberating  the  invertase 
adsorbed  to  the  charcoal  and  again  becoming  active. 

Explained  in  the  light  of  the  results  indicated  in  this  and  previous 
papers,*  the  filtering  off  of  the  charcoal  would  carry  with  it  some  of  the 
invertase,  and  the  longer  this  invertase  adsorbed  to  the  charcoal  was 
permitted  to  be  in  contact  with  the  sugar  solution,  the  greater  would  be 
the  amount  of  inversion  taking  place,  and  therefore  there  is  no  indication 
whatever  that  the  cane  sugar  liberates  the  invertase  from  the  charcoal- 
invertase  combination. 

For  a  description  of  the  methods  employed  in  making  the  above  mea- 
surements, etc.,  see  Experimental  Part  in  previous  paper.' 

>  Lac.  tit. 

^  This  Journal,  38,  722  (1916). 

*  Ihid.,  38,  722  (1916). 
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Summary. 

1 .  It  has  been  shown,  in  a  new  way,  that  invertase  is  colloidal  in  nature, 
and  the  reaction  between  the  enzyme  and  cane  sugar  solution  depends  on 
the  contact  of  two  phases. 

2.  The  activity  of  invertase  (the  product  obtained  from  yeast  and  called 
invertase),  is  not  affected  whether  or  not  the  enz3rme  is  adsorbed  to  a 
solid  like  charcoal,  or  to  a  colloid  like  saponin,  serum,  or  egg  albumin, 
distributed  uniformly  throughout  the  solution  of  the  substrate. 

3.  Displacing  the  adsorbed  invertase  by  a  second  colloid  is  without 
effect  on  the  activity,  contrary  to  the  views  held  by  many. 

4.  Invertase  can  be  removed  from  an  aqueous  solution  by  adsorption 
to  a  solid,  and  again  brought  into  solution  by  a  second  colloid  suspended 
uniformly  throughout  the  solution. 

5.  Eriksson's  proof  that  cane  sugar  can  liberate  invertase  adsorbed  to 
charcoal  is  not  valid. 

Nbw  York,  N.  Y. 


(From  thb  Laboratory  op  thb  Northwkstbrk  UmvBRsrry  Mbdical  School  and 
THB  Rbsbarch  Laboratory  op  Armour  and  Company.] 

ON  THE  REACTION  OF  THE  PANCREAS  AND  OTHER  ORGANS. 

[second  paper.] 

By  J.  H.  Long  and  P.  Psnoss. 
Received  March  27,  1916. 

In  a  recent  paper^  we  showed  that  the  "press  juice*'  obtained  from  the 
pancreas  of  the  hog,  sheep  and  beef  by  centrifugal  separation,  is  charac- 
teristically add,  the  degree  of  acidity  being  nearly  constant.  This  un- 
expected result  suggested  the  importance  of  further  experimentation, 
as  it  has  usually  been  assumed  that  the  reaction  of  the  fluids  of  the  body 
is  not  far  from  that  of  the  serum.  But  this  assumption  leaves  out  of  con- 
sideration the  fact  that  the  external  secretion  of  the  pancreas  is  rather 
markedly  alkaline.  A  compensating  acidity  should  then  be  expected 
somewhere,  and  most  naturally  within  the  organ. 

In  our  view  the  reaction  might  be  due,  in  part  at  least,  to  the  presence 
of  acid  phosphates  in  the  juice,  or  possibly  to  acid  organic  compounds 
of  phosphoric  acid,  since  the  acid  is  abundantly  present.  In  the  discus- 
sion following  the  presentation  of  the  paper  at  the  Seattle  meeting,  Sept. 
I,  1915,  the  suggestion  was  made  by  several  colleagues  that  the  acidity 
might  be  due  to  ferment  action  through  the  lipase  present.  This  and 
other  points  had  already  been  considered  by  us,  but  in  view  of  the  im- 
portance of  the  phenomenon  we  have  thought  it  desirable  to  present 
further  evidence  bearing  on  the  question,  this  evidence  being  in  the  form 
of  data  collected  since  the  first  paper  was  published. 
1  This  Journal,  37»  2213  (1915). 
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It  was  pointed  out  in  that  paper  that  the  organs  taken  immediately 
from  the  animal  after  death  exhibit  an  add  reaction  with  litmus.  This 
was  followed  up  in  various  ways.  In  the  month  of  September  the  test 
was  made  on  the  organs  of  160  sheep,  200  cattle  and  120  hogs  by  one  of 
us  and  assistants,  the  organs  being  cut  open  and  tested  while  still  warm. 
This  of  course  precluded  the  possibility  of  acid  formation  through  fer- 
ment action.  An  acid  behavior  was  always  found.  The  same  fact  may 
be  shown  in  a  very  convincing  form  in  this  manner.  A  mixture  of  from 
20  to  50  g.  of  the  minced  organ  and  some  sodium  bicarbonate  is  stirred 
up  in  the  bottom  of  a  beaker.  Soon  the  mass  begins  to  rise  and  may 
even  flow  over  the  top  of  the  vessel,  from  the  hberation  of  carbon  dioxide. 
Certain  proteins,  it  must  be  remembered,  show  the  same  behavior;  casein 
for  example.    These  proteins  are  add  in  character. 

It  was  evident  from  these  and  other  observations  that  the  add  reac- 
tion is  present  in  the  fresh  organs  and  is  not  a  consequence  of  bacterial 
decomposition,  which  might  follow  if  the  organs  were  allowed  to  stand 
some  time  before  the  tests  were  completed. 

Since  the  tests  recorded  in  the  earlier  paper  were  made  on  the  juice 
of  animals  killed  during  the  summer,  mostly  in  July,  it  was  thought  wise 
to  collect  organs  during  the  fall  and  early  winter  months  for  comparison. 
The  results  obtained  tmder  these  conditions  are  given  below.  In  the  first 
of  the  observations  the  same  Hasselbalch  cells  and  platinized  dectrodes 
were  used  that  were  employed  before.  Experiments  were  frequently 
made  with  phosphate  solutions  of  known  hydrogen  ion  concentration  for 
control.  Then  new  electrodes  with  fresh  deposits  were  substituted, 
tested  by  phosphate  and  other  control  solutions  and  used  in  the  later 
work.  In  some  of  the  observations  toward  the  end  of  the  series  the  cdl 
recently  described  by  one  of  us^  was  employed.  The  results  obtained 
with  it  were  always  in  dose  agreement  with  those  from  the  first  named 
cdl.  The  data  for  the  different  pancreases  tested  will  now  be  given* 
and  in  each  case  with  date  and  number: 

No.  123,  Sept.  27.  Beef  pancreas.  Organs  placed  in  refrigerator  immediatdy 
after  removal  from  animal.  Temperature  0°.  Minced  next  morning  and  the  juice 
separated  by  the  centrifuge  at  once.    Marked  reddish  color. 

No.  124,  Sept.  27.     Hog  pancreas.     Condition  the  same  as  for  No.  123. 

No.  125,  Sept.  29.  Beef  pancreas.  Organs  brought  to  laboratory  and  juice 
separated  without  delay. 

No.  126,  Sept.  29.    Sheep  pancreas.    Conditions  as  in  No.  125. 

No.  127,  Sept.  30.    Sheep  pancreas.     Immediate  separation  of  juice. 

No.  128,  Sept.  30.    Hog  pancreas.     Immediate  separation  of  juice. 

No.  129,  Oct.  I.  Sheep  pancreas.  The  fat  was  thoroughly  trimmed  off  and  the 
organs  thrown  into  boiling  water.  After  boiling  15  minutes  the  glands  were  minced 
and  centrifuged.  It  was  fotmd  necessary  to  add  a  little  water  to  aid  in  the  sepaiatkm. 
The  reaction  of  the  liquid  now  obtained  was  found  to  be  slightly  add  to  litmus*  moie 

1  Tms  Journal,  38,  936  (19 16). 


Digitized  by  VjOOQIC 


REACTION  OF  THE  PANCREAS  AND  OTHER  ORGANS.   H.     III7 

add  than  6  sec.  phosphate  plus  4  prim,  phosphate.  The  juice  included  some  of  the 
added  water,  and  probably  held  more  or  less  of  the  /3-proteid  of  Hammarsten,  to  be 
discussed  later. 

No.  130,  Oct.  I.     Hog  pancreas.     Conditions  as  for  No.  129. 

No.  131,  Oct.  6.  Hog  pancreas.  The  fresh  juice  was  tested  in  parallel  with  a 
borate  solution  as  control,  with  all  conditions  identical. 

After  making  the  observations  on  the  liquids  described  above  the 
platinum  electrodes  were  cleaned  and  recoated.  Before  doing  this,  how- 
ever, the  potential  .values  were  found  in  a  standard  phosphate  mixttu-e 
as  a  control.  This  mixture  was  composed  of  equal  volumes  of  molar/ 
15th  primary  and  secondary  phosphates,  as  suggested  by  Soerensen. 
For  the  two  cells  we  fotmd  v  =  0.7357  and  0.7339,  at  21°,  or  Ph  =  6.813 
and  6 .  783.  After  recoating  we  found  the  cells  tmiform  with  Ph  =  6 .  784, 
which  is  a  very  satisfactory  situation.  More  pancreas  examinations 
were  then  made: 

No.  141,  Dec.  21.  Hog  pancreas.  A  large  number  of  glands  were  minced  and  a 
mixttu^  of  juices  from  fotu*  centrifuge  tubes  taken  for  tests. 

No.  143,  Dec.  21.  Hog  pancreas.  Juice  obtained  from  another  large  lot  of 
Inlands  to  secure  averages.  The  liquids  were  separated  in  the  forenoon  and  delivered 
for  the  potential  determinations  before  1.30  p.m. 

The  potential  determinations  on  all  these  centrifugal  juices  are  given 
below.  It  will  be  seen  that  they  are  fairly  constant  and  agree  pretty 
closely  with  the  results  of  our  former  paper.  It  is  believed  that  we  have 
enough  individual  tests  to  properly  cover  the  seasonal  and  other  varia- 
tions.   The  numerical  values  are  given  in  Table  I. 

Table  I. 


No. 

Animal. 

Potentiid. 

Ph. 

Ch. 

123 

Beef 

0.6691 

5.691 

20.3  X  10-^ 

124 

Hog 

0.6690 

5.689 

20.5 

125 

Beef 

0.6710 

5.705 

19.7 

126 

Sheep 

0.6709 

5.704 

19.8 

127 

Sheep 

0.6691 

5.691 

20.3 

128 

Hog 

0.6690- 

5.689 

20.5 

129 

Sheep 

0 . 6970 

6.170 

6.7  boiled  liquid 

130 

Hog 

0.7261 

6.670 

2 . 1  boiled  liquid 

131 

Hog 

0 . 6679 

5.685 

20.7 

141 

Hog 

0.6666 

5.641 

22.8 

142 

Hog 

0.6633 

5.591 

25.6 

Leaving  out  of  consideration  numbers  129  and  130,  which  are  the  liquids 
from  the  boiled  organs  and  somewhat  diluted,  it  will  be  seen  that  the  re- 
sults are  remarkably  uniform.  The  Ph  values  are  a  trifle  higher  than 
were  those  reported  in  our  former  paper  for  the  hog  and  beef  products, 
but  a  little  lower  than  we  found  for  the  sheep,  in  the  mean.  Such  varia- 
tions follow,  possibly,  from  differences  in  the  completeness  of  extraction, 
which  may  depend,  in  part,  on  the  temperatures  reached  in  the  centrif- 
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ugal  machine.      In  any  event  they  are  ahnost  within  the  limits  of  error 
in  observation. 

These  results  with  the  pancreas  liquids  suggested  the  importance  of 
testing  the  juices  from  other  organs,  which,  like  body  fluids  in  general, 
have  all  been  assumed  to  have  a  nearly  neutral  reaction  like  the  blood. 
The  pancreas  hquid  is  unquestionably  acid;  may  not  the  same  condition 
be  fotmd  in  other  organs?  We  have  made  a  number  of  examinations 
of  the  centrifugal  juice  from  other  minced  organs,  as  follows: 

No.  133,  Oct.  15.  Parotid  gland  of  hog.  A  satisfactory  separation  could  not  be 
obtained,  even  after  some  hours  of  rapid  rotation.  The  minced  gland  is  rich  in  mucus 
which  evidently  interferes  with  such  a  separation  as  we  secured  from  the  pancreas. 
On  mixing  the  minced  mass  with  a  little  water,  however,  boiling  and  filtering,  enough 
liquid  was  secured  to  make  the  potential  tests.  Similar  efforts  to  secure  Uquids  from 
the  sub-lingual  and  sub-maxillary  glands  were  not  successful,  as  these  glands  fumiafa 
a  slimy  mass  only,  which  could  not  be  filtered. 

No.  133,  Oct.  15.  Beef  parotid  gland.  Conditions  were  similar  to  those  for  No. 
133.     A  liquid  was  obtained  in  the  same  way. 

No.  134,  Oct.  19.  Beef  parotid.  In  this  case  the  minced  gland  was  ground  with 
fine  washed  quartz  and  a  little  water.  After  the  centrifugal  action  a  dear  filtrate  was 
obtained.  Through  this  filtrate  a  stream  of  pure  hydrogen  was  passed  to  drive  oat 
carbon  dioxide  possibly  absorbed  in  the  long  preliminary  treatment.  The  liquid  was 
then  forced  into  the  potential  cell  by  means  of  hydrogen  gas  pressure,  avoiding  contact 
with  air.    The  potential  found  remained  constant  overnight. 

No.  135,  Oct.  36.  Beef  parotid.  The  glands  were  remo%ed  on  the  evening  of 
the  35th  and  quickly  frozen,  remaining  so  overnight.  They  were  then  ground  fine  and 
centrifuged  without  addition  of  sand  or  water.  A  red  liquid  was  obtained  which 
evidently  contained  hemoglobin.  Hydrogen  was  applied  as  in  the  last  case  before 
filling  the  potential  cell. 

Sub-lingual  and  sub-maxillary  glands  collected  at  the  same  time  and 
treated  in  the  same  way  gave  a  distinct  add  reaction  with  litmus  but 
could  not  be  made  to  yield  a  dear  juice. 

No.  136,  Nov.  I.  Hog  bile.  Clear.  Some  of  the  liquid  was  tested  immediately 
and  some  after  standing  34  hours  in  the  cold.  This  latter  bile  showed  an  increased 
alkaline  reaction. 

No.  137,  Nov.  I.     Hog  bile.     Markedly  ttu-bid.     It  was  tested  at  once. 

No.  138,  Nov.  3.  Sheep  liver.  A  centrifugal  separation  from  the  freshly  removed 
livers  is  rather  easily  secured.  In  this  case  the  liquid  was  blood  red.  It  was  tested  at 
once. 

No.  139,  Dec.  17.  Hog  thyroid.  The  centrifugal  liquid  was  secured  on  the 
evening  of  the  x6th  and  kept  near  the  freezing  point  tmtil  the  next  morning  when  the 
test  was  made. 

No.  140,  Dec.  17.  Hog  liver.  The  liquid  was  separated  on  the  evening  of  the 
i6th.     The  separation  was  comparatively  easy. 

No.  143,  Dec.  33.  Hog  thyroid.  Minced  organ  centrifuged  in  the  morning  and 
the  reddish  liquid  obtained  examined  for  the  potential  in  the  early  afternoon. 

No.  144,  Dec.  33.     Hog  spleen.     Treated  and  tested  as  143. 

No.  145,  Dec.  33.     Hog  liver.     Treated  and  tested  as  143. 

No.  146,  Jan.  5.     Hog  spleen.     Separation  easy,  treated  and  tested  at  once. 

No.  147,  Jan.  5.     Beef  spleen.     Separated  and  tested  at  once. 
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In  practically  all  the  above  cases,  it  is  seen,  the  centrifugal  liquid  was 
not  allowed  to  stand  more  than  the  time  necessary  to  transfer  from  the 
centrifuge  to  the  potential  cell.  Where  the  separation  was  made  in  the 
laboratory  of  the  medical  school  this  was  but  a  few  minutes,  and  where 
made  in  the  laboratory  of  Armour  &  Company  it  was  not  above  an  hour. 
There  was  no  time  allowed  in  which  fermentation  changes  could  take 
place  of  suflScient  importance  to  affect  the  potential  results.  The  poten- 
tial determinations  are  given  in  Table  II. 

Table  II. 


No.          Organ. 

Potential. 

Ph. 

Ch. 

133     Hog  parotid 

0.7339 

6.804 

1.57  X  10-^ 

133    Beef  parotid 

0.7064 

6.332 

4.66 

134    Beef  parotid 

0.7187 

6.545 

2.85 

135     Beef  parotid 

0.7169 

6.512 

3.07 

136    Hog  bile 

0.7491 

7.042 

0.9X 

Same,  after  standing 

0.7668 

7.369 

0.43 

137    Hog  bile 

0.7592 

7.215 

0.61 

138    Sheep  liver 

0.7180 

6.510 

3.09 

139    Hog  thyroid 

0.7505 

7.089 

0.81 

140    Hog  liver 

0.6959 

6. 151 

7.06 

143     Hog  thyroid 

0.7524 

7.099 

0.80 

144    Hog  spleen 

0.7093 

6.361 

4.35 

145    Hc^  Kver 

0.6981 

6.169 

6,78 

146    Hog  spleen 

0.7223 

6.563 

2.73 

147     Beef  spleen 

0.7215 

6.550 

2.82 

The  examination  of  the  liquids  from  other  organs  than  the  pancreas 
discloses  the  very  interesting  fact  that  a  number  of  them  are  very  dis- 
tinctiy  acid,  although  not  to  the  same  degree  that  was  fotmd  in  the  pan- 
creas. In  general,  these  juices  do  not  appear  to  be  as  rich  in  the  phos- 
phates as  we  find  for  the  pancreas  juice. ' 

The  press  juice  from  the  saUvary  glands  all  appear  to  be  slightiy  acid, 
although  the  saliva  itself  is  usually  described  as  alkaline.  However, 
this  alkaline  reaction  is  never  strong  and  is  by  no  means  constant.  After 
a  meal  the  flow  of  the  mixed  saliva  may  even  be  sUghtiy  acid.  The  re- 
action seems  to  vary  with  the  gland  from  which  the  flow  is  secured.  This 
being  the  case,  we  should  expect  to  find  at  times  an  acid  reaction  in  the 
gland  cells  to  balance  the  corresponding  alkaline  flow  to  the  mouth  of 
the  saliva  proper.  The  same  condition  doubtiess  prevails  here  that  we 
find  in  the  pancreas.  The  nearly  neutral  blood  furnishes  the  juice  which 
appears  both  in  the  saUva  and  in  the  external  excretion  of  the  pancreas, 
the  so-called  pancreatic  juice.  When  these  are  alkaline  we  should  properly 
expect  the  retmn  flow  to  the  blood  to  be  acid. 

The  reaction  of  the  bile  appears  to  be  neutral,  or  very  sUghtiy  alkaline. 
The  numerical  values  obtain  for  a  temperatiu-e  of  20^,  from  which  it  ap- 
pears that  the  observed  reaction  is  about  of  the  neutral  order.    We  have 
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more  than  once  observed  that  the  bile  becomes  slightly  alkaline  on  stand- 
ing, and  this  change  may  be  responsible  for  the  view  usually  held.  It 
is  true  that  the  bile  is  alkaline,  in  the  sense  that  it  contains  salts  of  weak 
adds  which  by  double  decomposition  are  able  to  neutralize  hydrochloric 
acid  from  the  stomach,  but  free  alkali  is  doubtless  not  present.  Accord- 
ing to  Foa,^  however,  the  bile  may  be  at  times  appreciably  add.  This 
might  be  expected  when  the  conditions  of  the  formation  of  bile  are  kept 
in  mind. 

In  degree  of  acidity  the  liver  appears  to  stand  next  to  the  pancreas. 
The  juices  from  the  two  hog  livers  examined  show  an  addity  about  one- 
third  of  that  noted  in  the  pancreases,  but  the  causes  of  the  reaction  in  this 
case  are  doubtless  different  from  what  they  are  in  the  case  of  the  latter 
organ.  The  work  of  the  liver  is  so  largely  chemical,  involving  the  pro- 
duction and  combination  of  so  many  groups  of  acid  character,  that  the 
resulting  reaction  may  well  be  add.  It  must  be  kept  in  mind,  further, 
that  the  nudeoprotdns  abtmdantly  present  may  play  a  part  here  as  some 
of  them  are  slightly  add.  It  is  probable  that  the  degree  of  addity  in 
the  liver  will  be  foimd  to  vary  with  the  time  of  taking  food. 

The  two  spedmens  of  thyroid  juice  obtained  are  practically  neutral 
and  in  this  respect  resemble  the  bile.  As  the  thyroid  possesses  no  sys- 
tem of  external  secretion  it  is  practically  necessary  that  the  reaction  of 
its  press  juice  should  be  very  close  to  that  of  the  blood.  Of  the  essential 
work  of  the  th3Toid  but  little  is  known;  however,  any  products  formed 
must  be  contained  in  the  press  juice  or  must  go  back  to  the  blood  and  the 
sum  of  the  reactions  cannot  be  well  changed. 

The  spleen,  on  the  contrary,  disdoses  a  slight  degree  of  addity,  not 
greatly  different  from  that  of  the  parotid  gland.  In  view  of  the  relation 
of  this  organ  to  the  blood  and  the  absence  of  any  dearly  defined  excre- 
tory system  it  is  surprising  that  a  reaction  should  be  found  which  is  in 
any  essential  different  from  that  of  the  blood.  One  of  the  main  func- 
tions of  the  spleen,  perhaps  the  important  function,  is  connected  with 
the  elaboration  of  the  white  blood  corpusdes.  It  is  possible  that  this 
operation  involves  the  liberation  of  a  slight  trace  of  an  add  fraction  from 
the  complexes  from  which  the  white  cells  are  produced.  If  these  cells 
themselves  should  be  found  to  be  on  the  slightly  alkaline  side  the  rejected 
material  might  well  be  slightly  acid.  In  the  building  up  of  new  cells 
from  the  amino  add  complexes  available  such  a  rearrangement  might 
possibly  occiu*.  It  will  be  necessary  to  examine  a  much  larger  number 
of  organs  before  the  constancy  of  the  add  behavior  can  be  definitdy 
affirmed. 

The  slight  degrees  of  addity  or  alkalinity  observed  in  some  of  the 
-cases  discussed  above  are  so  near  the  neutral  point  that  errors  of  experi- 
1  See  "Neuberg's  Handbuch,"  II,  p.  1601. 
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ment  must  be  always  kept  in  mind.  We  have  therefore  made  frequent 
controls  of  the  apparatus  and  have  used  different  types  of  cells  in  the 
progress  of  the  work.  In  practically  all  cases  the  final  readings  were 
madeHt>y  aid  of  a  deUcate  D'Arsonval  galvanometer  as  well  as  by  the  use 
of  the  capillary  electrometer.  To  secure  greater  delicacy  the  cell  and 
measuring  apparatus  were  motmted  on  blocks  of  paraffin.  A  tempera- 
ture of  20°  was  maintained  as  closely  as  possible  throughout  the  experi- 
ments. 

It  is  known  that  the  removal  of  carbon  dioxide  from  blood  senun  by 
a  ciurent  of  hydrogen  causes  an  appreciable  increase  in  the  apparent 
(OH)  concentration,  which  is  in  turn  reduced  by  restoring  the  displaced 
gas.  In  our  experiments  the  possible  effect  of  carbon  dioxide,  absorbed 
from  the  laboratory  air  dining  manipulation,  was  tested  by  noting  the 
changes  in  dilute  potassium  chloride  solutions.  Made  up  with  fresh  dis- 
tilled water  the  Ph  values  of  these  solutions  were  always  close  to  7  at 
20°.  By  exposing  the  potassiiun  chloride  solutions  in  beakers  into  which 
the  breath  was  blown  it  was  found  possible  to  perceptibly  reduce  the 
potential  and  reach  Ph  values  ranging  from  6.8  to  6.9,  indicating  slight 
degrees  of  acidity.  But  the  amount  of  contamination  in  such  cases  was 
far  greater  than  would  be  possible  in  our  usual  experimentation,  from 
which  we  conclude  that  an  acidity  error  from  the  absorption  of  carbonic 
add  must  be  of  a  very  low  order  and  not  sufficient  to  accotmt  for  any 
of  the  values  obtained. 

In  a  very  considerable  number  of  cases  the  potential  cells  were  allowed 
to  stand  overnight  after  the  constant  readings  had  been  obtained.  In 
the  morning,  at  the  same  temperature,  these  readings  were  generally  found 
to  be  quite  unchanged,  showing  that  reaction  changes  from  ferment  or 
other  kind  of  activity  were  inappreciable.  On  the  whole,  we  are  of  the 
opinion  that  the  values  recorded  represent  the  actual  normal  reactions 
of  the  organs  in  question. 

Source  of  the  Acid  Reaction  of  the  Pancreas. 

We  do  not  intend  in  this  place  to  attempt  an  explanation  of  the  cause 
of  the  acidity  observed  in  any  case  except  that  of  the  pancreas.  From 
the  preliminary  tests  made  it  was  suggested  in  our  earlier  paper  that  the 
explanation  of  the  pancreas  reaction  may  be  fotmd  possibly  in  the  rela- 
tion of  the  various  phosphates  in  the  centrifuge  juice,  that  is  in  the  pro- 
portions of  the  primary  and  secondary  alkali  phosphates.  This  can  be 
determined  only  by  a  complete  analysis  of  the  inorganic  substances  in 
the  Hquid  and  allowance  for  the  phosphorus  organically  combined.  We 
have  carried  out  such  an  analysis,  to  be  given  below. 

It  must  be  recognized,  further,  that  some  of  the  organic  phosphorus 
compounds  of  the  type  of  the  nucleoproteins  have  an  appreciable  acidity 


Digitized  by  VjOOQIC 


1 122  J.  H.   LONG  AND  F.   PENGER. 

and  the  presence  of  such  bodies  may  be  a  factor  of  impcniance.    This 
point  will  be  considered  in  what  follows. 

As  regards  the  relation  of  the  add  and  basic  groups  among  the  salts 
of  the  extracted  liquid  it  is  probably  true  that,  while  the  concentration 
of  the  extract  may  vary  with  the  length  of  time  given  to  the  centrifugal 
action,  the  character  of  the  reaction  will  depend  mainly  on  the  relcUion 
between  the  ions  of  the  extract.  The  ions  of  the  alkali  phosphates  form 
readily  soluble  salts  which  probably  extract  in  equal  degrees  of  rapidity. 
In  the  determination  of  the  various  ions  present  we  examined  a  composite 
made  from  a  portion  of  each  fluid  used  in  the  potential  measurements  on 
the  hog  pancreas.  The  individual  liquids  making  up  the  composite 
vary  somewhat  in  their  properties  but  the  mixture  tmdoubtedly  well  repre- 
ents  the  average  character  of  the  press  juice.  In  a  former  paper^  it  was 
shown  that  the  solids  in  the  liquid  from  the  hog  pancreas  made  up  about 
15%  of  the  whole,  while  in  the  beef  pancreas  juice  the  soHd  part  was 
somewhat  less.  We  are  concerned  with  the  hog  pancreas  juice  alone 
here,  and  the  centrifugal  actions  may  be  described  as  of  moderate  length, 
and  so  conducted  as  to  avoid  much  rise  in  temperature.  To  show  the 
effect  of  temperature  on  the  extract  some  other  composites  were  made. 
The  results  from  this  large  composite  are  here  given  in  percentage  form, 
that  is  as  parts  of  the  whole  liquid. 

Water 83  7% 

Solids 16.3% 

Proteins  (N  =  2.1) 1309        Calcium,  Ca 0.026 

Ash 1 .  32        Magnesium,  Mg 0.020 

Phosphoric  acid,  PO4 . .' o. 982       Potassium,  K 0.328 

Chlorine,  CI 0.012      Sodium,  Na 0.121 

Sulfuric  acid,  SO4 0.000 

As  the  ash  must  contain  the  phosphates  in  condensed  type,  meta-  or 
pyrophosphates,  its  weight  appears  small  in  comparison  with  the  sum 
of  the  weights  of  the  phosphoric  add  and  the  metals.  The  composition 
of  this  liquid  is  somewhat  remarkable.  While  the  total  solid  matter  is 
less  than  is  found  in  the  blood,  for  example,  the  salt  fraction  is  unusually 
high,  apparently  much  higher  than  is  f  oimd  in  any  other  of  the  body  fluids. 
The  relatively  high  content  of  potassium  is  to  be  noted.  It  was  separated 
from  the  sodium  by  chloroplatinic  acid,  and  determined,  also,  indirectly 
a  number  of  times. 

The  phosphoric  add  is  the  total  acid,  that  contained  in  the  nudein 
form  as  weU  as  in  combination  with  metals.  While  the  liquid  contains  a 
trace  of  sulfur,  it  appears  to  be  all  in  protein  combination,  and  not  in 
the  oxidized  form  as  sulfate.  The  trace  of  sulfur  in  the  ash  is  not  calcula- 
ted as  sulfate.     The  low  chlorine  content  is  noteworthy  and  was  reached 

^  This  Journal,  37,  2427  (1915). 
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in  a  number  of  determinations,  as  well  as  with  different  composites. 
The  amotmt  fotmd  corresponds  to  about  0.02%  of  sodium  chloride. 

Press  juice  from  lean  meat  furnishes,  possibly,  the  nearest  approach 
to  this  in  composition.  In  respect  to  mineral  matters,  and  especially 
with  reference  to  potassium  and  phosphoric  acid  the  pancreas  juice  and 
the  muscte  juice  appear  to  be  much  alike.  But  we  have  here  a  far  higher 
amotmt  of  protein  and  other  organic  substances.  It  is  of  course  passi- 
ble that  beside  the  protein  nitrogen  this  element  may  be  present  in  some 
other  form,  in  a  protein  derivative,  as  a  nucleic  acid,  for  example.  But 
this  point  we  have  not  investigated. 

It  is  evident  that  the  inorganic  salts  present  are  essentially  phosphates 
of  potassium  and  sodium,  with  small  amounts  of  calcium  and  magnesium 
phosphates.  There  are  no  very  exact  data  in  the  literature  from  which 
the  phosphoric  acid  held  in  other  forms  may  be  calculated,  but  it  may 
be  assumed  that  a  portion  of  the  soluble  protein  in  the  juice  is  the  a-pro- 
tdd  of  Hammarsten.  This  point  we  have  looked  into.  It  is  not  likely 
that  a  lecithin  body  is  f oimd  in  the  juice,  because  it  is  perfectly  dear  and 
the  lecithins  go  with  the  fat  fraction  in  the  centrifugal  separation. 

We  have  identified  the  a-proteid^  in  a  number  of  tests  and  have  made 
some  effort  to  estimate  the  amount  in  the  press  juice.  The  phosphorus 
content  of  the  body  is  about  1.7%.  On  boiling  a  solution  containing 
this  protein  it  breaks  up,  sphtting  off  a  fraction  called  by  Hammarsten 
/8-proteid  which  contains  about  4.5%  of  phosphorus.  This  fraction  has 
been  purified  and  analyzed  by  several  chemists.  Steudel  found  as  a 
mean  of  several  trials  on  different  fractions*  4-74%  of  phosphorus  in  the 
substance  which  yields  guanylic  acid  on  splitting.  In  some  of  this  work 
as  much  as  2%  of  the  weight  of  the  organ  was  seciu"ed  as  a-proteid,  but 
in  our  preparations  it  is  not  likely  that  a  correspondingly  complete  ex- 
traction was  secured,  but  the  protein  which  passed  into  solution  was  rich 
in  phosphorus  and  acid  in  character. 

By  boiling  this  liquid,  as  in  the  separation  of  the  jS-proteid,  we  obtain 
a  coagulum  which  is  possibly  split  off  from  the  original  soluble  protein. 
By  estimating  the  nitrogen  in  this  and  in  the  filtrate  we  find  that  the  2.1% 
of  total  nitrogen  is  divided  between  0.23%  in  the  coagulum  and  i  .87% 
in  the  soluble  portion.  If  all  of  this  nitrogen  were  assumed  to  exist  in 
the  form  of  a-proteid  the  phosphorus  corresponding  would  be  very  much 
below  what  we  find  in  the  analysis  given  above,  suggesting  that  the 
larger  part  of  the  phosphorus  must  exist  in  some  other  combination. 
Some  of  the  organic  phosphorus  bodies  are  possibly  of  acid  character. 

We  have  attempted  to  separate  the  protein  bodies  holding  the  phos- 

'  Hammarsten,  Z.  physiol.   Chem.,  19,   19  (1894);  Bang,  Ibid.,  a6,  133   (1898); 
Steudel.  Ibid.,  53,  539  (1907). 
*  Loc.  cit.  and  Ibid.,  68,  40. 
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phorus  and  roughly  determine  the  amotint  of  each.  For  the  separation 
of  the  a-proteid  we  extracted  a  kilogram  of  minced  beef  pancreas  with 
physiological  salt  solution  at  a  low  temperature,  repeating  the  process 
a  number  of  times.  The  liquids  obtained  were  mixed  and  precipitated 
by  weak  acetic  add,  as  recommended  by  Hammarsten  and  his  co-work- 
ers. The  weight  of  precipitate  obtained  was  considerably  bdow  what 
was  expected  from  the  accotmts  in  the  literature,  but  this  may  be  due  in 
part  to  the  rather  marked  solubility  in  the  wash  water.  In  order  to  re- 
move the  last  traces  of  acetic  add  and  to  avoid  putrefactive  dianges 
the  last  washings  were  made  with  water  sattnated  with  toluene.  Some- 
thing will  be  said  bdow  of  the  add  behavior  of  the  so-prepared  protein 
body.  In  appearance  and  general  behavior  our  product  corresponds 
closely  to  the  substance  described  by  Hammarsten  and  others.  Prom 
our  own  results  and  those  just  dted  it  appears  that  vigorous  extraction 
with  salt  solution  will  yield  the  a-protein  in  amount  about  i .  5%  irf  the 
wdght  of  the  original  moist  organ.  The  PO4  content  corresponding 
is  about  0.077%  of  ^^  wdght  of  the  organ,  and  this  probably  represents 
the  larger  part  of  the  a-proteid  phosphorus  in  the  whcde  moist  organ. 

Our  centrifugal  extraction  is  far  from  complete  with  respect  to  the 
total  phosphorus.  In  one  experiment  with  375  g.  of  moist  pancreas  we 
secured  0.627  g-  of  P2OS  in  the  top  layer,  0.888  g.  of  PzOs  in  the  liquid 
layer,  and  i .  128  g.  of  PsOs  in  the  lower  layer,  exclusive  of  the  phosphorus 
found  in  the  fat  of  the  upper  and  lower  layers.  This  makes  0.705%  of 
P2O6  for  the  whole  organ,  or  0.943%  as  PO4,  an  amount  not  very  differ- 
ent from  what  we  sectu'ed  in  our  composite  liquid.  This  is  a  further 
suggestion  that  the  a-proteid  phosphorus  must  make  up  but  a  small 
part  of  the  whole  phosphorus. 

It  has  been  stated  that  the  a-proteid  gives  rise  to  the  /8-protdd  on  de- 
composition and  that  the  phosphorus  can  be  most  accurately  estimated 
in  the  latter.  That  the  larger  part  of  the  phosphorus  combined  with  solu- 
ble protein  is  held  in  this  form  is  suggested  by  another  test  independent 
of  those  made  on  the  composite  liquid.  In  this  case  130  cc.  of  liquid  were 
secured  from  a  mass  of  minced  pancreas  representing  about  5  kg.  of  the 
fresh  organs,  the  weight  centrifuged  bdng  about  600  g.  50  cc.  of  this 
liquid,  weighing  53.2  g.,  furnished  9.705  g.  of  dry  solids,  or  18.24%. 
75  cc.  of  the  licjuid  were  mixed  with  an  equal  volume  of  water  and  heated 
to  boiling.  A  marked  precipitate  was  formed  which  was  wdl  washed, 
dried  and  weighed.  The  weight  was  2.25  g.  equivalent  to  2.82%  of  the 
weight  of  the  liquid  or  15 . 4%  of  the  wdght  of  the  solids.  The  phosphorus 
content  of  this  residue  was  0.61%,  as  P2O5,  and  this  must  represent  the 
phosphorus  split  off  from  the  a-proteid  in  making  the  j8-protdd. 

The  filtrate  from  this  coagulum  was  evaporated  to  drjoiess  and  tested 
for  phosphorus,  yielding  5 .  13%  of  the  dry  weight  of  P2O5,  a  part  of  which 
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is  inorganic  phosphorus,  and  a  part  protein  phosphorus.    These  deter- 
minations may  be  condensed  as  follows: 

PO4  in  total  solids 5  -990%    PO4  of  coagulum  as  part  of  liquid. .  0.023% 

PO4  as  part  of  whole  liquid,  i  .093        PO4  in  dried  filtrate  from  coagulum.  6 .86 
PO4  in  dry  coagultmi o. 82  PO4  of  filtrate  as  part  of  liquid i  .058 

These  results  are  slightly  different  from  those  of  the  large  composite 
sample.  The  solids  are  somewhat  higher  and  we  have  fotmd  the  soUds 
of  the  coagulum  higher.  The  difference  is  probably  due  to  the  fact  that 
here  in  the  centrifugal  action  the  temperature  was  permitted  to  run 
higher  than  was  the  case  before,  where  it  was  kept  down  low  enough  to 
prevent  any  change  in  the  ferments  of  the  liquid.  Elevated  tempera- 
ture favors  a  somewhat  more  perfect  extraction.  But  the  results  are 
alike  in  showing  that  the  larger  part  of  the  phosphorus  is  in  the  soluble 
fraction,  that  is  in  the  fraction  holding  the  j8-proteid  as  well  as  the  in- 
organic salts. 

In  several  portions  of  this  filtrate  an  attempt  was  made  to  throw  down 
the  j8-proteid  so  as  to  secure  a  separation  of  the  nuclein  phosphorus  from 
the  inorganic.  This  was  done  by  precipitating  the  liquid  with  dilute 
acetic  acid  and  alcohol  as  described  in  the  papers  of  Hammarsten^  and 
Steudel.^  The  precipitation  is  not  strictly  qtiantitative,  but  a  dose  ap- 
proximation is  reached.  The  determination  of  phosphorus  in  this  pre- 
cipitated j3-proteid  gives  an  amount  of  PO4  equal  to  0.037%  ^i  the  liquid 
weight,  as  gainst  1.056%  not  thrown  down.  Different  trials  give  es- 
sentially the  same  result,  from  which  we  conclude  that  the  larger  figure 
must  represent  the  portion  of  the  phosphorus  not  combined  as  a  nuclein 
but  combined  in  the  inorganic  form  in  the  press  juice. 

Going  back  now  to  the  composite  liquid  from  which  the  larger  table 
was  made,  we  found,  after  separating  a  coagulum,  and  treating  the  fil- 
trate with  acetic  acid  and  alcohol,  an  amount  of  phosphorus  in  the  pre- 
cipitate which,  as  PO4  is  equal  to  0.023%  of  the  weight  of  the  original 
liquid.  The  coagultmi  formed  by  boiling  in  this  case  contained  PO4 
equivalent  to  o .  0045%  of  the  original  liquid.  The  PO4  in  both  amotmted 
to  0.027%  of  the  weight  of  the  original  liquid,  from  which  it  appears 
that  the  organic  phosphorus  must  be  very  low,  or,  in  other  words,  that 
the  combination  of  this  element  is  largely  with  metals. 

This  being  the  case  will  the  acid  and  base  content,  as  exhibited  by 
the  table,  accotmt  for  the  reaction  of  the  liquid.^  Probably  not.  If  we 
combine  the  calcium  and  magnesium  with  phosphoric  acid  to  form  salts 
of  the  CaHP04  tjrpe,  and  the  chlorine  with  sodium,  we  have  left  0.841 
PO4  and  sodium  and  potassium  equivalent  to  0.520  K.  Taking  out, 
f  tuther,  the  phosphoric  acid  which  seems  to  be  held  in  protein  combina- 
tion, we  have  remaining  0.814  PO4  to  be  combined  with  alkalies.  Cal- 
*  Loc.  cit. 
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dilation  shows  that  these  amounts  of  acid  and  alkali  are  sujfficient  to  f onn 
a  salt  of  the  type  KH2PO4  holding  148  parts  of  potassium,  and  a  salt  of  the 
type  K2HPO4  holding  372  parts  of  potassitun  or  its  equivalent,  which  pro- 
portions correspond  closely  to  4  molecules  of  KH2PO4  and  5  molecules 
of  K2HPO4.  A  mixture  in  these  proportions  would  be  slightly  add, 
but  not  as  strongly  acid  as  the  potential  measin^ments  indicate. 

It  remains  now  to  test  the  behavior  of  the  a-  and  i9-proteids  with  re* 
spect  to  reaction.  Our  various  preparations  of  the  latter  compound 
3rielded  amounts  of  phosphorus  between  4.79%  and  4. 94%,  with  nitro- 
gen varying  from  17.20  to  17.58%.  Hammarsten  gave  4.48%,  and 
Steudd,  in  a  number  of  preparations,  found  between  4.45  and  4.86% 
of  phosphorus,  with  nitrogen  in  about  the  range  we  found.  It  is  evident 
then  that  we  are  dealing  with  the  same  preparation,  which  is  known  to 
have  an  add  behavior  and  which  breaks  up  easily,  yidding  about  half  its 
weight  of  guanylic  add.  A  solution  was  made  of  one  of  our  preparations 
containing  250  mg.  in  100  cc.  of  pure  neutral  0.2  N  KCl.  The  potential 
value  at  20°  was  found  to  be  ir  =  0.6754,  from  which  Ph  =  5-797-  This 
value  is  not  greatly  different  from  those  we  found  in  the  centrifugal  liquids. 

We  have  made  this  determination  on  the  j8-proteid  because  it  is  ob- 
tainable in  a  relatively  pure  condition.  The  a-protdd  is  more  likely 
to  be  the  phosphorus-holding  complex  in  the  centrifugal  juice  and  we 
have  therefore  examined  this  product  also,  although  it  cannot  be  as  read- 
ily secured  in  pure  form.  Following  the  methods  already  referred  to  we 
have  made  a  number  of  preparations  which  are  dearly  sxAd  in  behavior. 
Great  care  must  be  taken  to  wash  out  all  the  acetic  acid  used  in  the  pre- 
dpitation  of  the  substance  from  the  extractive  liquid,  which  was  in  some 
cases  physiological  salt  solution  and  sometimes  a  stronger  salt  solution. 
It  is  possible  that  in  the  organ  juice  the  a-proteid  exists  in  combination 
with  part  of  the  alkali  metals,  rather  than  in  the  free  state.  Several 
reactions  strongly  suggest  this,  but  in  our  calculations  above  we  have 
assumed  that  the  alkaU  is  combined  with  phosphoric  add.  If  held  with 
the  protein  the  effect  would  be  to  leave  the  reaction  of  the  phosphates 
more  strongly  acid.  Gamgee  and  Jones^  have  given  some  experiments 
on  this  protein  and  suggest  that  it  acts  as  a  dibasic  add  which  yields  an 
acid  ammonium  salt  soluble  in  water.  For  the  purpose  of  measuring 
the  optical  rotation  of  the  substance  they  dissolved  it  in  water  plus  a 
small  amount  of  ammonia.  They  recognize  in  the  a-protdd  a  body  of 
distinctly  add  character. 

At  any  rate,  by  the  addition  of  the  dilute  acetic  add  the  protein  add 
is  set  free  and  thrown  down  as  a  flocculent  precipitate  which  may  be 
washed  by  decantation  rather  easily,  using  toluene  to  prevent  decomposi- 
tion.    It  is  finally  washed  on  a  filter  in  the  same  way.     A  littie  calcula- 
*  Beit.  Chem.  Phys.  Path,,  4,  10  (1904). 
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tion  shows  that  the  acetic  acid  can  soon  be  reduced  to  a  dilution  where 
it  will  give  no  measurable  reaction  in  the  concentration  cell. 

The  a-proteid  does  not  appear  to  be  as  soluble  in  weak  potassium 
chloride  solution  as  was  the  other  product.  For  our  tests  we  shook  up 
small  portions  with  the  chloride  and  obtained  solutions  which  showed  a 
marked  add  behavior  in  the  cell.  But  the  concentration  of  the  solutions 
was  always  low.  The  add  character  of  the  preparation  is  better  shown 
in  another  way.  We  foimd  that  it  dissolves  in  solutions  of  secondary 
sodium  phosphate  readily,  about  as  it  does  in  weak  soda  solution  or  am- 
monia. If  this  solution  follows  by  reason  of  the  formation  of  a  salt  at 
the  expense  of  part  of  the  sodium  of  the  phosphate  a  mixture  of  primary 
and  secondary  phosphates  would  be  left  and  the  fact  would  be  shown  by  an 
altered  potential  value  in  the  ceU.     Our  experiments  confirmed  this  view. 

We  dissolved  an  amotmt  of  the  moist  a-proteid  equivalent  to  0.78  g. 
of  the  dry  substance  in  15  cc.  of  molar/ 15  NaiHPOi  plus  20  cc.  of  water 
(induding  the  water  hdd  in  the  moist  predpitate),  and  found  for  the  solu- 
tion at  20**  a  value  of  t  =  0.7330,  from  which  Ph  =  6.788,  or  Ch  = 
1.63  X  io~^.  Fifteen  cc.  of  the  same  phosphate  solution  plus  20  cc.  of 
water  gives  a  mixture  from  which  Ph  =  8  •  982  was  found,  or  Ch  =  1.03  X 
io~^.  The  phosphate  solution  has  become  strikingly  more  add  after 
being  mixed  with  the  protein  and  the  final  solution  has  about  the  Ph 
value  of  a  mixture  of  4.5  volumes  of  molar/ 15  secondary  phosphate  and 
5 . 5  volumes  of  the  corresponding  primary  phosphate.  This  chautige  corre- 
sponds to  the  removal  of  a  certain  amount  of  sodium  from  the  secondary 
phosphate  solution,  and  practically  the  equivalent  of  0.842  g.  per  liter, 
or  12.6  mg.  for  the  15  cc.  used  in  dissolving  the  protein. 

It  is  evident,  therefore,  that  this  so-called  a-proteid  is  a  distinctly 
acid  substance.  In  our  centrifugal  juice  it  may  act  as  an  add  or  it  may 
hold  part  of  the  sodium  in  salt  form.  Probably  the  latter  is  the  true 
condition,  and  the  original  combination  in  the  organ  must  be  an  alkali 
salt  of  the  nudeoproteins  present.  The  effect  of  this  would  be  to  leave 
more  of  the  phosphorus  combined  as  a  primary  phosphate  and  increase 
the  addity  of  the  press  juice.  It  must  be  recalled  that  besides  the  a-pro- 
teid the  pancreas  is  known  to  contain  other  similar  bodies  which  are  not 
readily  separated  from  the  solvent  liquid.  If  these  have  the  same  mark- 
edly acid  character  as  this  one,  we  have  a  further  explanation  of  the  acid 
reaction  of  the  organ. 

We  wish  to  acknowledge  in  this  place  our  indebtedness  to  Mr.  R.  A. 
Nelson  and  Miss  Mary  Hull  for  valuable  hdp  in  the  preparation  of  ma- 
terial and  in  the  analysis  of  solutions  described. 

Sunmiary. 

I.  We  have  shown  by  a  large  number  of  qualitative  experiments  on 
individual  organs  of  freshly  slaughtered  animals  that  the  normal  reac- 
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lion  of  the  pancreas  is  distinctly  add.  This  confirms  and  extends  the  con- 
clusions of  our  former  paper  regarding  the  pancreases  of  the  hog,  beef 
and  sheep. 

2.  The  quantitative  relations  were  studied  on  organs  collected  from 
September  to  December  to  cover  possible  seasonal  or  feeding  variations, 
and  results  were  found  which  show  that  the  reactions  of  the  pancreases 
of  the  three  animals  are  essentially  as  reported  before,  with  the  Ph  values 
running  between  5 . 5  and  5 . 7.  There  appears  to  be  no  seasonal  effect, 
and  the  condition  of  the  animal  was  evidently  without  influence.  This 
ion  concentration  is  then  nearly  a  constant  and  is  undoubtedly  a  factor 
of  physiological  importance. 

3.  Similar  experiments  were  made  on  the  organs  of  other  animals.  It 
was  found  that  the  parotid  glands,  the  liver  and  the  spleen  were  acid  in 
reaction,  but  not  to  the  extent  found  for  the  pancreas,  while  the  bile 
was  slightly  alkaline  or  neutral  and  the  th3rroid  gland  practically  neu- 
tral, as  might  be  expected  from  the  location  and  relations  of  the  gland. 

4.  In  searching  for  the  cause  of  the  reaction  of  the  pancreas  a  com- 
plete analysis  of  the  salts  of  the  press  juice  was  made.  The  juice  is  rich 
in  phosphates,  while  sulfates  are  absent  and  chlorides  present  only  in 
traces.  Of  the  metals,  potassium  is  the  most  abimdant  and  the  relations 
of  all  the  metals  to  the  phosphoric  acid  is  such  as  to  give  rise  to  a  slightly 
add  reaction. 

5.  In  addition  to  this  reaction  of  the  inorganic  salts  it  is  fotmd  that 
the  nucleoproteins  present  have  an  acid  reaction,  and  that  one  of  them,^ 
at  least,  the  a-proteid  of  Hammarsten,  goes  readily  into  solution  with 
secondary  sodium  phosphate,  in  which  solution  the  reaction  of  the  phos- 
phate changes  from  alkaline  to  add,  apparently  from  the  formation  of 
primary  phosphate. 

6.  It  appears  that  the  marked  add  reaction  of  the  pancreas,  which  is 
stronger  than  fotmd  for  other  organs,  may  be  accotmted  for  through  the 
presence  of  add  phosphates  and  add  nudeoproteins.  The  alkali  salts 
of  the  nudeoproteins  are  readily  soluble  in  water  and  therefore  pass  into 
the  centrifugal  or  press  juice. 

CmcAOO*  Jul. 


[Contribution  from  thb  Chemical  Laboratory  of  the  University  of  Wisconsin.) 

THE  IKFLUENCE  OF  SOME  SOLVENTS  ON  THE  RATE  OF 
ACTION  OF  SODIUM  WITH  ISOAMYLBROMIDE. 

Bt  Paux,  Wbittibr  Carlvton. 
Receiyed  March  16,   1915. 

Three  types  of  solvents,  ether,  tertiary  amines,  and  hydrocarbons^ 
have  particular  interest  because  of  their  relation  to  the  formation  of  the 
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Grignard  reagent.  In  ether  and  tertiary  amines  this  reagent  forms  by 
the  action  of  magnesium  on  the  organic  haloid.  A  hydrocarbon  solution 
of  the  haloid  is  not  thus  acted  upon  at  ordinary  temperatures.  Tschelin- 
zeff  ^  has  found  that  small  amotmts  of  ether  or  tertiary  amine  in  the  hydro- 
<:arbon  solution  cause  the  formation  of  the  reagent  at  a  lower  tempera- 
ture. The  catal3rtic  action*  of  the  ether  or  tertiary  amine  he  explained 
by  the  dissociating  effect  of  these  substances  on  the  organic  haloids. 

It  was  considered  of  interest  to  see  whether  an  alkyl  haloid  in  ether  solu- 
tion would  react  with  sodium  faster  than  when  dissolved  in  benzene. 
With  this  in  mind,  attempts  were  made  to  obtain  comparative  measure- 
ments for  the  rates  of  reaction  between  sodium  and  isoamylbromide 
when  the  latter  was  dissolved  to  a  o.  i  iV  solution  in  ether,  in  benzene, 
and  in  dimethyl  aniline. 

Purification  of  Reagents. — ^The  ether  was  shaken  out  with  water  three 
times,  dried  with  fused  calcium  chloride,  then  with  finely  divided  sodium 
and  was  finally  distilled  from  phosphorus  pentoxide.  It  was  kept  in  the 
dark  with  sodium.  The  benzene  was  shaken  with  concentrated  sulfuric 
acid  several  times,  with  sodium  hydroxide  solution  and  then  with  water. 
It  was  dried  with  fused  calcium  chloride  and  then  finely  divided  sodium, 
was  refluxed  and  distilled  from  sodium.  It  was  kept  in  the  dark  with 
sodium  in  it.  The  dimethyl  aniUne  was  dried  with  sodium  and  distilled. 
The  xylene  was  boiled  with  sodium,  the  gasoline  was  shaken  out  with  con- 
centrated sulftuic  add,  and  fractionated.  The  hydrogen  was  passed 
through  water,  sulfuric  acid,  phosphorus  pentoxide,  and  sodium. 

Plan  of  Experiment. — ^Twenty  cc.  of  o.i  N  isoamylbromide  solution 
were  shaken  for  a  definite  length  of  time  with  a  large  excess  of  finely 
divided  sodium  in  a  stoppered  flask  in  a  thermostat.  The  flask  was  then 
opened  and  the  sodium  was  filtered  off,  washed  with  pure  solvent  and  then 
treated  with  alcohol.  The  alcoholic  solution  was  diluted  and  after  proper 
treatment  titrated  to  determine  the  amount  of  sodium  bromide  formed. 
This  gave  in  cc.  o.  i  A/^  silver  nitrate  solution  a  meastu-e  of  the  amount 
of  isoamylbromide  which  had  reacted  in  any  way  with  sodium. 

Apparatus. — ^The  shaker  was  a  piece  of  two-inch  .plank  made  to  carry 
four  samples.  It  had  two  holes  on  each  side  in  which  the  necks  of  the 
flasks  fitted,  being  held  in  place  by  wooden  dips.  This  plank  was  pushed 
back  and  fourth  on  the  siuiace  of  the  water  in  the  thermostat.  The  bixlb 
of  the  flask  was  immersed,  leaving  only  the  top  of  the  neck  exposed. 
The  shaking  was  effident  as  could  be  seen  by  the  distribution  of  the 
sodium  over  the  inside  of  the  flask.  The  temperature  of  the  thermostat 
was  25°. 

1  Ber.,  37,  4537-4538  (1904). 

>  Stadnikoff  (/.  prakt,  Cketn.,  [3  J  88,  i  (1913))  denies  this  role  for  the  ether.      See 
in  reply  Tschelinzeff  (/.  prakt.  Chem.,  [3]  89,  86  (1914)). 
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Experimental. 

The  sodium  (5  or  7 .5  g.  weighed  to  o.oi  g.)  was  melted  under  boiling 
xylene  in  the  flask  in  which  the  reaction  was  to  take  place,  which  was  a 
100  cc.  round  bottom,  long-necked,  Jena  flask.    The  flask  was  stoppered 
and  shaken  vigorously,  then  opened  and  cold  xylene  poured  in.     This 
method,  a  modified  suggestion  of  Brtihl,^  gave  the  metal  in  a  finely  divided 
condition.    The  particles  in  any  one  sample  were  not  uniform  in  size, 
but  the  different  samples  were  very  similar  even  upon  dose  examination. 
The  flask  containing  the  xylene  and  finely  divided  sodium  was  attached 
to  an  apparatus  so  arranged  that  it  could  be  filled  with  dry  hydrogen, 
or  that  diminished  pressure  could  be  maintained  by  a  water  pump.     It 
was  also  possible,  without  admitting  air,  to  draw  a  liquid  first  into  the 
flask  to  rinse  it  and  then  into  a  catch  bottle.     Hydrogen  was  used  when 
necessary  to  increase  the  pressure  within  the  system.    A  sulfuric  acid 
wash  bottle  just  before  the  pump  kept  out  moistiu^  from  this  source. 
When  the  flask  was  first  connected  with  this  apparatus  the  air  in  it  was 
replaced  by  hydrogen  and  the  xylene  was  drawn  over  into  the  catch  bot- 
tle. The  sodium  was  washed  twice  with  gasoline  boiling  below  75®  and 
once  with  petroleum  ether  boiling  below  50®.     After  most  of  this  had  been 
removed,  the  small  amoimt  remaining  was  evaporated  imder  diminished 
pressure  by  immersing  the  flask  in  hot  water.    The  flask  was  several  times 
alternately  filled  with  hydrogen  and  evacuated  to  get  rid  of  traces  of  hydro- 
carbon.    In  this  way  sodium  was  washed  free  from  xylene  in  an  atmosphere 
of  hydiogen  and  was  finally  obtained  perfectly  dry  in  a  finely  divided 
condition  with  a  bright  metallic  surface.    There  was  usually  present  a 
trace  of  sodium  hydroxide  formed  during  weighing.     Hydrogen  was  then 
admitted  to  the  full  pressure  of  the  generator  and  the  soditun  was  ready 
for  use. 

The  average  size  of  the  sodium  particles  was  not  greater  than  o.  i  to 
0.2  mm.  in  diameter,  and  in  no  case  were  there  any  particles  larger  than 
I  mm.  It  did  not  seem  practicable  to  try  to  obtain  more  tmiform  ma- 
terial than  this,  since  so  large  an  excess  of  sodium  was  used  (100  to  150 
atoms). 

The  surface  exposed  is  an  important  factor  in  a  heterogeneous  reac- 
tion. The  large  amount  of  sodium  was  chosen  to  make  the  surface  rela- 
tively enormous,  7.5  g.  of  sodium  in  spheres  having  a  diameter  of  0.3 
mm.  would  have  a  stuiace  of  over  1500  sq.  cm.  The  actual  surface 
exposed  could  not  have  been  smaller,  as  the  average  diameter  must  have 
been  less  than  0.3  mm.  The  particles  were  compared  with  a  scale  ruled 
in  milUmeters  in  order  to  know  their  approximate  size.  This  surface 
(1500  sq.  cm.  for  7.5  g.  or  1000  sq.  cm.  for  5  g.)  was  available  for  reac- 
tion with  20  cc.  o.  I  A/^  solution  of  isoamylbromide  (0.302  g.). 
*  Ber.,  35,  3516  (1902),  footnote. 
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In  order  to  reduce  the  evaporation  on  pouring  the  ether  solution  into 
the  buret,  the  volumetric  flask  was  closed  with  a  two-holed  rubber  stopper 
canying  a  long  and  a  short  piece  of  glass  tubing.  On  inverting  the  flask, 
ether  flowed  out  the  short  tube  into  the  biu-et,  while  air  entered  the  flask 
through  the  long  tube  without  bubbling  through  the  solution. 

For  measuring  the  isoamylbromide  solution  a  buret  was  used  which 
was  drawn  out  to  a  long  capillary  below  the  glass  stopcock.  This  capil- 
lary entered  the  flask  through  a  glass  tube  in  the  stopper  and  extended 
almost  down  to  the  sodium.  Twenty  cc.  of  the  o.i  N  isoamylbromide 
were  added,  and  the  flask  was  withdrawn  from  the  rubber  stopper,  closed 
by  a  solid  rubber  stopper  and  shaken  in  the  thermostat. 

The  reaction  was  stopped  by  filtering  the  sodium  and  washing  it  three 
times  with  the  solvent,  except  in  the  case  of  dimethyl  aniline.  When 
this  was  used  as  the  solvent,  if  sufficient  time  were  allowed  for  the  reac- 
tion, there  was  present  a  whitish  flocculent  suspension.  On  exposure  to 
air,  this  was  rapidly  discolored  to  a  brown  slime  which  hindered  filtra- 
tion very  much,  even  when  suction  was  used.  It  was  necessary  to  remove 
the  dimethyl  aniline  as  completely  as  possible,  because  of  the  color  which 
even  small  amounts  of  it  caused  in  the  solution  during  titration.  The 
final  method  was  to  dilute  with  gasoline  before  filtering  off  the  sodium, 
then  filter  and  wash  with  gasoline.  Even  with  this  modification,  how- 
ever, special  treatment  was  necessary  before  the  bromide  could  be  titrated. 

The  sodium  from  benzene  or  ether  experiments  was  treated  with  alco- 
hol, the  flask  and  fiilter  were  washed  into  this  solution  with  water,  and 
the  solution  .was  diluted,  acidified  with  nitric  acid,  and  titrated  according 
to  the  Volhard  method.  A  few  of  the  solutions,  after  being  exactly  neu- 
tralized with  0.5  iV  nitric  acid,  were  titrated,  using  potassium  chromate 
as  indicator. 

The  procedure  when  dimethyl  aniline  had  been  used  was  as  follows: 
The  sodium  alcoholate  was  neutralized  by  cold  alcoholic  nitric  add,  the 
solution  filtered,  and  the  filtrate  evaporated  to  dryness,  leaving  a  dark 
residue.  This  was  triturated  with  pure  benzene  to  dissolve  the  colored 
substance  which  was  filtered  off.  The  sodium  bromide  obtained  by  both 
procedures  was  dissolved  in  water  and  titrated  according  to  the  Mohr 
method.  In  the  earlier  cases,  titrated  by  the  Volhard  method  because 
of  the  color  caused  by  traces  of  dimethyl  aniline,  It  was  necessary  to  ap- 
proach the  end  point  several  times  from  each  direction  and  take  the  aver- 
age of  these  as  correct. 

The  results  in  Table  I  fairly  represent  those  obtained.  In  the  case 
of  the  ether  solution  the  figures  given  include  all  of  the  results  from  the 
last  solution  used,  with  those  for  30,  72  and  96  hours  from  a  previous  solu- 
tion. 7.5  g.  of  sodium  were  used  in  all  of  the  experiments  with  ether 
save  the  last  three  where  5  g.  were  used.    All  of  the  data  obtained  using 
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dimethyl  aniline  and  benzene  as  solvents  are  not  included,  as  they  merely 
emphasize  the  results  given  in  the  table.  With  benzene  and  dimethyl 
aniline  solutions  5  g.  of  sodium  were  used  save  in  the  last  two  experiments 
with  dimethyl  aniline  where  7 . 5  g.  were  used.  A  large  number  of  ex- 
periments were  made  with  ether  as  the  solvent,  in  some  of  which  7 . 5  g. 
of  sodium  were  used,  in  others  5  g.,  but  no  difference  in  results  due  to  this 
change  could  be  detected.  The  results  are  expressed  in  cc.  of  o.i  A^ 
silver  nitrate  required  to  titrate  the  sodium  bromide  formed.  Isoamyl- 
bromide  was  dissolved  to  o.  i  AT  solution  in  these  solvents.  The  time  is 
expressed  in  hours. 

Table  I. 
Cc.  of  o .  I  N  AgNOi  required  for  NaBr  formed  from  CfiHuBr  in  solvents  named. 
Solvenu. 


Time. 

Bther 

DlmeUiyUniline. 

Benzene. 

Time. 

(hours). 

001 

venui. 

Ether. 

Benzene. 

,nours;. 

■■ 

I 

0.9 

I.O 

18.7 

0.5 

18 

1.0 

2 

0.7 

1 .0 

18.2 

0.7 

30 

150 

3 

0.6 

2.0 

0 

95 

18.6 

0.8 

47 

0.8 

4 

7.1' 

0.8 

18.6 

0.8 

72 

18.9 

5 

I.I 

(B) 

21 .2* 

96 

20.4 

6 

1.5 

3.1 

20.6 

0.8 

358 

1-9 

These  results  show  that  the  reaction  in  benzene  does  not  complete 
itself  within  a  reasonable  length  of  time.  In  ether  the  reaction  goes 
to  completion  within  four  days,  while  in  dimethylaniline  it  is  complete 
in  a  few  hours.    The  solubilities  concerned  are  not  known. 

That  the  rates  of  reaction  do  not  bear  any  simple  relation  to  the  dielec- 
tric constants  of  the  solvents  is  not  surprising,  since  different  reactions 
take  place.  In  dimethylaniline  the  ammonium  salt  (dimethyl  isoamyl 
phenylammonium  bromide)  is  formed  and  sodium  reacts-  with  it  as  a 
positive  metal  replacing  a  less  positive  radical.* 

A  similar  sort  of  reaction  is  possible  also  with  the  ether  solution,  but 
must  be  a  minor  reaction,  as  the  formation  of  the  oxonium  salt  is  very 
slight.     This  kind  of  reaction  is  not  possible  in  benzene  solution. 

As  stated  before.  Table  I  does  not  give  all  the  results.  Many  attempts 
were  made,  especially  with  ether  solutions,  to  find  the  cause  for  the  lack 
of  agreement.  It  was  the  intention  to  obtain  comparable  results,  and 
as  far  as  the  appearance  of  the  sodium  was  concerned,  this  seemed  to  be 
accomplished.  Uniform  results  were  not  obtained  even  with  improve- 
ments in  apparatus  and  technic.     An  unsuccessful  attempt  was  made 

^  The  sodium  in  these  cases  seemed  more  oxidized.  Although  in  the  case  of  (B)2 1 . 2 
cc.  air  was  admitted  by  mistake,  it  could  hardly  have  caused  this  deviation.  See  the 
later  air  experiments.  The  excess  of  i . 2  cc.  in  (B)  is  due  to  21  cc.  of  o.  i  JV  CJIiiBr 
being  used  by  mistake. 

*  See  E.  B.  Blaise,  Bull.  soe.  cMm.,  [3]  35,  93  (1906),  and  Grignard,  Ibid.,  [4]  i»  260 
(1907),  who  found  tetraalkyl  ammonium  iodides  did  not  react  with  miBignesium. 


Digitized  by  VjOOQIC 


ACTION  OF  SODIUM  WITH   ISOAMYLBROBODB.  II33 

to  commect  this  lack  of  agreement  with  the  effect  of  light  by  noting 
whether  the  day  was  cloudy  or  clear.  This  was  thought  of,  since  the 
trials  started  at  any  one  time  agreed,  while  those  of  different  days  did 
not.  It  has  been  stated  that  no  difference  in  results  was  detected  when 
7.5  g.  of  sodium  were  used  in  place  of  5  g.,  hence  the  comparatively 
small  variation  in  amount  of  surface  exposed  could  have  had  no  marked 
effect. 

The  reaction  resulting  in  the  formation  of  sodium  bromide  did  not 
uniformly  attack  the  whole  surface  of  the  metal.  The  blue  form  of  sodium 
bromide,  which  was  not  noticeable  until  equivalent  to  about  4  cc.  of  o.  i  N^ 
silver  nitrate,  was  present  as  little  blue  balls  scattered  throughout  the 
mass;  the  rest  of  the  metal  was  not  visibly  changed.  It  was  suspected 
that  these  particidar  bits  of  sodium  might  have  been  oxidized  to  sodium 
hydroxide,  but  the  experiments  with  moist  air  and  moist  ether  described 
later  did  not  justify  this.  When  a  trace  of  alcohol  was  added,  the  blue 
was  uniformly  distributed  over  the  whole  surface. 

The  difficulty  cannot  be  due  to  halogen  in  the  sodium,  since  several 
blanks  using  large  weights  of  substance  showed  none.  What  should 
cause  such  a  result  as  total  reaction  in  five  hours  in  ether  solution  (B) 
in  Table  I  is  not  known. 

In  order  to  find  the  effect  of  air  and  other  gases  on  the  rate  of  reaction^ 
the  following  experiments  were  tried,  using  o.i  N  ether  solution  of  iso- 
amylbromide.  The  results  are  expressed  as  cc.  of  o.i  AT  silver  nitrate 
required  to  titrate  the  sodium  bromide  formed. 

Tabus  II. 
The  effect  of  enclosed  gas. 
Time  (hours).       Cc.  0.1  i^T  AgNOi.  Baclosed  gas. 

3  0.95  Hydrogen  (as  usual). 

3  z .  o  Air-dried  by  HsS04  passed  through  about  a  minute. 

3  1.5  Undried  air,  same  length  of  time. 

3  1.4  Dried  carbon  dioxide,  same  length  of  time. 

Although  there  are  small  variations  here,  the  differences  are  not  such 

as  were  obtained  in  the  regular  series.    The  following  data  show  the 

variations  in  the  results  for  three  hours — all  the  data  for  this  length  of 

time  with  ether  solution  are  given  here  (expressed  as  cc.  of  o.  i  A/'  silver 

nitrate  solution). 

Table  III. 

The  results  are  arranged  in  chronological  order. 

g.  Ntt. 

7.5 

5.0 

4.2  I.O  5.0 

7.5 


Sc^ution  A.... 

.     3.4 

Sc^utionB.... 

.     1.5 

0.9 

Solution  C... 

.     0.4 

0.45 

2.2 

Solution  D... 

.     0.6 

2.0 

0.95 
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Tablb  IV. 
Effect  of  moisttire  and  alcohol  when  benzene  is  solvent. 


Wt.  of 
■odium. 

Time, 

Cc.  0.1  N  AgNOi 
Mquired. 

Imptuity. 

75 

2 

3.7 

o.  I  CC  alcohol  in  I  oc  benzene. 

75 

2 

2.7 

I  cc.  benzene  satd.  water. 

75 

2 

0.7 

None. 

The  sodium  used  in  the  first  two  trials  given  with  Solution  C  had  stood 
in  hydrogen  five  days  dry  in  powder  form. 

That  the  air  admitted  in  quickly  withdrawing  one  stopper  and  insert-^ 
ing  another  would  not  seriously  affect  the  results,  is  sho¥m  by  Table  II. 
These  data  also  eliminate  the  variation  in  the  siuiace  of  the  sodium  as 
a  determining  factor  in  variation  of  results. 

Another  factor,  moisture,  was  investigated  as  follows:  5  g.  of  sodium 
with  20  cc.  of  o.  I  N  ether  solution  of  isoamylbromide  and  o.  i  cc.  of  ether 
saturated  with  water  after  shaking  three  hours  required,  after  the  usual 
treatment,  i .  i  cc.  o.i  N  silver  nitrate  for  the  sodium  bromide  present. 
In  another  case  7.5  g.  of  sodium  with  similar  solutions  except  that  i  cc 
of  wet  ether  was  used  and  the  mixture  was  shaken  two  hours,  required 
I.I  cc.  o.i  N  silver  nitrate.  These  trials  were  carried  out  four  months 
apart  with  diiferent  solutions  and  different  preparations  of  reagents. 
They  show  that  moisture  has  no  accelerating  effect  on  the  reaction,  per- 
haps a  surprising  fact,  and  eliminate  the  presence  of  the  sodium  hydroxide 
as  the  disturbing  agent. 

When  benzene  was  the  solvent,  moisture  increased  the  speed  of  reac- 
tion. 7.5  g.  of  sodium  were  shaken  for  two  hours  with  20  cc.  of  o. i  N" 
benzene  solution  of  CsHuBr  plus  i  cc.  of  benzene  saturated  with  water 
and  sodium  bromide  equivalent  to  2.7  cc.  0.1  N  AgNOs  was  formed. 
This  is  a  greater  value  than  any  with  dry  benzene. 

The  influence  of  small  amounts  of  other  impurities  on  the  speed  of  re- 
action (as  indicated  by  the  sodium  bromide)  was  studied.  The  experi- 
ments are  given  with  the  blank  nm  at  the  same  time  for  the  reason,  pre- 
viously stated,  that  trials  made  at  the  same  time  usually  gave  concor- 
dant results.  In  the  following  table  the  weight  of  sodium  given  was  shaken 
with  20  cc.  of  o.  I  iV  ether  solution  of  isoamylbromide  plus  o.  i  cc.  of  ether 
containing  the  amount  of  impiuity  stated.  The  sodium  bromide  formed 
required  the  voltune  of  o.  i  iV  AgNOs  solution  given. 

Part  A  of  the  table  shows  that  the  impurities  there  introduced  have  no 
marked  effect  in  the  three  hours  which  the  reaction  is  allowed  to  go. 
That  the  reaction  is  slower  is  noticeable  in  Part  B.  The  impurities  used 
in  C  have  also  no  decided  influence.  Alcohol  and  acetone  in  Part  J> 
cause  the  reactions  to  go  to  completion  in  three  hours.  This  is  not  un- 
expected, but  these  experiments  show  very  clearly  the  importance  of 
freeing  the  ether  from  the  last  traces  of  alcohol  for  uses  of  this  kind. 
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o.oi  cc.  of  alcohol  corresponds  to  0.05%  alcohol  in  the  ether,  and  with 
this  purity  the  reaction  goes  85%  in  two  hours  and  100%  in  three  hours. 
With  pure  ether  the  reaction  has  gone  about  5%  in  two  and  10%  in  three 
hours. 

The  acceleration  caused  by  alcohol  is,  of  coiuse,  due  to  the  fact  that 
different  reactions  are  taking  place.  Sodium  with  alcohol  forms  sodium 
ethylate,  which  reacts  with  the  alkyl  bromide.  The  sum  of  reactions 
involving  sodium  ethylate  as  well  as  metallic  sodium  is  being  measiu'ed. 

The  following  additional  reactions  then  take  place: 

A.  CjHeONa  +  CsHuBr  -  CHw  +  NaBr  +  CHrOH 

B.  CtHftONa  +  CsHuBr  «  C«HuOCiH6  +  NaBr 

Reaction  A  is  much  faster  than  that  of  sodium  on  the  alkyl  haloid. 
The  data  in  Table  V  do  not  indicate  how  much  faster  Reaction  A  is,  for 
the  total  amount  of  alcohol  is  less  than  one-tenth  of  a  molecule  compared 
to  the  alkyl  bromide,  and  yet  although  both  Reactions  A  and  B  are  taking 
place,  only  A  regenerates  alcohol  to  form  more  sodium  ethylate  and  re- 
act with  more  alkyl  bromide,  thus  finally  jrielding  sodium  bromide  equiv- 
alent to  all  of  the  isoamylbromide  present.  In  the  ether  filtrate  from  the 
sodium  and  sodium  bromide,  when  o.oi  cc.  of  alcohol  had  been  added 
before  the  reaction,  unsaturation  was  detected  by  the  disappearance 
of  bromine  color,  while  the  color  in  the  blank  remained.  In  another 
-case  where  no  alcohol  had  been  used,  tmsaturation  was  not  detected. 

The  effect  of  alcohol  when  benzene  was  the  solvent  was  tested.  7.5 
g.  of  sodium  powder  were  shaken  with  20  cc.  of  o.  i  iV  benzene  solution 
of  isoamylbromide  and  the  impurity  stated. 

Tablh  V. 
The  effect.of  some  impurities. 


m 

Impurity. 

Time  in 
lio«n. 

Cc.  0.1  N 

MJOlpVtXttfm 

Series  A: 

Series  D: 

J     3    3.6 

O.OI  CC  benzene  (dry) 

5        3    22.3 

O.OI  oc  abs.  alcohol 

6     3    3.3 

O.OI  cc  xylene  (dry) 

5        3    22.3 

O.OI  cc  anhyd.  acetone 

5     3     4.0 

0.05  cc.  pentane 

5        3      4.4 

O.OI   cc   ethyl  acetate, 
dry,  alcohol  free 

5     3     4.2 

Blank 

5        3      2.2 

Blank 

Series  B: 

Series  E: 

5    10    0.95 

O.OI  oc  benzene  (dry) 

7.5    2    21.0 

I  cc  ether  contg.  0.  i  cc 

5    10    2.25 

Blank 

abs.  alcohol 

Series  C: 

7.5    2     16.8 

0.1  cc.  ether  contg.  o.oi 

5   3       1.05 

0. 1  cc  ether  satd.  water 

cc.  abs.  alcohol 

^   3      0.85 

O.OI  cc  acetoacetic  ester 

5   3       1.16 

O.OI  cc  malonic  ester 

^    3       1.0 

Blank 
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These  restilts,  when  compared  with  those  obtained  in  using  an  ether  sohi- 
tion,  show  clearly  that  the  sodium  ethylate  reactions  with  the  alk^ 
haloid  also  go  much  slower  in  benzene  solution. 

Summary. 

1 .  An  attempt  has  been  made  to  measure  the  rate  of  reaction  of  metallic 
sodium  in  powder  form  with  isoamylbromide  dissolved  in  ether,  m  di- 
methylaniline  and  in  benzene. 

2.  The  rate  in  ether  was  faster  than  in  benzene,  while  in  dimethyl- 
aniline  the  rate  was  much  greater  them  in  either  of  the  other  two. 

3.  This  can  be  explained  by  the  formation  of  ammonium  and  oxonium 
(very  slight)  salts  and  by  the  sodium  replacing  the  less  positive  organic 
basic  radical  in  the  salt.  It  cannot  be  explained  if  dissociation  of  the 
alkyl  haloid  alone  is  used  and  if  the  dissociating  power  of  a  solvent  is  pro- 
portional to  its  dielectric  constant. 

4.  Chemically  this  result  would  be  expected,  as  the  dimethylaniline 
would  certainly  add  the  haloid  and  the  ether  would  tend  to  do  so,  while 
benzene  would  not. 

5.  The  effect  of  some  imptuities  on  the  rate  of  reaction  has  been  shown. 
That  of  alcohol  and  acetone  is  enormous. 

Madison,  Wis. 


[Contribution  vrou  this  Dspartmbnt  of  Chemistry  of  the  UNivBRSiTir  of 

Minnesota.] 

THE  DETERMINATION  OF  ACETONE  IN  SYSTEMS  OF  METHTL 

ALCOHOL,  WATER  AND  POTASSIUM  FLUORIDE,  AND 

EQUILIBRU   IN  SYSTEMS    OF  METHYL   ETHYL 

KETONE,  WATER  AND  INORGANIC  SALTS. 

By  G.  B.  Peankvoktsk  and  Lillian  Cobbn. 
Received  March  13.  1916. 

In  the  study  of  the  equflibria  in  the  systems  water,  acetone  and  inor- 
ganic salts,  it  was  found  that  the  amount  of  acetone  present  in  an  aqueous 
solution  can  be  determined.  It  was  also  found  that  methyl  alcohol 
cannot  be  salted  out  of  an  aqueous  solution  by  means  of  potassium  fluo- 
ride. It  was  thought  that  acetone  could  be  then  accurately  determined  in 
the  presence  of  methyl  alcohol.  When  the  methyl  alcohol  did  not  ex- 
ceed s%f  i^  function  was  found  to  be  the  same  as  water,  and  from  a 
study  of  the  binodal  curve,  the  amount  of  acetone  in  a  solution  could  be 
determined.  It  was  found,  however,  that  when  larger  amounts  of  methyl 
alcohol  were  used  the  alcohol  did  not  act  the  same  as  the  water,  andlod 
of  points  fotmd  by  experiment  did  not  fall  on  the  binodal  curve.  A  more 
or  less  comprehensive  study  of  the  effect  of  the  alcohol  was  then  made. 
Solutions  containing  from  5-95%  methyl  alcohol  in  water  were  made  up 
and  the  salting  out  effect  of  potassium  fluoride  was  again  tried.    The 
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method  used  is  the  same  as  the  one  described,^  only  in  this  case  the  alcohd 
and  water  mixtures  were  used  in  place  of  water. 

If  a  careful  study  is  made  of  Table  I,  it  will  be  seen  that  it  does  not 
seem  to  be  the  amount  of  methyl  alcohol,  but  rather  the  amount  of  ace- 
tone that  gives  discordant  results.  When  the  percentage  of  acetone 
does  not  exceed  i8,  the  acetone  can  be  determined  as  in  the  method 
described.  If  the  amount  of  acetone  present  exceeds  18%  the  solution 
must  be  diluted  and  the  acetone  can  then  be  determined,  the  methyl 
alcohol  not  interfering  in  this  determination. 

Table  I. 


1 

2. 

3. 

4. 

5. 

6. 

KP. 

Water. 

Methyl  alcohol 

Acetone. 

Acetone. 

Water. 

17.65 

29.80 

44.70 

7.85 

8.00 

74.50 

16.35 

5Z.28 

21.97 

10.40 

10.00 

74.00 

15.91 

59.89 

14.97 

9.23 

950 

74.00 

14.57 

44.59 

29.73 

II. II 

11.50 

74.00 

13.75 

43.48 

28.98 

13.79 

13.50 

73.50 

10.67 

42.60 

28.40 

18.33 

18.  CO 

70.50 

9.75 

48.57 

20.81 

20.87 

24.00 

66.50 

9.29 

28.54 

42.80 

19.37 

25.00 

66.00 

8.9a 

35.15 

35.15 

20.78 

25.00 

66.00 

7.33 

40.17 

26.77 

25.73 

29.50 

63.00 

7.02 

43.06 

10.76 

39.16 

31.00 

62.00 

7.62 

28.02 

42.04 

22.32 

29.50 

63.00 

5.78 

42.30 

10.57 

41.35 

37.00 

58.00 

530 

32.53 

32.53 

29.64 

37.00 

58.00 

5.16 

26.35 

39.53 

28.96 

39.00 

56.00 

4.97 

41.10 

10.27 

43.66 

40.00 

55.00 

5.19 

37.91 

25.28 

31-62 

39.00 

56.00 

4.21 

39.83 

9.96 

46.00 

44.00 

52.00 

4.12 

40.96 

17.54 

37.38 

45.00  • 

51.00 

4.46 

31.28 

31.28 

32.98 

42.00 

54.00 

4.05 

24.83 

37.25 

33.87 

45.00 

51.00 

3.99 

35.90 

23.93 

36.18 

45.00 

51.00 

3.82 

14.72 

44.16 

37.31 

47.00 

50.00 

3.65 

30.14 

30.14 

36.08 

47.00 

49  00 

3.37 

39.20 

16.80 

40.63 

50.00 

47.00 

3.10 

23.59 

35.38 

37-93 

50.00 

47.00 

3.03 

33.97 

22.65 

40.35 

50.00 

47.00 

2.75 

28.00 

28.CO 

41.25 

52.00 

46.00 

2.43 

36.20 

15.52 

45.85 

52.00 

46.00 

2.42 

35.82 

8.96 

52.80 

52.00 

46.00 

2.10 

25.79 

25.79 

46.32 

54.00 

44.00 

1.93 

34.22 

8.55 

55.30 

58.00 

41.00 

1.72 

11.30 

33.92 

53.06 

58.00 

41.00 

In  the  table,  Columns  i,  2,  3,  4,  respectively,  indicate  the  weight  in 
grams  of  KF,  water,  alcohol  and  acetone  in  100  g.  of  the  solution.    Col- 
tunns  5  and  6  show  the  weight  of  acetone  and  water,  respectively,  in  grams 
^  Tms  JouKNAi,,  36, 1103-34  (1914). 
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that  should  be  present  in  100  g.  of  the  solution,  if  no  methyl  alcohol  were 
present.  The  data  from  5  and  6  were  found  in  a  former  experiment.^ 
The  data  in  i,  2,  3,  4  are  those  just  determined. 

Equilibria  m  Methyl  Ethyl  Ketone  Systems.— The  methyl  ethyl  ketone 
which  was  used  in  the  following  experiments  came  from  the  firm  of  C. 
A.  P.  Kahlbaum,  of  Berlin,  and  was  labelled  highest  purity.  An  examina- 
tion showed,  however,  that  it  was  by  no  means  pure,  although  of  better 
quality  than  a  sample  of  the  same  supposed  purity  from  another  factory. 
The  Kahlbaum  sample  began  to  boil  at  78°  and  rose  to  84^  before  it  had 
all  distilled  over.  After  fractioning  several  times,  that  part  which  passed 
over  between  79.5°  and  80 . 5  °  was  collected  and  treated  with  magnesium, 
amalgam  and  finally  with  metallic  soditmi.  It  was  again  fractioned, 
practically  all  passing  over  between  79.6-80.2®  at  745  mm.  pressure. 
The  purified  sample  was  then  weighed.  It  represented  about  60%  of 
the  total  sample  taken;  the  remaining  40%  included  impurities  and  loss 
sustained  in  the  purification.  It  was  again  redistilled,  a  very  small  amount 
passing  over  below  80**.  The  remaining  part  distilled  at  80  to  80.2 
at  752  mm.  The  specific  gravity  was  taloen  at  20°  in  a  specially  designed 
and  standardized  vacuum  pycnometer  and  gave  0.8054  and  o.8o5i*®/4. 

The  refractive  index  was  taken  with  the  latest  Pulfrich  refractometer 
using  the  newly  designed  hydrogen  tube.  The  average  of  three  deter- 
minations gave  the  following  indices: 

Alpha 1 .38308;        Beta i  .37023;        Gamfna i  .36178 

Compared  with  the  physical  constants  determined  by  others  these  are 
in  fairly  close  accord,  as  will  be  seen  by  the  following  table: 

Sp.  gr.  0.82961  at  o*;  0.8125  at  13*;  0.804s  St  19.8*;  0.80526  avenge  of  two  de- 
terminations. 

Boiling  point  80.6;  80.6;  80-80.2*;  80-80.2. 

The  last  numbers  were  taken  by  the  authors.  It  will  be  seen  that  the 
Specific  gravities  agree  fairly  well  but  there  is  a  slight  difference  in  the 
boiling  points.  As  the  atmospheric  pressure  is  not  given  in  the  deter- 
minations made  by  others  we  may  assume  that  the  pressure  was  normal 
or  perhaps  higher  than  that  under  which  we  work.  This  could  easily 
account  for  the  difference.  The  purified  sample  was  kept  in  a  double 
stoppered  bottle  away  from  the  light  until  it  was  used  in  the  accompany- 
ing experiments. 

Methyl  ethyl  ketone  can  be  salted  out  from  its  aqueous  solution  by 
the  salts  sodium  chloride,  potassium  fluoride  and  potassitmi  carbonate. 
The  percentage  of  ketone  in  the  aqueous  solution  can  be  approximately 
determined  by  means  of  th^se  salts.  For  accurate  determinations,  this 
method  would  not  be  satisfactory. 

The  systems  water,  methyl  ethyl  ketone,  water  and  sodium  chloride; 
^LoccU. 
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ethyl  methyl  ketone,  water  and  potassium  fluoride;  ethyl  methyl  ketone, 
water  and  potassium  carbonate  were  studied  and  the  binodal  curve  for 
each  is  given.  The  data  for  the  systems  are  given  in  Tables  II,  III  and 
IV.    The  results  with  potassium  carbonate  were  not  satisfactory. 

Tabls  II. 
Ssrstem  Potassium  Fluoride,  Water  and  Methyl  Ethyl  Ketone. 


Total  wt.  of  subst.  present. 

%  ia  100  g.  of  loL 

KF. 

Ketone. 

Weter. 

Total. 

KF. 

Ketone. 

Water. 

10.869 

0.870 

45.691 

57.430 

18.93 

1-51 

79.56 

10.896 

5.06 

37.541 

103.47 

10.50 

4.87 

84.63 

10.869 

5.05 

87.54 

103.45 

10.50 

4.87 

84.63 

10.869 

19.82 

160.671 

190.46 

5.70 

9.93 

84.37 

1.99 

6.24 

42.003 

50.233 

3.96 

12.42 

83.61 

0.647 

16.363 

60.077 

77.087 

0.84 

21.23 

77.93 

0.647 

46.063 

148.957 

195.667 

0.34 

23.55 

76.11 

47.156 

1. 00 

151.53 

199.686 

23.63 

0.50 

75.87 

47.156 

1.55 

170.66 

219.366 

21.49 

0.70 

77.81 

29.454 

0.15 

56.096 

85.700 

34.38 

0.17 

65.45 

29.454 

2.37 

126.396 

158.22 

18.62 

1.49 

79.89 

29.454 

4.07 

151.646 

185 . 170 

15.91 

2.19 

81.90 

29.454 

6.37 

177.546 

213.37 

13.80 

2.98^ 

83.22 

In  all  the  studies  we  have  so  far  made  the  two  liquids  in  the  S3rstems 
have  been  miscible  in  all  proportions.  There  is  a  limit  to  the  solubility 
of  methyl  ethyl  ketone  in  water  and  water  in  ethyl  methyl  ketone.  J2 

KF 
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The  solubility  of  the  2  Uquids  in  each  other  is  not  only  influenced  by 
the  temperature  but  also  by  the  presence  of  inorganic  salts.  The  influence 
of  potassium  fluoride  is  shown  by  Table  II  and  Plate  I.  The  effect  of 
soditun  chloride  is  shown  in  Plate  II  and  Table  III. 

Tabls  III. 
Sirstem  Sodium  Chloride,  Water  and  Methsd  Ethyl  Ketone. 


Total  wt.  of  tubst.  present. 


%  In  100  g.  of  the  mL 


NaCL 

a.  737 

a.  737 

2.737 

a.  737 

2.737 

a.  737 

0.501 

0.50X 

0.501 

15.740 

15.740 

15.740 


tuo 


Ketone. 
0.718 
2.085 
4.380 
8.87 
18.03 
26.69 
5.828 
18. 118 
28.918 
0.605 
1.425 
5.9 


Water. 

15.235 
22.375 
33.445 
54.89 
90.17 
121.55 
28.943 

73.113 
Z 14. 263 
48.847 
50.847 
88.272 


TotaL 
18.69 

27.197 
40.562 

66.497 

110.927 

150.98 

35.272 

91.732 

143.682 

65 . 192 

68.0x2 

109.912 


NaQ 


nafell. 


NaCL 
14.65 
10.07 

6.75 
4. II 

2.47 
1.80 
1.42 
0.55 
0.35 
24.14 

23.15 
14.32 


3.83 

7.65 

10.80 

13.34 
16.24 
17.70 
16.52 

19. 75 
20.13 

0.94 
2.08 
5.36 


Water. 
81.52 
82. 28 
82.45 

82.55 
81.29 
80.50 
82.06 
79.70 
79.52 
74.92 
74.77 
80.32 


Cti-COC^H, 


In  Plate  III,  the  data  already  given  in  the  various  tables^  for  the  equi- 
libria in  the  systems  water,  ketones  and  inorganic  salts,  have  been  re- 
plotted,  with  the  solvent  and  the  grams  of  salt  per  100  g.  of  solvent  as 
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rectangular  codrdinates.    The  object  of  this  was  to  show,  if  possible, 
the  influence  exerted  by  the  add  radical  on  the  salting  out  property.    No 


^^'^^'f^^^ 


relationship  is  apparently  indicated  by  these  curves.    That  hydration 
has  an  influence  is  indicated  by  the  break  in  the  calcium  chloride  curve. 

Mnnnuvout,  Mmii. 
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ORTHOBENZOYL-BENZOTL  CHLOSIDB. 

Bt  H.  C.  Makyim. 
Received  March  16.  1916. 

(?-Benzoyl-benzoic  acid  has  been  represented  by  two  tautomeric  formulas. 
The  necessity  for  this  was  based  on  the  behavior  of  the  acid  chloride. 

Haller  and  Guyot'  prepared  (?-benzoyl-benzoyl  chloride  by  treating 
the  anhydrous  add  with  phosphorus  pentachloride  in  carbon  disulfide. 
Large  colorless  crystals  were  obtained  melting  about  70®.    They  sug- 

yCClC«H6 

gested  the  formula  CtlU\  ^^  because  on  treating  the  acid  chloride 

XO 
with  benzene  and  aluminium  chloride  it  gave  diphenylphthalide. 

Graebe  and  Ulhnan'  have  shown  that,  if,  in  the  preparation  of  the  add 
chloride,  temperatures  above  100^  are  used,  the  product  is  anthraquinone. 
This  would  indicate  the  formula  C«Hr-CO— CeH*— COCl,  and  the 
preparation  of  the  amide  and  the  change  of  the  latter  to  aminobenzo- 
phenone  is  in  accordance  with  the  latter  formula.  Haller  and  Guyot 
also  prepared  the  methyl  ester  of  (?-benzoyl-benzoic  add  in  five  different 
ways,  induding  the  action  of  the  add  chloride  on  methyl  alcohol,  and  in 
eadi  case  obtained  the  ester  first  described  by  Plascuda'  (m.  p.  51-52**). 

Meyer^  prepared  the  add  chloride  of  (7-benzoyl-benzoic  add  by  dis- 
solving the  acid  in  thionyl  chloride  and  removing  the  excess  of  thionyl 
chloride  in  a  ciurent  of  dry  air  at  50°.  He  obtained  a  colorless  syrap 
which  wotdd  not  crystallize  but  which,  when  added  to  methyl  alcohol, 
gave  an  ester  having  the  mdting  point  80-81  ®.  Meyer  obtained  the  same 
•ester  from  the  add  chloride  prepared  by  the  action  of  phosphorus  tri- 
chloride on  the  add.  He  tried  in  various  ways  to  convert  this  ester  into 
the  ester  having  the  mdting  point  51-52^  but  always  failed,  and  he  con- 
duded  that  the  add  chloride  prepared  by  the  thionyl  chloride  method 
or  by  the  phosphorus  trichloride  method  is  the  isomeric  form  of  that  ob- 
tained by  the  use  of  phosphorus  pentachloride. 

The  author  prepared  (7-benzoyl-benzoyl  chloride  using  the  method 
employed  by  Haller  and  Guyot.  22.6  g.  of  the  anhydrous  add  were 
suspended  in  300  g.  of  carbon  disulfide  and  20.8  g.  of  phosphorus  poita- 
chloride  added  in  small  portions.  After  the  evolution  of  hydrogen 
chloride  had  ceased  the  carbon  disulfide  and  phosphorus  oxychloride  were 
•distilled  off  under  reduced  pressure,  the  temperature  being  kept  bdow 
100  **.  The  thick  heavy  oil  was  dissolved  in  anhydrous  ether  and  the 
solution,  allowed  to  evaporate  slowly  over  sulfuric  add,  gave  large  color- 
less crystals,  m.  p.  59-60**.    Several  attempts  to  crystallize  the  oil  by 

^  Bull,  soc.  chim,,  [3]  as,  54  (1901). 

*  Ann,,  391,  10  (1896). 

•  Ber„  7f  987  (1874). 

<  Manatsh,,  as,  475  (1904). 
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dissolving  in  benzene  and  adding  ligroin  proved  fruitless,  although  this, 
is  the  method  described  by  Haller  and  Guyot. 

The  add  chloride  was  also  prepared  by  Meyer's  method.  15  g.  of  the 
anhydrous  add  were  dissolved  in  about  15  cc.  of  pure,  almost  colorless, 
thionyl  chloride.  A  current  of  dry  air  was  then  passed  through  the  flask 
which  was  heated  to  about  50^  and  after  a  few  hours  the  contents  of  the 
flask  solidified.  This  was  recrystallized  from  ether  and  gave  crystals, 
m.  p.  59-60**,  identical  with  those  obtained  by  the  other  method. 

Through  the  kindness  of  Prof.  T.  L.  Walker,  a  microscopic  examination 
of  these  crystals  was  obtained.  They  are  doubly  refracting  and  biaxial, 
their  commonest  section  is  a  rhomb  and  they  extinguish  paralld  to  the 
diagonals  of  the  rhomb,  indicating  a  crystal  of  the  rhombic,  monodinic 
or  tridinic  system. 

As  the  add  chloride  is  extremdy  easily  affected  by  the  moisture  of  the 
air,  it  was  difficult  to  get  a  good  spedmen  for  analysis  and  the  chlorine 
content  came  low. 

Calc.  for  Ci4H»0iCl:  CI,  14.5.    Found:  CI,  13.6. 

Preparation  of  the  Cyanide. — ^Three  methods  were  used  in  the  at- 
tempt to  prepare  o-benzoyl-benzoyl  cyanide. 

1.  The  add  chloride  and  merciuic  cyanide  were  dissolved  in  anhydrous 
acetone  and  heated  on  the  water  bath  for  several  hours. 

2.  The  acid  chloride  and  anhydrous  hydrogen  cyanide  were  dissolved 
in  anhydrous  ether  and  p)rridine  added. 

3.  The  add  chloride  and  mercuric  cyanide  were  heated  in  a  sealed 
tube. 

The  third  method  was  the  only  one  which  )aelded  any  cyanide  and  it 
was  also  unsuccessful  when  potassium  cyanide  was  substituted  for  the 
mercuric  salt.  About  10  g.  of  the  add  diloride  prepared  by  the  thionyl 
chloride  method  was  mixed  with  an  excess  of  findy  ground  mercuric 
cyanide  and  heated  8-9  hours  in  a  sealed  tube  at  155-165**.  Great  care 
must  be  taken  to  prevent  exposure  of  the  chloride  to  air  and  temperatures 
higher  than  165°  decrease  the  yidd.  The  contents  of  the  tube  were 
treated  with  alcohol  and  filtered.  On  adding  water  to  the  alcohol  solu- 
tion it  ttimed  milky  and,  on  standing,  white  crystals  separated  out  which 
were  further  purified  by  redissolving  in  alcohol  and  adding  water.  Yidd 
about  65%. 

Calc.  for  C«H».C0.C«H4.C0.CN:  N,  5.97.    Found:  N,  6.09,  5-97,  5-99. 

The  cyanide  mdts  at  70**,  and  is  very  soluble  in  acetone,  ether,  benzene,, 
toluene,  acetic  add  and  ethyl  acetate;  less  soluble  in  alcohol  and  ligroin 
and  insoluble  in  water. 

This  preparation  was  repeated,  using  10  g.  of  the  chloride  prepared  by 
the  use  of  phosphorus  pentachloride.  The  yield  was  about  50%  and  the 
cyanide  was  identical  with  that  obtained  in  the  first  preparation. 
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Summary. 

1.  o-Benzoyl-benzoyl  chloride  has  been  prepared  by  the  action  of 
phosphorus  pentachloride  on  the  acid.  Its  m.  -p.  is  59-60®  while  that 
obtained  by  previous  investigators  melted  about  70°.  Possibly  their 
chloride  had  been  affected  by  moisture. 

2.  o-Benzoyl-benzoyl  chloride  has  also  been  prepared  by  the  action 
of  thionyl  chloride  on  the  acid.  It  is  identical  with  the  product  obtained 
by  the  previous  method.  It  had  previously  been  described  as  a  thick 
oil  which  would  not  solidify  and  was  thought  by  Meyer  to  be  an  isomer 
of  the  other. 

3.  c^-Benzoyl-benzoyl  cyanide  has  been  prepared  by  the  action  of 
mercuric  cyanide  on  the  acid  chloride  obtained  by  each  of  these  methods. 
The  same  product  is  obtained. 

4.  The  experiments  described  give  no  evidence  of  a  necessity  tor  tauto- 
meric formulas  for  (?-benzoyl-benzoic  add. 

The  preparation  of  the  esters  is  being  repeated  in  this  laboratory  and  the 
results  will  be  published  very  shortly. 

These  experiments  were  carried  out  under  the  direction  of  Professor 
F.  B.  AUan. 

Univsksity  of  Torokto. 


CORRECTION. 

On  page  391  of  the  February  issue  read  "p-nitrophenylhydrazone"  and 
'^-nitrophenylhydrazine"  instead  of  "/^-nitrophenyl^emica^bazone••  and 
'^-nitrophenylsemicarbazine. ' ' 


NEW  BOOKS. 
Elements  of  Phjrsical  Chemistry.    By  Harry  C.  Jonbs,  Professor  of  Physical  Chemis- 
try in  the  Johns  Hopkins  University.    Fourth  edition,  revised  and  enlarged.    New 
York:  The  Macmillan  Company,  19 15.    Pp.  xiv  +  672.    Price,  $4.00. 

With  a  comparative  page  increase  of  about  20%,  this  fourth  edition 
retains  most  of  the  characteristics  of  the  first  edition  of  the  work,  which 
appeared  in  1902.  "Considerable  new  matter  has  been fpcorporated 
in  the  fourth  edition  of  this  work.  Since  the  book  is  now  large  enough 
for  the  purpose  which  it  was  meant  to  fulfill,  this  has  been  done  in  the 
smallest  space  possible.  The  new  material  has,  for  the  most  part,  been 
inserted  at  the  ends  of  the  several  chapters,  to  avoid,  as  far  as  possible, 
destroying  the  plates."  This  quotation  from  the  authoi's  preface  points 
to  a  conservatism  which  embraces  general  viewpoint  as  well  as  choice, 
arrangement  and  treatment  of  subject  matter.  The  style  is  pleasing, 
the  literatiu^  references  are  copious  and  the  mechanical  production  (rf 
the  book  is  excellent.  Alan  W.  C.  Mbnzibs. 
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In  Part  II  of  this  paper^  the  degree  of  dissociation  of  hydrogen  into 
atoms  has  been  calculated  from  data^  on  the  heat  losses  from  highly 
heated  wires  in  hydrogen  at  various  pressures.  In  this  calculation  it  was 
necessary  to  make  certain  assumptions  regarding  the  mechanism  of  the 
processes  occurring  on  and  arotmd  the  wire.  The  remarkable  agreement 
between  the  theory  thus  derived  and  the  experimental  results,  furnished 
ample  justification  for  the  assumptions,  but  did  not  necessarily  indicate 
tbat  the  particular  mechanism  assumed  was  the  only  one  which  would 
lead  to  similar  agreement. 

The  writer  has  recently  developed  a  theory'  of  heterogeneous  reactions 
-which  throws  a  great  deal  of  light  on  the  mechanism  of  such  reactions. 
Applied  to  the  dissociation  of  hydrogen  around  a  heated  wire,  this  theory^ 

»  Tms  Journal,  37,  417  (1915)- 

«  Part  I,  Langmuir  and  Mackay,  This  Journal,  36,  1708  (19 14). 

*  This  theory  has,  as  yet,  been  only  very  briefly  described  (This  Journal,  38, 
1 139  (1915)  and  J.  Ind.  Eng,  Chem.,  7,  348  (1915);  Phys.  Rgv.,  6,  79  (1915)).  but  wilP 
serve  as  the  basis  of  a  series  of  papers  to  appear  in  This  Journal  and  in  the  Physical 
Jieview, 
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leads  to  a  mechanism  which  may  seem  radically  different  from  that 
previously  used,  but  curiously  enough  it  results  in  an  equation  identical 
with  that  obtained  by  the  original  theory. 

The  object  of  the  present  paper  is  to  compare  the  older  and  the  newer 
theories  and  to  point  out  the  advantages  of  the  latter.  At  the  same 
time  this  will  serve  as  an  illustration  of  the  principles  of  the  new  theory 
and  will  indicate  how  it  may  be  of  use  in  the  study  of  other  heterogeneous 
reactions. 

In  the  theory  previously  described,  it  was  assumed  that  the  surface  of 
the  tungsten  wire  contained  atoms  and  molecules  of  hydrogen  in  chemical 
equilibritun  with  each  other.  The  atomic  and  molecular  hydrogen 
escaped  from  the  wire  at  rates  respectively  proportional  to  their  con- 
centrations in  the  wire,  while  the  absorption  of  the  atoms  or  molecules  by 
the  wire  was  taken  to  be  proportional  to  the  corresponding  pressures  in 
the  gaseous  phase. 

This  theory  led  to  an  equation  for  the  heat  loss  from  the  wire  which 
proved  to  be  in  excellent  agreement  with  experiments  extending  over  a 
range  of  pressiues  from  o.oi  mm.  up  to  760  mm.  and  a  range  of  tem- 
peratures from  1000  to  3500°  K.  There  are,  however,  some  serious 
objections  that  may  be  raised  against  the  assumption  that  the  wire  con- 
tains concentrations  of  atomic  and  molecular  hydrogen  in  equilibrium 
with  each  other,  and  that  these  concentrations  determine  the  rate  at 
which  hydrogen  is  .dissociated  by  the  wire.  We  shall  see,  however,  that 
the  new  theory  enables  us  to  derive  the  same  equation  without  making 
these  objectionable  assumptions. 

The  hypothesis  that  soUd  solutions  of  gases  in  metals  play  an  important 
role  in  chemical  reactions  in  contact  with  metals  is  a  common  one,  and 
usually  is  not  looked  upon  unfavorably.  But  it  is  evident  that  if  we  are 
to  retain  oiu*  ordinary  conception  of  concentration  the  reaction  must  take 
place  in  a  volume  which  contains  many  layers  of  atoms.  In  the  experi- 
ments the  range  of  concentrations  of  molecular  (or  atomic)  hydrogen  in 
the  metal  phase  must  have  been  enormous.  Thus  under  some  of  the 
experimental  conditions  the  concentrations  were  so  small  that  the  in- 
dividual atoms  or  molecules  of  hydrogen  were  certainly  separated  from 
each  other  by  hundreds  of  tungsten  atoms.  The  rapidity  of  the  reaction 
under  such  conditions  could  not  possibly  be  very  high  and  would  be 
limited  by  the  rate  of  diffusion  of  the  gas  through  the  metal. 

Yet  the  experiments  showed  clearly  that  the  velocity  with  which 
equilibrium  was  reached  on  the  surface  was  extraordinarily  high  under 
all  conditions.  In  fact,  it  was  so  high  that  practically  all  of  the  hydrogen 
atoms  and  68%  of  the  molecules  which  struck  the  surface  reached  equilib- 
rium before  leaving  it  again.  When  we  consider  that  at  atmospheric 
pressure  and  room  temperature  i.i  X  10'*  molecules  of  hydrogen  strike 
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each  square  centimeter  of  stirface  per  second,  and  that  this  number  of 
molecules  is  contained  in  about  44  liters  of  gas,  we  realize  the  enormous 
velocity  which  this  reaction  must  have.  It  is  certainly  impossible  that 
such  amounts  of  gas  per  second  could  diffuse  into  any  kind  of  solid  body 
and  thus  be  brought  to  equilibrium. 

These  considerations  compel  us  to  assume  that  the  reaction  occurs 
directly  on  the  stuface  of  the  metal  and  that  it  does  not  involve  the 
diffusion  through  a  film  even  as  thin  as  that  of  a  single  layer  of  atoms. 

A  second  difficulty  arose  in  connection  with  the  original  theory. 

At  temperatures  up  to  about  1500°  K.  the  accommodation  coefficient 
of  hydrogen  in  contact  with  tungsten  was  found  to  be  equal  to  0.19. 
In  other  words,  only  about  19%  of  all  the  hydrogen  molecules  striking  the 
filament,  reached  thermal  equihbrimn  with  it  before  leaving  it.  This 
figtu-e  was  in  good  accord  with  the  value  0.26  obtained  by  Knudsen  with 
platinum  at  room  temperattu'e,  especially  when  the  fact  was  taken  into 
account  that  accommodation  coefficients  in  general  appear  to  have  slight 
negative  temperattu'e  coefficients. 

On  the  other  hand,  at  high  temperatures,  it  was  found  that  68%  of  aD 
the  hydrogen  molecules  striking  the  filament  reached  chemical  equilib- 
rium before  leaving  it.  The  original  theory  gave  no  clue  to  the  solution 
of  the  paradox  that  68%  of  the  molecules  reached  chemical  equilibrium, 
while  only  19%  reached  thermal  equihbrium.  It  is  certainly  impossible 
that  molecules  should  reach  chemical  equilibritun  while  great  differences 
in  temperature  still  persist. 

The  viewpoint  which  has  served  as  the  basis  for  the  new  theory  was 
gradually  developed  in  quite  other  lines  of  work,  particularly  in  connec- 
tion witii  a  study  of  the  effect  of  gases  on  the  electron  emission  from 
heated  metals.^  It  was  found  that  the  electron  emission  was  dependent 
on  the  composition  of  the  actual  surface  layer  of  atoms.  The  deeper 
layers  were  apparently  without  effect.  Subsequent  work  on  gas  reactions 
at  very  low  pressures*  indicated  clearly  that  chemical  reactions  between 
a  gas  and  a  solid  depend  in  general  on  the  composition  or  structture  of  the 
outside  layer  of  atoms  of  the  soUd,  rather  than  on  the  thickness  of  an 
adsorbed  film  through  which  the  gases  diffuse. 

This  theory  has  now  been  developed  much  more  completely  than  in 
any  of  the  previously  published  work. 

It  is  definitely  known  from  the  work  of  Bragg  and  others  that  the 
atoms  of  oystals  are  arranged  according  to  space  lattices  in  such  a  way 
that  the  identity  of  molecules  is  usually  lost.  The  forces  holding  the 
crystal  together  are  thus  clearly  chemical  forces  which  act  probably  only 
between  adjacent  atoms.     On  the  surface  of  a  crystal  the  forces  tend  to  be 

*  Langmuir,  Phys.  Rev.,  a,  450  (1913);  Physik.  Z.,  15,  516  (1914)- 

*  This  Jovksal,,  37i  "39  (1915). 
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<:heinically  unsaturated,  and  atoms  or  molecules  of  gases  can  thus  be  held 
firmly  by  the  atoms  of  the  soUd.^  In  general  the  law  of  multiple  com- 
bining proportions  will  apply.  Thus  each  metal  atom  of  the  stuf ace  will  be 
capable  of  holding  a  definite  integral  number  (such  as  one  or  two)  of  atoms 
of  the  gas,  or  possibly  each  two  atoms  of  metal  may  hold  one  atom  of  gas. 
The  atoms  held  on  the  surface  in  this  way  will  form  a  part  of  the  solid 
body,  being  a  real  continuation  of  the  space  lattice  of  the  solid.  This 
layer  of  atoms  (or  molecules)  on  the  surface  may  be  said  to  be  adsorbed.' 

The  surface  of  the  metal  is  thus  looked  upon  as  a  sort  of  checkerboard 
containing  a  definite  niunber,  N©  of  spaces  per  square  cm.  Each  ele- 
mentary space  is  capable  of  holding  an  atom  or  a  definite  part  of  a  mole- 
cule of  adsorbed  gas.  The  number  of  elementary  spaces,  No,  is  probably 
usually  equal  to  the  number  of  metal  atoms  on  the  surface.  But  this  is 
not  essential,  for  we  can  imagine  cases  in  which  each  metal  atom  holds, 
for  example,  two  adsorbed  atoms  or  molecules,  so  that  we  should  then 
have  twice  as  many  elementary  spaces  as  metal  atoms  on  the  surface. 

Let  us  now  apply  this  theory  to  the  dissociation  of  hydrogen  in  contact 
with  a  heated  tungsten  wire.  We  will  first  calculate  the  rate  at  which 
atomic  hydrogen  condenses  on  the  bare  surface  when  atomic  hydrogen 
at  a  presstu-e  p  stu-rounds  the  wire. 

The  number  of  grams  of  gas  which  strikes  a  sq.  cm.  of  surface  per 
second  is 


m 


ViFST^  <■> 


Let  /I  represent  the  number  of  gram  molecules  of  gas  striking  a  sq.  cm. 
per  second.    Then  /i  =  m/M  or 

Expressing  p  in  bars,'  and  placing  R  —  83.15  X  10*  ergs  per  degree, 
this  reduces  to 

p 
M  =  43.75  X  io-«  ;^=.  (3) 

^  Haber  (/.  Soc.  Chem.  Ind„  33,  50  (1914)  and  Z.  Elektrockem.,  30,  521  (1914)) 
has  suggested  on  the  basis  of  Bragg's  theory,  that  adsorption  may  be  the  result  of  un- 
saturated chemical  forces  at  the  surface  of  a  solid  body.  Haber,  however,  only  con- 
siders the  force  causing  adsorption  and  does  not  take  into  account  that  the  amount  of 
adsorption  depends  on  a  kinetic  equilibrium  between  the  condensation  and  the  evapofa- 
tion  of  molecules. 

*  In  a  paper  to  appear  shortly  in  the  Physical  Review  this  theory  of  adsorptioD 
will  be  developed  in  more  detail.  Preliminary  accounts  have  already  been  published 
in  This  Journal  and  in  the  Physical  Review  {Lac,  cit,). 

•  The  bar  is  the  C.  G.  S.  unit  of  pressure,  one  dyne  per  sq.  cm.  One  million  bars 
or  one  megabar  is  equal  to  750  mm.  of  mercury,  which  is  more  nearly  average  atmos- 
pheric pressure  than  the  760  mm.  usually  used. 
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By  applying  this  equation,  we  can  readily  calculate  the  rate  at  which 
atomic  hydrogen  (M  =  i)  comes  into  contact  with  each  square  centimeter 
of  sttrface.  The  rate  at  which  the  gas  condenses  to  form  a  layer  (one 
atom  deep)  on  the  surface  will  be  less  than  the  rate  at  which  it  strikes 
the  surface  for  two  reasons.  In  the  first  place,  only  a  fraction  a  of  the 
atoms  which  strike  the  bare  surface  condenses,  while  the  fraction  i  —  a 
is  reflected.  Secondly,  as  the  siuiace  becomes  covered  with  hydrogen 
atoms,  many  atoms  will  strike  portions  of  the  surface  already  covered.^ 
Let  B  represent  the  ratio  of  the  number  of  vacant  elementary  spaces 
to  the  total  number  of  spaces.  N©.  Thus  B  is  the  fraction  of  the  surface 
which  is  bare.  The  rate  at  which  atomic  hydrogen  condenses  on  the 
surface  is  thus  equal  to  0^/4. 

Consider  the  case  of  hydrogen  molecules  condensing  on  the  siuiace. 
If  each  hydrogen  molecule  occupies  only  one  elementary  space,  then  the 
rate  of  condensation  will  still  be  given  by  the  product*  aB\i. 

If,  on  the  other  hand,  each  hydrogen  molecule  should  occupy  two 
elementary  spaces,  then  the  rate  at  which  molecular  hydrogen  would 
condense  on  the  surface  is  equal  to  o^^/a.  The  exponent  2  for  the  quantity 
^  is  due  to  the  fact  that  two  adjacent  spaces  must  be  vacant  simultaneously, 
in  order  that  the  molecule  may  condense.  The  chance  that  a  given  space, 
towards  which  a  gas  molecule  may  be  moving,  shall  be  vacant,  is  %, 
The  chance  that  two  given  spaces  shall  be  simultaneously  vacant  is  B\ 

The  adsorbed  atoms  or  molecules  on  the  siuiace  evaporate  at  a  definite 
rate.  Let  the  rate  of  evaporation  in  gram  molecules  per  sq.  cm.  per 
second  from  a  completely  covered  surface,  be  represented  by  v.  If  B\ 
is  the  fraction  of  the  stuf ace  which  is  covered  by  the  atoms  or  molecules 
in  question,  then  the  actual  rate  at  which  the  hydrogen  evaporates  is  vBx, 

In  considering  the  mechanism  of  the  dissociation  of  hydrogen  in  con- 
tact with  a  heated  wire,  we  may  make  two  alternative  hypotheses. 

First  Hypothesis. — Hydrogen  exists  on  the  siuiace  in  the  form  of  atoms 
only.  Molecules,  formed  by  the  combination  of  adjacent  atoms,  leave 
the  siuiace  immediately. 

Second  Hypothesis. — ^Hydrogen  can  exist  on  the  surface  in  either  molec- 
ular or  atomic  condition. 

First  Hypothesis. 

We  assume  that  out  of  all  hydrogen  atoms  striking  a  bare  surface,  the 
fraction  a\  condenses  and  that  the  corresponding  fraction  for  the  mole- 
cules is  02. 

^  There  is  good  reason  to  believe  that  even  the  hydrogen  atoms  which  strike  a 
surface  already  covered  condense.  But  the  rate  of  evaporation  of  the  atoms  from  such 
A  surface  is  so  much  higher  than  that  from  a  bare  surface  that  the  ntunber  of  atoms 
in  the  second  layer  is  probably  negligible  in  comparison  with  that  in  the  first. 

*  In  calculating  ju  in  this  case  by  (i)  the  value  M  »  2  will  have  to  be  used  instead 
-of  M  «  I, 
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Let  CO  be  the  velocity  with  which  the  dissodation  of  hydrogen  is  brought 
about  by  the  heated  wire.  We  shall  express  <a  in  gram  molecules  di 
hydrogen  (H2)  dissociated  per  second  per  sq.  cm.  of  surface. 

The  rate  at  which  atomic  hydrogen  leaves  the  wire  is  v^\.  The  rate 
at  which  it  is  taken  up  by  the  wire  is  oiiOyLx,  The  net  rate  at  which  it 
is  produced  is  the  difference  between  these  two,  and  this  must  be  equal 
to  2«.  The  coeflScient  2  is  due  to  the  fact  that  two  atoms  of  hydrogen  are 
produced  from  each  molecule.    We  thus  obtain  the  equation 

20)  -  vA  —  aiBni.  (4) 

In  a  similar  way  we  may  consider  the  role  played  by  the  molecular 
hydrogen.  Since  we  have  assumed  that  molecular  hydrogen  does  not 
exist  as  such  on  the  sinf ace,  each  molecule  condensing  on  the  surface  must 
fill  two  adjacent  elementary  spaces  as  two  separate  atoms.  The  rate  at 
which  molecular  hydrogen  is  removed  by  condensation  on  the  heated  wire 
is  thus  arf^Ma  gram  molecules  per  sq.  cm.  per  second.  This  process  will 
be  reversible.  That  is,  adjacent  hydrogen  atoms  on  the  surface  may  com- 
bine together  to  form  molecular  hydrogen  which  then  escapes  from  the  sur- 
face. The  rate  at  which  this  occurs  will  evidently  be  1^1*,  since  the  chance  <rf 
two  hydrogen  atoms  occupying  adjacent  positions  will  be  proportional  to 
^1*.  The  coeflSdent  i^  is  the  rate  of  evaporation  when  the  surface  is 
wholly  covered  by  atomic  hydrogen  (^1  =  i). 

The  difference  between  the  two  rates  will  be  equal  to  ea,  the  rate  at 
which  molecular  hydrogen  disappears.    Thus  we  obtain 

«  =  ai^Mj  —  v^^.  (5) 

The  fractions  B  and  Bi  must  fulfill  the  condition^ 

^  +  ft  -  I.  (6) 

These  three  equations,  4,  5  and  6,  enable  us  to  calculate  the  equilib- 
rium constant  in  the  gas  phase  in  terms  of  the  quantities  ai,  a%,  y\  and  n- 

There  are  several  possible  definitions  of  the  equilibrium  constant,  as 
follows: 

K^  «  piVp^  (7) 

K,  »  ci^/ct  (8) 

K^  -  MiVmi  (9) 

Here  pi  and  pi  are  the  partial  pressure  of  atomic  and  molecular  hy- 
drogen in  equilibrium  with  each  other,  while  Ci  and  cs  are  the  cone- 
sponding  concentrations.    The  third  equilibrium  constant  K^  as  defined 

^  Provided  the  surface  iff  perfectly  clean.  The  presence  of  a  ggs  (othenrise  inert) 
which  is  strongly  adsorbed  on  the  surface  will  c&use  the  larger  portion  of  the  sarfaet 
to  be  covered  with  inert  molecules  (or  atoms).  Thus  the  Equation  6  becomes  9  -h  ^  * 
X  —  Bi  where  $t  represents  the  fraction  of  the  surface  covered  by  the  inert  substaooe. 
This  theory  of  catalytic  poisons  will  be  developed  in  subsequent  papers. 
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by  (9)  will  be  found  very  convenient  in  dealing  with  heterogeneous  re- 
actions.   Since  p  «  cRT  the  relation  between  K^  and  K^  is 

Kp  =  RTK,.  (10) 

Similarly,  from  (2)  we  obtain,  since  M2  =  2,  and  Mi  =  i 

K^  =  K^/V;?Rf  =  K,VRTA.  (ii) 

In  order  to  find  the  value  of  K^  we  place  w  =  o  which  is  evidently 
the  condition  for  equilibrium.     Equations  4  and  5  then  reduce  to 

« -  :^-  <") 


Whence  by  (9) 


(14) 


It  should  be  noted  that  B  and  ^i  cancel  out  in  the  derivation  of  this 
equation. 

Since  the  factors  a  and  v  are  not  functions  of  the  pressure,  Equation 
14  expresses  the  law  of  mass  action,  which  in  this  case  follows  auto* 
matically  as  a  consequence  of  the  mechanism  we  have  assumed.  From 
Equations  4  and  5  we  can  determine  the  values  of  the  two  factors  in  the 
second  member  of  (14).    Thus 

11  «  «i  ^  ^'^^  (15) 

ctx 

Substituting  these  in  (14)  gives 


20) 

ai 

+  e^i 

Oi 

B'Mi 

1  — 

»i» 

i- 

+ 

2«\» 

K,  = ^.  (17) 


The  value  of  6  may  be  found  by  solving  (4)  and  (6)  as  simultaneous 
equations.    We  thus  obtain 

yi  +  otini        I  +  aini/vi     . 
The  two  Equations  17  and  18  give  us  a  complete  solution  of  our  prob- 
lem.   They  enable  us  to  calculate  the  dissociation  constant  K^  in  terms 
of  ai,  as,  vi  and  experimentallykietermined  values  of  <a. 

Second  Hypothesis. 
In  this  h3rpothesis  we  asstune  that  hydrogen  molecules  striking  the 
stuiace  condense  as  such,  each  molecule  occupying  only  one  elementary 
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Space.    The  atoms  which  strike  the  surface  condense  as  atoms.    Inter- 
action between  the  atoms  and  molecules  on  the  surface  occurs. 

The  rate  of  condensation  of  atomic  hydrogen  is  aidm  while  the  rate 
at  which  it  evaporates  from  the  surface  is  viBi.    Hence  we  have 

20)  =  viBi  —  aidfi,  (19) 

This  is  identical  with  Equation  4,  The  rate  of  condensation  of  molec- 
ular hydrogen  is  a^ti2  whereas  the  rate  of  evaporation  is  vA-  This 
gives 

09  «  a^fit  —  j*A.  (20) 

The  rate  at  which  hydrogen  atoms  combine  will  be  proportional  to  the 
square  of  61,  since  the  chance  that  two  atoms  shall  be  in  adjacent  spaces 
is  proportional  to  $1^.  We  may  thus  place  the  rate  of  formation  of 
molecular  hydrogen  from  the  atoms,  equal  to  /SA*  where  /3i  is  the  rate  of 
formation  when  the  stuiace  is  wholly  covered  with  atomic  hydrogen. 

The  rate  at  which  hydrogen  molecules  dissociate  into  atoms  on  the 
surface  will  be  proportional  to  the  product  of  0  by  ^2  since  a  hydrogen 
molecule  must  be  adjacent  to  a  vacant  space  in  order  that  it  can  dissociate. 
The  chance  that  a  hydrogen  molecule  and  a  vacant  space  shall  be  adjacent 
to  each  other  is  evidently  proportional  to  $$t.  We  may,  therefore^ 
place  the  rate  of  dissociation  of  hydrogen  equal  to  jSj^. 

We  thus  obtain  a  third  equation 

0)  «=  P^  —  /3A«.  (21) 

Finally  we  have  the  condition  (in  the  absence  of  catal3rtic  poisons) 

e  +  ei  +  et"  I.  (22) 

If  we  substitute  co  »  o  in  Equations  19,  20  and  21,  we  obtain  the 
values  of  /xi»  Mi>  etc.,  corresponding  to  equilibrium  conditions. 

-  -^^  (a3) 

(24) 


(26) 

(27) 
(28) 

Google 


"'       are' 

vA 
'^^^' 

fix     ee. 

Substituting  (23)  and  (24)  in  (9) 

From  (19)  we  obtain 

Pi    _  Ofxi  +  2u)/ai 
ai                 01    I 

and  from  (20) 

V2        0fJi^  —  (a/ at 
cct                0t 
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while  (21)  and  (25)  give 

ft        6&i 


or 


From  (19)  we  obtain 
and  from  (20) 


g=^(i-«//S.Wi)  (29) 

§  =  Sr  <*  +  "/"**»*>•  (30) 

Pi         Wj 

(?i  =  —  0*1  +  W«i^)  (31) 

^1 

^  =  ^  Qi^  —  a>/a^).  (32) 

By  combining  (26),  (27),  (28),  (30)  and  (31),  we  obtain 

K  _('"  +  S)'  +  (5)'l' 

Similarly,  from  (26),  (27),  (28),  (29)  and  (32) 


i"-^)' 


(34) 


The  Equations  33  and  34  are  different  forms  of  the  same  ftmdamental 
equation. 

By  substituting  (31)  and  (32)  in  (22),  and  solving  for  d  we  find 

^  *  — :r?: — ^..-  ^5) 

These  last  three  equations  furnish  a  complete  solution  of  our  problem 
in  the  case  of  the  second  hypothesis. 

Comparifion  with  the  Older  Theozy. 

It  will  be  interesting  to  compare  the  results  obtained  by  each  of  the 
above  hypotheses,  with  those  found  by  the  theory  developed  in  Part  II 
of  this  paper.  The  Equations  21  and  26,  of  Part  II  (page  427),  corre- 
spOQd  to  the  Equations  17  and  33  derived  above.  However,  since  the 
nomenclature  previously  used  differs  from  that  employed  here  it  will  be 
i^orth  while  to  go  through  the  derivation  of  the  older  equation  again  by  a 
method  which  will  bring  out  clearly  the  difference  between  the  two  view- 
points. 

It  is  assumed  that  out  of  all  the  atoms  striking  the  surface,  the  fraction 
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ai  is  absorbed  by  the  metal,  whereas  for  the  molecules  the  eorrespondiiig 
fraction  is  aa.  It  is  assumed  further  that  the  surface  of  the  metal  con- 
tains  hydrogen  molecules  and  atoms  in  equilibrium  with  each  other. 
Let  vi  and  vt  be  the  rates  at  which  atomic  and  molecular  hydrogen,  re- 
spectively, escape  from  the  surface. 
We  may  thus  derive  the  equations 

2<a  =  vi  —  aifxi  (36) 

«  =  o^  —  Vi,  (37) 

from  which  we  obtain 

n  =  2ft)  +  aijLii  (38) 

y%  =  cigfi%  —  «.  (39) 

It  is  assumed  that  the  equihbrium  inside  the  metal  obejrs  the  law  of 
mass  action,  so  that  the  concentration  of  molecular  hydrogen  is  pro- 
portional to  the  square  of  the  concentration  of  atomic  hydrogen.  It  is 
further  assumed  that  the  rates  at  which  each  of  the  gases  escapes  from  the 
surface,  is  proportional  to  the  corresponding  concentration  in  the  metal. 
Thus,  vi^/vi  is  a  constant  proportional  to  the  equilibrium  constant  in  the 
metal.  Let  this  constant  be  represented  by  A.  Then  we  have  by  (38) 
and  (39) 

A  -  (2lAfL±^^  (^) 

(cwu  —  «)  ^ 

When  equilibrium  exists  in  the  gas  |Aase,  we  may  place  01  =  0  and  thus 

find 

A  =  5aV  .  ^* 

ottfn  or       '^ 

Combining  (41)  and  (40)  gives 

K,  -  y— ^.  (4.) 

This  is  the  equation  which  was  derived  in  Part  II  and  which  was  found 
to  be  in  excellent  agreement  with  the  results  of  the  experiments.  In 
fact,  we  may  look  upon  this  equation  as  having  been  proved  correct  by 
the  experiments. 

When  we  compare  this  equation  with  (17),  which  was  calculated  by  the 
ist  h3rpothesis,  we  see  that  the  two  become  identical  if  we  place  ^  «=  i. 
We  see  by  (18)  that  this  condition  will  be  fulfilled  if  »i  is  very  laxge,  com- 
pared to  aim  and  w.  We  may  thus  conclude  that  the  fiist  hypothesis  is 
entirely  in  agreement  with  the  experiments  if  we  assume  theit  vu  the 
rate  of  evaporation  of  hydrogen  from  the  surf  ace,  is  so  high  that  only  a 
•mall  fraction  of  the  stuiace  remains  covered. 

If  we  compare  Bquation  42  with  33  and  34,  we  see  that  they  become 
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identical  if  we  take  ^  =  i  while  fii  and  fit  are  taken  to  be  very  large. 
This  last  requirement  means  the  velocity  with  which  adjacent  hydrogen 
atoms  or  molecuks  interact  or  dissociate  must  be  very  large  compared 
to  that  at  which  they  evaporate.  This  is  equivalent  to  assuming  that 
equilibritun  exists  between  the  atoms  and  molecules  on  the  surface. 
Thus  we  see  that  the  second  hypothesis  is  also  in  accord  with  the  experi- 
ments if  the  rate  of  evaporation  is  assumed  to  be  so  high  that  only  a  small 
fraction  of  the  surface  is  covered. 

The  experiments  thus  do  not  enable  us  to  decide  between  the  two 
hypotheses.  In  fact,  it  is  also  possible  by  means  of  slightly  different 
hypotheses  from  those  described  here  to  obtain  the  same  equation. 

But  all  these  hypotheses  have  this  in  common:  they  lead  to  the  con- 
clusion that  only  a  small  fraction  of  the  sinf ace  is  covered  with  hydrogen 
atoms  or  molecules,  and  that  the  reaction  is  not  dependent  upon 
phenomena  occurring  within  the  stuiace  of  the  metal. 

This  conclusion  that  only  a  small  fraction  of  the  surface  is  covered 
with  hydrogen  is  confirmed  by  other  facts. 

We  have  seen  that  the  accommodation  coeflScient  of  hydrogen  in  contact 
with  tungsten  at  relatively  low  temperatiu*es  is  about  19%,  whereas  at 
high  temperatures  68%  of  the  molecules  which  strike  the  filament  reach 
chemical  equilibrium.  The  explanation  of  this  apparent  paradox,  ac- 
cording to  the  new  theory,  is  t^at  the  surface  of  the  tungsten  is  largely 
covered  by  adsorbed  hydrogen  at  the  lower  temperatures,  whereas  at  the 
higher  temperatiu'es  it  is  practically  bare.  The  19%  thus  corresponds  to  the 
fraction  of  molecules  which  condenses  when  they  strike  a  stnf ace  already 
covered  with  hydrogen,  while  the  68%  represents  the  fraction  condensing 
on  a  bare  surface. 

Another  fact  which  proves  nearly  conclusively  that  the  siuf ace  of  a 
highly  heated  tungsten  wire  is  not  covered  to  an  appreciable  extent  by 
hydrogen  is  that  the  electron  emission  from  tungsten  is  not  perceptibly 
influenced  by  the  presence  of  pure  hydrogen.^  A  large  amount  of  un- 
published work  in  this  laboratory  has  demonstrated  that  the  electron 
emission  affords  an  extraordinarily  sensitive  method  of  detecting  the 
presence  of  a  film  of  adsorbed  material,  so  thin  that  it  only  partly  covers 
the  surface  with  a  layer  one  atom  deep.  Some  of  this  evidence  will  soon 
be  published. 

In  subsequent  papers,  the  theory  of  heterogeneous  reactions  here  out- 
lined, will  be  applied  to  a  large  ntunber  of  reactions.  It  will  be  shown 
that  the  equations  derived  by  Fink,  in  his  work  on  the  contact  sulfuric 
add  process,  may  also  be  derived  by  the  new  theory,  and  that  definite 
proof  that  the  mechanism  postulated  by  Bodenstein  and  Fink  cannot 
-apply  in  this  work  may  be  adduced  from  the  experiments  themselves. 
»  Langmuir,  Phys.  Zeit.,  15,  523  (1914)- 
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The  work  of  Bodenstein  and  Ohlmer  on  the  reaction  between  carboa 
monoxide  and  oxygen  is  also  in  quantitative  agreement  with  the  new 
theory.  Other  cases,  including  several  studied  experimentally  in  this 
laboratory,  will  also  be  discussed. 

Summary. 

1.  The  velocity  of  the  reaction  by  which  hydrpgen  is  dissociated  in 
contact  with  a  heated  timgsten  wire  is  so  enormous  that  it  definitely 
proves  that  the  reaction  cannot  depend  upon  a  diffusion  of  hydrogen 
into  the  metal  even  if  the  depth  of  penetration  should  be  only  that  of  a 
single  atom. 

2.  A  general  theory  of  heterogeneous  chemical  reactions  is  outlined 
in  which  the  reaction  is  assumed  to  take  place  in  the  actual  surface  layer 
of  atoms. 

3.  This  theory  is  worked  through  in  detail  for  the  case  of  the  dissocia- 
tion of  hydrogen.  It  leads  to  equations  which  become  identical  with  that 
previously  derived  by  other  methods,  when  it  is  assumed  the  hydrogen 
evaporates  so  rapidly  from  the  surface  that  only  a  negUgible  fraction 
of  the  siuface  is  covered  at  any  time.  This  equation  has  already  been 
shown  to  be  in  full  agreement  with  the  experiments  (Parts  I  and  II). 

4.  The  conclusion  that  very  little  of  the  surface  is  covered  is  in  good 
accord  with  the  fact  that  the  accommodation  coelBScient  of  hydrogen  is 
0.19  at  temperatiu'es  below  1500°  K.,  while  the  "chemical"  accommoda- 
tion coefficient  as  for  the  dissociation  of  hydrogen  is  0.68  at  high  tem- 
peratures. 

5.  The  fact  that  the  electron  emission  from  heated  tungsten  is  not 
affected  by  the  presence  of  piu-e  hydrogen  is  additional  evidence  that  the 
fraction  of  the  sinface  covered  by  hydrogen  atoms  or  molectdes  must  be 
very  small. 


ACCURACT  OF  COPPER  VOLTAMETERS. 

By  Aswznz  Kumam  Datta  amd  Nzi«satan  Dhar. 
Received  March  21,  1916. 

When  a  ciurent  of  moderate  strength  is  to  be  measured  by  the  copper 
voltameter  the  results  given  by  it  agree  with  those  obtained  from  the  silver 
voltameter  of  Rayleigh's  form^  improved  upon  by  Richards*  and  his  pupils. 
Richards  considers  that  the  improved  sUver  voltameter  can  be  relied 
upon  to  one  part  in  ten  thousand  or  more.  The  silver  voltameter  is  there- 
fore a  very  good  register  of  cturent  and  we  are  quite  justified  in  judging 
the  accuracy  of  a  copper  voltameter  by  comparing  its  results  with  those 
of  the  standard  silver  voltameter.      When  very  feeble  currents  are  mea- 

» Phil.  Trans.,  175,  II.  411  (1884). 
*  Z.  physik.  Ckem.,  32,  321  (1900). 
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sured  by  the  copper  voltameter  it  is  found,  as  a  rule,  that  the  values  ob- 
tained from  it  are  lower  than  those  obtained  from  the  standard  silver 
voltameter.  With  a  view  to  remove  these  difficulties  and  to  find  the  prob- 
able causes  of  the  inaccuracy  this  investigation  was  tmdertaken.^ 

The  arrangement  of  the  apparatus  was  as  usual.  The  street  main 
was  used  as  the  sotu-ce  of  current.  A  liquid  resistance  was  put  in  the  cir- 
cuit, which  was  adjusted  till  the  milliameter  used  indicated  the  desired 
current.  The  surface  of  the  copper  cathode  was  6  sq.  cm.  A  slow  ciu-- 
rent  of  carbon  dioxide  was  bubbled  through  the  solution  in  the  volt- 
ameter. The  current  was  generally  passed  for  2  V2-3  V«  hours,  after  which 
the  copper  cathode  and  the  platinum  bowl  with  their  deposits  were  care- 
fully washed,  dried  and  weighed.  It  was  noticed  incidentally  that  the 
silver  nitrate  solution  used  in  the  platinum  bowl  lost  in  strength  after  a 
few  days'  use,  probably  due  to  partial  reduction  from  organic  matters, 
when  the  silver  deposit  would  become  loose  and  so  the  solution  had  to  be 
changed  from  time  to  time  in  order  to  get  a  compact  deposit  which  could 
easily  be  washed  without  any  loss  of  silver  deposit. 

The  solution  generally  used  in  the  copper  voltameter  is  that  indicated 
by  Oettel,*  which  is  as  follows:  150  g.  copper  sulfate,  50  g.  sidfiuic 
add,  50  g.  alcohol,  1000  g.  water.  First  of  all  we  tried  the  effect  of  adding 
sulfuric  acid  to  the  solution.  18.75  g-  of  recrystallized  copper  sulfate 
were  dissolved  in  125  cc.  water  (Oettel's  quantity)  and  gradually  added 
small  quantities  of  add  (sp.  gr.  1.745).  The  current  was  kept  constant 
and  was  10  milHamperes.  The  current  density  is  therefore  0.0017  ampere 
per  sq,  cm. 

TaBLS  I. — ^RSSULTS  OP  EXPBRIMBNTS. 
Copper  deposit. 


cid  added. 
Cc. 

Silver 
deporit. 

Pound. 

Calculated. 

Percent. 

0 

.... 

C11  electr.  blackened. 

0.5 

0  0873 

0.0228 

0.02572 

II 

I 

0.0834 

0.0226 

0.02458 

8 

2 

0.0958 

0.0261 

0.02823 

7 

3 

0.0633 

0.0174 

0.01865 

6.7 

4 

0.0958 

0.0263 

0.02823 

6.9 

5 

0.0769 

0.0208 

0.02266 

8.2 

Thus  it  is  found  that  small  addition  of  sulfuric  add  improves  the  result. 
The  best  effect  is  produced  by  the  addition  of  3-4  cc.  of  the  strong  add 
in  125  cc.  of  the  solution.     Oettel's  quantity  3.6  cc. 

The  current  strength  was  now  varied  to  find  the  range  in  which  we  can 
get  good  results  by  using  a  solution  of  copper  sulfate  and  sulfuric  add 
only. 

»  Cf.  Dhar,  Z.  ELektrochem.,  19,  746  (1913). 
»  Ckem,  Ztg.,  17,  543.  577  (1893). 
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Tart.k  II, 

Current 
dttdty. 

saver 

d«p«at,  f . 

Brror. 
Percent. 

Pound,  t. 

CalettUted.g. 

0.0033 

0.1872 

0.0550 

0.05513 

0.25 

0.0025 

0.1684 

0.0486 

0.0496 

2.0 

0.0013 

0.0805 

0.0207 

0.0237 

12 

O.OOIX 

0.0492 

0.0126 

0.0145 

13 

0.0007 

0.0440 

0.0107 

0.0129 

17 

0.0003 

0.0308 

0.0068 

0.0091 

27 

It  is  evident  from  the  results  of  Table  II  that  with  current  densities 
above  0.0025  ampere  per  sq.  cm.  we  get  accurate  results  even  without 
using  alcohol.  As  the  current  density  falls  the  inaccuracy  increases 
rapidly  and  reaches  as  much  as  25%  with  a  current  density  of  0.0003 
ampere  per  sq.  cm.  With  alcohol  we  get  much  better  results  but  they 
are  still  unsuited  for  accurate  work.^  We  now  tried  for  obtaining  a  better 
substitute  for  alcohol  and  experimented  with  various  substances.  As 
a  result  of  this  we  found  that  cane  sugar  and  glucose  can  serve  the  pur- 
pose of  alcohol  equally  well  and  that  tartaric  acid  is  a  decidedly  better 
substitute  as  the  following  results  will  show.  Diuing  the  course  of  these 
experiments  the  current  was  kept  fairly  constant  and  was  about  7  milli- 
amperes,  the  current  density  being  about  0.00 11  ampere  per  sq.  cm. 

Tabi3  III. 

Copper  depodt. 


Cane  sugar 
added. 
Grama. 

surer 
deposit,  g 

0.0 

0.0805 

2.0 

0.0731 

4.0 

0.0788 

6.3 

0.0819 

8.5 

0.0742 

10.6 

0.0908 

14.0 

0.0746 

16.0 

0.0706 

21.0 

0.0649 

30.0 

0.0858 

Found. 

0.0207 

0.0x95 

0.0219 

0.0231 

0.02II 

0.0261 

0.0217 

0.0205 

0.0188 

0.0239 

The  results  decidedly  improve  with  the  addition  of  cane  sugar.  The 
best  results  are  obtained  when  15-20  g.  of  sugar  are  added  per  125  cc. 
solution.     With  alcohol  results  of  similar  accuracy  are  obtained.* 

Tablb  IV. 

Copper  depoait. 


Calculated. 

Percent. 

0.02372 

13.0 

0.02154 

9.5 

0.02322 

5.6 

0.024x3 

4.3 

0.02186 

3.5 

0.02676 

2.5 

0.02198 

1.7 

0.02080 

1.4 

0.019x2 

1.7 

0.02528 

5.0 

Glucose  added.         Silver 
Orams.             deposit,  g. 

Pound. 

Calculated. 

Brror. 
Percent. 

2                   0.0852 

0.0230 

O.02511 

8.0 

5                   0.0772 

0.0219 

0.02275 

3.7 

8                  0.0913 

0.0262 

0.02690 

2.6 

10                 0.0746 

0.0215 

0.02198 

2.2 

14                  0.0694 

0.0200 

0.02045 

2.2 

X5                0.0821 

0.0236 

0.024x9 

2.4 

1  Z.  EleJUrochem,,  19,  746  (i9i3)- 

*Ibid.,  I9i  746  (1913). 
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Here  also  we  find  glucose  to  have  almost  sin;iaar  eflFect.  The  quantity 
required  is  about  half  that  of  cane  sugar,  as  might  be  expected  from  its 
molecular  weight. 

Tablb  V. 


Ttf  twic  add 
added. 
Qrftins. 

SUver 
depodt.  «. 

Copper  depoflit. 

Brror. 
Per  cent. 

Pound. 

Calculated. 

0.0 

0.0795 

0.0201 

0.02343 

12.4 

2.0 

0.0744 

0.0204 

0.02192 

6.8 

4.8 

0.0537 

0.0149 

0.01582 

3.7 

6.8 

0.0750 

0.02II 

0.02210 

4.7 

9.0 

0.0798 

0.0226 

0.02351 

3.8 

II. 0 

0.0693 

0.0198 

0.02042 

2.9 

13.0 

0.0907 

0.0260 

0.02673 

2-7 

18.0 

0.0858 

0.0248 

0.02528 

1.9 

23.0 

0.0970 

0.0283 

0.02858 

I.O 

25.0 

0.0981 

0.0287 

0.02891 

0.73 

28.0 

0.0635 

0.0186 

0.01871 

0.59 

32.0 

0.0967 

0.0280 

0.02849 

0.98 

Here  we  have  a  decided  improvement.  With  the  addition  of  only  2  g. 
of  tartaric  acid  the  error  falls  from  12%  to  7%  and  then  it  gradually 
diminishes  with  the  increment  of  tartaric  acid  added.  With  the  addition 
of  20-35  ?•  of  tartaric  add  the  error  is  less  than  one  per  cent. 

Under  these  conditions  we  tried  to  vary  the  concentration  of  copper  sulfate 
but  found  that  OetteVs  concentration  gave  the  best  results. 

Now  we  substituted  hydrogen  for  carbon  dioxide.  The  experiments 
were  carried  out  in  a  closed  cell.  The  voltameter  cell  was  closed  with  a 
cork  fitted  with  two  glass  tubes.  Through  one  tube  a  slow  current  of 
hydrogen,  after  being  passed  through  two  wash  bottles  containing  potas- 
-sium  permanganate  solution  and  pxu-e  water,  respectively,  was  bubbled 
and  the  other  served  as  an  exit  tube  for  the  gas. 

Tablb  VI. — Passing  Hydrogbn  through  Eutctrolttb. 

Copper  depoeit. 

' * »  Error. 

Silver  deposit,  g.  pMUid.  CalctdaMd. '  Per  cent. 

0.0924  0.0270  0.02722  0.8 

0.0938  0.0275  0.02774  0.9 

O.1416  0.0414  0.04173  0.7 

No  decided  improvement  is  observed  here  by  using  hydrogen  for  carbon 
dioxide  and  using  a  closed  cell  and  the  error  is  as  before  about  1%. 

The  experiments  were  now  conducted  at  about  o®.  The  closed  cell 
was  surrotmded  by  ice. 

Blbctrolytb  at  o". 

Copper  deposit. 

Brror. 

1  Practically 


saver  deposit,  g. 

Potmd. 

Calculated. 

0.0854 

0.0252 

0.02517 

0.1382 

0.0406 

0.04073 

O.IO13 

0.0299 

0.02985 

nil 
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Summary. 

From  the  above  investigation  we  arrive  at  the  following  results: 
It  is  immaterial  whether  we  conduct  the  experiments  in  an  atmosphere 
of  carbon  dioxide  or  hydrogen.     Their  function  is  only  to  exclude  air  and 
hence  prevent  the  access  of  oxygen  into  the  voltameter. 

Sulfiuic  add  is  essential  for  ensuring  a  good  result.  It  prevents  the  hy- 
drolysis of  the  copper  sulfate  solution,  which  would  cause  a  deposition  of 
cuprous  and  cupric  oxide  on  the  cathode.  It  also  diminishes  the  concen- 
tration of  the  copper  ions  in  the  solution,  due  to  the  increase  of  SO4' 
ions  and  also  due  to  the  formation  of  complex  copper  salts  as  indicated 
by  the  equation^ 

H,S04  +  CUSO4  — ►  H,Cu(S04)i- 

Cane  sugar  and  glucose  can  be  substituted  for  alcohol  with  equal  effi- 
cacy and  tartaric  add  is  a  decidedly  better  substitute  and  with  it  we  can 
get  good  results  even  with  feeble  current  strength. 

It  has  been  observed  by  Foerster  and  Sddel,^  Abel  and  others  that  copper 
sulfate  solution  appreciably  dissolves  copper  and  this  dissolution  depends 
greatly  on  the  concentration  of  copper  ions  in  the  solution,  and  also  (m 
the  temperatiu'e,  higher  temperature  favoring  the  dissolution.  The 
action  is  more  pronotmced  in  presence  of  sulfuric  add  which  we  add  to 
prevent  hydrolysis.  In  measuring  high  currents  this  does  not  materially 
effect  the  results  of  the  experiments  as  the  copper  deposition  is  rather 
rapid,  while  in  case  of  measuring  feeble  current  the  copper  is  deposited 
very  slowly  and  the  copper  sulfate  solution  finds  suffident  time  to  dis- 
solve it  appredably.  The  dissolution  of  copper  in  this  way  can  be  very 
much  lessened  by  diminishing  the  concentration  of  the  copper  ions  in  the 
copper  sulfate  solution.  The  improvement  made  by  the  addition  of  tar- 
taric add  is  probably  due  to  its  forming  a  very  good  complex  with  copper 
ions  and  thus  diminishing  the  concentration  of  the  copper  ions.  Functions 
of  alcohol,  sugar  and  glucose  are  probably  the  same  as  they  are  also  known 
to  form  complexes  with  copper  salt.  This  dissolution  of  copper  is  ham- 
pered by  fall  of  temperatiu-e  and  so  we  got  better  results  by  surrounding 
the  voltameter  with  ice.  The  low  temperature  also  diminishes  hydrol3rsis. 
But  here  also  we  have  a  limit.  We  cannot  measure  extremely  feeble 
currents  with  fair  accuracy,  for  in  this  case  the  deposit  of  copper  is  so 
very  slow  that  the  small  concentration  of  copper  ion  evolved  from  the 
complex  is  sufficient  to  vitiate  the  result  though  very  sHghtly  by  dissolving 
a  little  of  the  freshly  deposited  copper. 

Pbtbico-Chemicai,  Labosatoky,  Pkssedbnct  Coujtos.  Calcutta. 

IlCFBKXAL   COIASOS   OF   SCXBNCB.  LONDON. 

»  Cf.  Gray,  Phil.  Mag,,  22,  400  (1886). 

2  Z,  anorg.  Chem.,  14,  106  (1897);  Abel,  Ibid.,  26,  1901. 
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[ComnuBimoN  prom  tbb  DbpaktmK4T  op  Chemistry  op  ths  Uniybrsity  of 

Wisconsin.] 

THE  EFFECT  OF  DISSOLVED  SUBSTANCES  ON  THE  VELOCITY 
OF  CRYSTALLIZATION  OF  WATER.   H.  THE  EXISTENCE 
OF  HYDRATES  IN  SOLUTION  AS  AN  EXPLANA- 
TION  OF    THE    RETARDING   EFFECT    OF 
THE  SOLUTE  ON  THE  VELOCITY  OF 
CRYSTALLIZATION  OF  WATER. 

Bt  Jambs  H.  Walton  and  Albbkt  Bsamm. 
Received  Match  14,  1916. 

In  a  recent  paper  by  the  authors^  it  was  shown  that  in  the  retardation 
of  the  velocity  of  formation  of  ice  crystals  from  an  undercooled  solution 
there  is  a  relation  between  the  nmnber  of  atoms  in  a  molecule  of  the  solute 
and  its  retarding  effect.  More  recent  experiments  show  that  this  rela- 
tion does  not  always  hold  and  in  the  instances  cited  is  probably  largely 
accidental. 

The  object  of  the  present  paper  is  to  point  out  that  those  substances 
that  undergo  hydration  in  solution  to  the  greatest  extent  are  also  the  substances 
that  show  the  greatest  retarding  effect  upon  the  V.  C.  (velocity  of  crystalliza- 
tion) of  ice  from  undercooled  solutions.  The  experimental  data  that  show 
this  relationship  were  obtained  in  the  manner  described  in  the  previous 
paper.    The  restdts  are  incorporated  in  the  accompanying  tables. 

The  investigation  of  the  existence  of  compounds  of  solute  and  solvent 
in  solution  has  been  the  subject  of  much  investigation.'  By  means  of 
conductivity,  lowering  of  the  freezing  point  and  other  meastu'ements, 
Jones'  and  his  students  have  obtained  data  that  show  the  relative  amoimts 
of  hydration  that  many  salts  undergo  in  solution.  Beginning  with  those 
salts  that  are  least  hydrated,  the  following  list  shows  the  relative  hydra- 
tion of  some  of  the  more  common  chlorides:  (NaCl,  NH4CI,  KCl)  LiCl.- 
2H,0,  BaCl2.2HiO,  SrCl2.6H,0,  CaCl2.6H20,  MgClj.eHjO,  FeCU.eHjO, 
AICU.6H2O.  The  compoimds  in  this  group  that  have  been  used  by  the 
authors  are  given  in  Table  I.  They  retard  the  crystallization  of  water 
in  exactly  the  same  order,  viz.,  those  most  hydrated  according  to  Jones, 
show  here  the  greatest  retarding  effects. 

In  this  connection  the  experiments  of  Smirnoff^  are  of  interest.  This 
investigator  determined  the  amount  of  different  salts  required  to  cause  the 
separation  of  butyric  add  from  a  16.64%  aqueous  solution  of  the  add  at 

»  This  Journal,  3^  3 17  (19 16). 

•  For  a  review  of  this  subject  see:  "Hydrates  in  Solution.  A  Review  of  Recent 
Experimental  and  Theoretical  Contributions/'  £.  W.  Washburn,  Tech.  Quart.,  21, 
No.  4,  Dec,  1908. 

»  Publ.  Carnegie  Inst.,  No.  60. 

*  2.  physik.  Ckem.,  58,  667  (1907). 
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Tabib  I. 
The  Velocity  of  Crystallization  of  o.i  M  Undercooled  Aqueous  Solutions  of  Chlorides. 

Temp. —9.1  ^ 

Time  per    Velocity  Time  per  Vdodty 

meter  in        cm.  riietw  In         cm. 

Compound.  secondB.     per  min.  Compound.  seconds,  per  min. 

HCl 24.0  250  CUCIS.2H2O '  40.0  150.0 

NaCl 24.5  247  CeCU.7HtO 50.0  120.0 

HgClj 27.7  217  M|^Clt.6HsO 50.4  119.0 

LiC1.2HjO 35.5  170  ThCU.8HiO 60.0  100.5 

CdCl8.2H20 37.1  162  FcCli.6H20 84 . 8  70 . 8 

CaClj.6HaO 38.6  155  AlCl|.6HjO 1532  39-2 

different  temperatures.  It  is  assumed  that,  owing  to  the  fixing  of  part 
of  the  water  by  the  salt,  the  free  solvent  is  no  longer  able  to  retain  the  add 
in  complete  solution.  It  is  believed  that  this  lowering  of  the  sc^ufatlity 
is  due  to  hydration  of  the  dissolved  salt.  The  relative  amounts  of  some 
of  the  chlorides  that  were  necessary  to  precipitate  the  butyric  add  are:^ 
0.213  NaCl,  0.19 1  lyiCl,  0.079  CaClj,  0.076  MgClt,  0.048  AlCU-  There 
is  a  decided  parallelism  between  the  action  of  these  salts  in  precipitating 
the  butyric  add,  and  their  action  in  retarding  the  V.  C.  of  water. 

Tablb  II. 

The  Velocity  of  Crystallization  of  0.5  M  Undercooled  Aqueous  Solutioas  of  Nitrates. 

Temp.  — 9.1®. 

Time  per  meter  Velocity 

Compound.  la  — wondi.  cm.  per  min. 

KNOi 43.9  137.0 

AgNOi 47 .6  129 .0 

Pb(NOi)s 102.0  58.9 

Cu(N08)8.6HjO 500.0  12 .0 

A1(N0,),.8H,0 1054.0  5  8 

Of  the  compounds  in  Table  II  in  which  the  effects  of  several  nitrates 
are  shown,  the  nitrates  of  aluminium  and  potassium  have  been  investi- 
gated by  Jones.  These  two  salts  occupy  the  same  rdative  positions  in 
his  experiments  as  they  do  in  oiu-s.  The  experiments  in  Table  II  were 
carried  out  with  0.5  M  solutions  instead  of  o.i  M  because  it  was  found 
that  when  the  less  concentrated  solutions  were  used  the  differences  in  the 
effects  of  two  salts  are  at  times  not  great  enough ;  they  might  be  accounted 
for  by  experimental  error. 

The  sulfates  (Table  III)  show  an  abnormal  behavior.  Sodium  sul- 
fate, for  example,  in  spite  of  its  large  content  of  crystal  water  has  a  com- 
paratively slight  retarding  effect.  Aluminiiun  sulfate  retards  the  V.  C. 
more  than  any  other  substance  used  in  these  experiments.  The  behavior 
of  the  sulfates  of  zinc  and  magnesium  is  very  interesting.  A  tube  of  the 
freshly  prepared  solution  of  each  of  these  substances  was  undercooled 
and  allowed  to  crystallize.  The  contents  of  the  tube  were  warmed  until 
*  See  Senter,  Trans.  Faraday  Sac,,  3,  149  (1907). 
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Tablb  III. 

The  Velocity  of  Crystallization  of  0.5  M  Undercooled  Aqueous  Solutions  of  Sulfates. 

Temp. —9.1  ^ 

Tlm«  per  Velocity  Time  per     Velocity 

meter  In  cm.  meter  in  cm. 

Compound.  seooods.  per  min.  Componnd.  seconds.      per  min. 

KliSOi 71  84.5  ZnS04.7HiO» 202 


4  170  . . 

o  170 

9  150  .  . 

FeS04.7HjO 200  30 

AU(S04),.i8HjO..  3000  2 


(NH4),S04 83.7  73. 

NatS04.  loHjO 137  44 . 

CuS04.5HjO 177  33 

MgS04.7HtO> 218 

194 

184 

177 

174 

everything  was  dissolved  and  the  cooling  and  crystallizing  were  repeated. 
With  the  successive  experiments,  using  the  same  solution,  the  retarding 
effect  of  the  solute  became  less.  Jones  foimd  that  the  sulfates  in  general 
gave  abnormal  results  in  his  experiments.  This  he  believes  to  be  due  to 
association  of  molecules  of  the  solute.  The  behavior  of  the  two  salts  just 
mentioned  can  be  explained  by  this  h)rpothesis,  providing  that  the  associa- 
tion of  the  molecules  takes  place  with  measurable  velocity.  The  associa- 
tion would  mean  a  lowering  of  the  molecular  concentration  and  a  diminish- 
ing of  the  retarding  effect  of  the  solute. 

Sodium  bromide  crystallizes  with  two  molecules  of  water  of  crystaUiza- 
tion  while  potassium  bromide  is  anhydrous.  These  two  salts  should  show 
different  degrees  of  hydration  in  solution,  and  measurements  of  freezing 
point  lowerings  show  this  to  be  the  case.  To  find  out  whether  or  not  equiv- 
alent solutions  of  these  salts  have  the  same  retarding  ^ect  on  the  V.  C. 
of  water,  measiu-ements  were  made  with  solutions  of  potassium  bromide 
and  sodium  bromide  in  which  the  concentrations  varied  from  one-eighth 
to  one  gram  molecule  per  liter.    The  results  are  given  in  Table  IV  and  are 

Tablb  IV. 

The  Veloeity  of  Crystaltizatian  of  Undercooled  Aqueous  Solutions  of  Potassium  and 

Soditun  Bromides.    Temp.  — 9.1  **. 

KBrMols 
per  liter. 

1 .00 

0.67 

0.50 

0.25 

0.125 

shown  graphically  in  the  figiu-e.  At  all  concentrations  measured  the 
retarding  effect  of  the  sodium  bromide  was  much  greater  than  that  of  an 
/  equivalent  solution  of  the  potassium  bromide.  This  is  again  in  agreement 
with  the  work  of  Jones,  who  found  that  the  sodium  bromide  is  more 
hydrated  in  solution  than  the  potassium  bromide. 

^  V.  C.  not  constant.     Values  represent  repeated  trials  with  the  same  solutions. 


Time  per  meter 
in  secoada. 

NaBr  Mols 
perHter. 

Time  per  meter 

212.0 

1.00 

350.0 

78.2 

0.67 

114. 0 

49.5 

0.50 

63.8 

29.6 

0.25 

37  0 

23.1 

0.125 

27.0 
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In  the  light  of  the  following  statement^  the  influence  of  glucose  upon  the 
V.  C.  is  interesting: 

"In  connection  with  the  results  obtained  by  Roth  (Z.  physik.  Chem.,  43,  560 
(1903))  for  glucose  one  point  is  worthy  of  mention.  Roth  found  that  freshly  prepared 
solutions  of  glucose  gave  smaller  values  for  the  molecular  lowering  than  did  the  same 
solutions  after  standing  for  a  few  days.  The  increase  in  the  molecular  lowering  with 
the  time  corresponded  to  the  decrease  in  the  birotation.  Hydration  has  been  sug- 
gested as  a  possible  explanation  of  this  result,  and  this  is  probably  true." 


350 

£>    NaBr.2] 

300 

/ 

250 

CD 

/ 

% 

/           0    KBr 

200 

/  / 

150 

Q_ 
CD 

/  / 

100 

£ 

i— 

^y^y^ 

50 

-:t-^i^ 

Mols  perLiter 

.25  .50  .75  LOO 

Two  0.5  M  solutions  of  glucose  (a)  and  (b)  were  prepared,  the  former 
from  anhydrous  and  the  latter  from  the  crystallized  substance,  which 
has  one  molecule  of  water  of  crystallization.  The  V.  C.  of  the  two  freshly 
prepared  solutions  was  measured,  they  were  then  allowed  to  stand  for 
ten  days  and  measurements  were  again  made.  The  time  necessary  for 
the  crystals  to  fill  a  tube  one  meter  in  length  was  as  follows: 

Glucose  (a)  Feb.  10,  271  sec.  Feb.  19,  303  sec. 

Glucose  (6)  Feb.  10,  320  sec.  Feb.  19,  320  sec 

This  experiment  indicates  that  the  more  the  glucose  is  hydrated  the  more 
it  retards  the  V.  C.  of  water. 

By  measiuing  the  V.  C.  of  0.5  M  solutions  of  various  potassium  salts, 
it  has  been  possible  to  learn  the  effects  of  the  different  negative  radicals. 
The  results  are  given  in  Table  V.  Relative  hydration  values  for  these 
salts  have  been  determined  by  Jones,  Smirnoff,  Biltz.'    Their  results  do 

*  Washburn,  p.  374. 

*  Z.  physik.  Chem.,  40,  185  (1902). 
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not  entirely  agree  as  to  order  with  the  data  in  Table  V  but  there  is  a 

general  agreement,  however. 

Tablb  V. 

The  Velocity  of  Crystallization  of  0.5  M  Undercooled  Aqueous  Solutions  of  Potassium 

Salts.     Temp. --9. 1  ^ 

Time  per       Velocit7  Time  per  Velocity 

meter  in  cm.  meter  in  cm. 

Compound.  wooods.        per  min.  Compomid.  eeconda.  per  min. 

KNOi 43.9  137  KCl 57.8  104.0 

KSCN 46.8  128  K2SO4 71.0  84.5 

KBr 49.5  121  KCN 99.3  60.4 

KI 51. 1  117  KF.2H,0 184.0  32.6 

In  addition  to  the  foregoing  experiments  there  are  a  number  of  others 
that  are  also  explained  by  the  hydration  theory.  Urea  and  glycocoU 
are  not  hydrated  to  any  extent;  the  retarding  effects  of  these  substances 
on  the  V.  C.  of  water  is  inconsiderable.  Cane  sugar  is  hydrated  to  a  great 
extent;  its  retarding  effect  is  marked. 

In  the  first  paper  the  effect  of  certain  of  the  alkaloids  was  shown  to  be 
great,  even  when  they  are  present  in  as  low  a  concentration  as  0.02  M, 
The  substances  used  were:  cocaine  hydrochloride,  quinine  bisulfate  and 
brucine  sulfate.  The  last  three  of  these  compounds  have  two,  seven, 
seven  molecules  of  water  of  crystalUzation,  respectively,  indicating  the  for- 
mation of  hydrates  in  the  solution. 

Conclusion. 

The  experimental  data  in  this  paper  and  in  the  first  communication  on 
this  subject  are  best  explained  by  the  hydrate  theory.  The  fc^mation 
of  ice  crystals  may  be  represented  by  an  equation  similar  to  the  following : 

3(Hrf)),  :^  2(H,0), 
The  existence  of  a  part  of  the  solvent  in  combination  with  the  solute 
would  mean  that  this  combination  would  have  to  be  broken  before  crystals 
could  form,  consequently  the  formation  of  ice  crystals  in  a  solution  con- 
taining a  solute  that  is  hydrated  would  be  much  slower  than  their  formation 
from  the  pure  solvent. 

The  authors  do  not  for  one  moment  believe,  however,  that  the  re- 
tardation is  entirely  due  to  the  presence  of  hydrates  in  the  solution.  The 
heat  evolved  when  ice  crystals  separate  is  different  for  different  solutions; 
the  lowering  of  the  freezing  point  varies  to  a  certain  extent  with  the  solute, 
consequently  at  the  same  temperatiu*e  equimolecular  solutions  of  different 
compounds  may  not  be  equally  undercooled;  the  viscosity,  the  heat  of 
ionization  and  the  thermal  conductivity  of  the  solutions  are  also  factors 
that  must  be  taken  into  consideration.  In  concentrated  solutions  these 
factors  are  doubtless  of  considerable  importance;  in  dilute  solutions  the 
authors  believe  that  the  retardation  is  almost  entirely  due  to  the  ex- 
istence of  hydrates. 


Digitized  by  VjOOQIC 


Il66  HAROLD  S.   DAVIS. 

It  is  of  interest  to  note  that  in  solutions  as  dilute  as  o.i  M  there  is  a 
marked  difference  between  the  behavior  of  those  substances  that  are 
hydrated,  and  those  that  form  hydrates  to  an  inconsiderable  extent  only. 

This  investigation  is  being  continued. 

Madison.  Wisconsin. 
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SUPERSATURATED  SOLUTIONS  OF  LIQUIDS  IN  LIQUIDS. 

By  Harou>  S.  Datis. 
Received  Pebnutry  10.  1916. 

It  is  comparatively  easy  to  form  supersattu-ated  solutions  of  solids  or 
gases  in  liquids,  but,  up  to  the  present,  attempts  to  form  similar  super- 
saturated solutions  of  liquids  in  liquids  have  met  with  little  success. 

Rothmtmd^  has  considered  the  possibility  of  the  existence  of  such 
supersaturated  solutions.  His  criterion  for  such  a  condition  is  based  on 
the  following  considerations:  A  small  drop  of  liquid  is  more  soluble  than 
a  larger  one  and  a  solution  can  be  supersaturated  imtil  it  is  in  equilibrium 
with  the  smallest  drops  which  are  already  formed  in  the  liquid.  When 
this  concentration  is  exceeded,  these  drops  rapidly  grow,  becoming  less 
soluble  as  they  do  so  and  soon  reduce  the  concentration  of  the  super- 
saturated solution  to  that  of  a  saturated  one.  In  a  case  where  the  solubility 
increases  with  the  temperature,  the  cooling  of  the  solution  causes  drops  to 
appear  somewhat  below  the  temperature  of  saturation  for  that  particular 
concentration;  but  when  the  solution  is  heated,  the  larger  drops  will 
persist  until  slightly  above  the  temperature  of  saturation.  That  is,  thoe 
will  be  a  difference  between  the  temperatures  at  which  the  cloudiness 
appears  and  disappears  and  the  greater  the  degree  of  supersaturatioo, 
the  greater  will  be  the  difference  in  temperature. 

In  the  case  of  all  the  liquids  he  investigated,  this  difference  of  tern- 
peratture  was  very  small;  hence  Rothmund  concluded  that  there  was  no 
evidence  of  supersaturation. 

Plichtbauer*  carried  out  some  experiments  which  seemed  to  give  strong 
evidence  of  the  existence  of  supersattu-ated  solutions  of  Uquids  in  liquids. 
He  came  to  the  conclusion  that  the  difficulty  in  forming  supersaturated 
solutions  of  liquids  in  liquids  is  due  to  the  presence  of  dust  particles  or 
foreign  nuclei  of  some  sort,  perhaps  colloids. 

A  careftd  examination  of  the  effect  of  dust  particles  on  preventing 
the  formation  of  supersaturated  solutions  of  liquids  in  liquids  was  made  by 
Fawcett.' 

^  Z,  physik,  Chem,,  26,  443  (1898). 
« Ibid.,  48,  566  (1904). 

•  Thesis,  University  of  Toronto,  xgia.    For  summary  see  E.  Fawcett,  Proc.  Rfy, 
Soc.  Canada,  1913.     (I  am  indebted  to  Prof.  F.  B.  Kenrick  for  a  copy  of  this  thesis.) 
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The  method  he  used  to  detect  supersaturation  was  siimlar  to  that 
used  by  Rothmund  as  already  described  above,  that  is,  the  determination 
of  the  difference  between  the  temperatures  at  which  the  ckmd  appears 
and  disappears  when  the  temperature  of  the  solution  is  changed.  In 
every  case  there  was  a  difference  between  the  two  temperatures,  but  it 
was  of  the  otder  of  the  experimental  error.  He  then  attempted  to  remove 
the  dust  particles  by  various  methods  but  again  no  evidence  of  super- 
saturation  was  obtained. 

Liesegang^  has  pointed  out  that  even  if  dust  particles,  or  foreign  nuclei 
of  any  kind,  do  facilitate  precipitation  erf  the  second  liquid  phase,  before 
the  metastable  limits  of  supersaturation  are  exceeded,  yet  that  does  not 
necessarily  make  it  impossible  to  exceed  these  limits  in  a  solution  which 
contains  such  nuclei.  For  the  nucleus  prevents  supersaturation  only  by 
forming  a  zone  of  approximately  nonnal  concentration  at  its  surface, 
toward  which  the  solute  diffuses  and  as  the  rate  of  diffusion  is  not,  after 
all,  very  fast,  the  influence  of  the  nuclei  in  preventing  supersaturation  is 
dependent  on  the  time  in  which  the  supersaturated  state  is  obtained. 

Experimental  Determination  of  the  Degree  of  Supersaturation  of  Some 

Liquids  in  Liquids. 

Phenol  in  Water. — ^The  phenol  used  in  these  experiments  was  a  pure 
grade  of  material,  which  was  fractionally  distilled  before  use. 

The  water  used  in  all  this  work  was  prepared  as  follows:  Ordinary 
distilled  water  was  subjected  to  fractional  distillation  in  a  still  of  the 
type  designed  by  Bousfield,  obtained  from  Messrs.  Baird  and  Tatlock. 
Although  this  method  is  guaranteed  to  give  water  of  a  high  degree  of 
purity,  it  was  not  free  from  suspended  particles  visible  to  the  naked  eye. 
It  was  kept  in  well-stoppered  hard  glass  bottles.  High  purity  of  the 
water  could  only  be  maintained  where  all  later  experimentation  was  done 
in  sealed  glass  vessels.  In  other  cases  where  cork  stoppers  were  used, 
ordinary  distilled  water  undoubtedly  would  have  done  just  as  well. 

A  thermostat  with  two  parallel  glass  sides  was  regulated  at  25°.  It 
maintained  a  temperature  constant  to  a  few  hundredths  of  a  degree. 

The  solubility  of  phenol  in  water  increases  continuously  with  the 
temperatujfe  from  0°  to  the  critical  solution  temperature.*  Solutions 
of  phenol  and  water  saturated  at  25**  were  formed  in  two  ways: 

1.  By  stirring  with  a  current  of  air  for  half  an  hour.  This  air  was 
first  heated  to  the  temperature  of  the  thermostat  by  drawing  it  through  a 
copper  coil  immersed  in  a  bath  at  25  °. 

2.  By  heating  to  a  higher  temperatiu*e  and  then  cooling  to  the  tem- 
perature of  the  bath.  A  dense  doud  formed,  showing  that  the  solution 
was  now  saturated  at  25**. 

1  KoUM.  Z.,  3,  76  (1915). 

*  Alexjew,  Wied.  Ann.,  28,  305  (1886);  also  Rothmund,  Loc.  cit. 
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Various  forms  of  tubes  were  used  to  hold  the  solutionis.  A  yery  am- 
vexiient  form  was  found  to  be  test  tubes  20  cm.  long  and  2.5  cm.  in  diameter. 
Two  Beckmann  thermometers,  graduated  into  hundredths  of  a  d^;iee, 
were  regulated  so  that  they  read  the  same,  at  the  same  temperature,  to 
less  than  a  hundredth  of  a  degree.  One  was  placed  in  the  thermostat, 
the  other,  through  a  tight  fitting  rubber  stopper,  in  the  test  tube  to  be 
examined.  The  test  tube  was  then  cooled  by  bringing  it  into  the  room 
or  by  immersion  in  a  beaker  of  water  at  a  tempeitatuxie  below  25^. 

The  conclusion  drawn  from  a  large  number  of  experiments  of  this 
kind  was,  that  a  dear  saturated  solution  of  phenol  in  water  at  25^  shows 
a  distinct  cloud  on  precipitation  of  the  second  phase  before  it  has  cooled 
a  tenth  of  a  degree. 

Aniline  and  Water* — ^The  solubiUty  of  aniline  in  water  at  (nxiinary 
temperatures  increases  with  the  temperature.^  Solutions  of  aniline  in 
water  showed  no  marked  evidence  of  supersaturation,  although  the 
measurements  were  not  done  with  as  much  care  as  in  the  case  of  phenol 
solutions. 

Nitrobenzene  and  Water. — ^The  nitrobenzene  used  was  a  material 
from  a  well-known  firm.  It  was  shaken  for  several  hours  with  caldtun 
chloride  and  then  distilled.  As  will  be  shown  from  experimental  data, 
the  solubility  of  nitrobenzene  in  water  increases  from  temperatiu-es  well 
bdow  20°  to  one  above  50^  and  that  of  water  in  nitrobenzene  also  in- 
creases over  these  limits.  The  method  of  procedure  in  the  measurement 
of  the  supersaturation  was  therefore  similar  to  that  already  described 
in  the  case  of  phenol  and  water. 

(A)  at  25*', — ^Five  test  tubes  containing  nitrobenzene  and  water  were 
placed  in  the  thermostat  and  the  solutions  in  them  well  stirred  with  air 
for  three  hours.  They  were  then  tightiy  stoppered  and  allowed  to  stand 
till  the  solutions  were  dear.  A  Beckmann  thermometer  was  placed  in 
one  of  the  tubes,  which  was  then  taken  out  of  the  thermostat  and  allowed 
to  cool  to  room  temperature.  The  bulb  of  the  thermometer  was  so  large 
that  it  probably  did  not  accuratdy  record  the  temperatmre  of  that 
particular  part  of  the  solution  in  which  a  doud  first  appeared.  In- 
variably a  doud  quickly  appeared  in  the  lower  layer  of  nitrobenzene  with 
a  littie  dissolved  water,  before  any  appredable  lowering  of  temperature 
was  noticed;  but  the  upper  layer  remained  dear  until  a  perceptible  degree 
of  supersaturation  had  been  obtained.  The  results  were  as  follows  in 
three  tubes  examined: 

No.  of  tube I  2  3 

No.  of  degrees  of  supersaturation 0.6®        o.i®        0,3° 

(B)  at  20°. — It  was  thought  that  the  solution  at  25  **  might  not  have 
been  saturated,  dther  because  the  stirring  was  not  sufficient  or  because 

^  Alexjew,  Loc,  cit. 
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the  cork  stopper  had  permitted  vapor  to  escape.  So  two  sunilar  tube§ 
were  sealed  up  hi  the  blowpipe.  They  were  heated  to  40%  shaken  and 
allowed  to  settle,  then  placed  in  a  thermostat^  at  20  %  constant  to  less 
than  0.1^.  A  dense  doud  appeared,  proving  that  the  solutions  were 
saturated,  since  the  solubility  of  nitrobenzene  in  water  appears  to  increase 
continuously  from  o^  to  50°.  The  solutions  were  allowed  to  stand  in  the 
thermostat  until  they  waie  dear  and  investigated  for  supersaturation  as 
described  above. 

Supersaturation  In  lower  layer Tube(i)  0.07^    Tube  (2)  0.00* 

Supersaturation  in  upper  layer 1.3**  0.3** 

The  Solubility  of  Nitrobenzene  in  Water. — ^No  data  exist  on  the  solu- 
bility of  nitrobenzene  in  water.  Accurate  measurement  of  the  solubility 
of  such  a  sparingly  soluble  substance  is  exceedingly  diflScult.  The 
thermometers  used  in  the  solubility  measurements  were  made  of  normal 
glass  and  graduated  to  0.1^.  They  had  been  standardized  in  the 
Ph3rsikalisch-technische  Rdchsanstalt. 

The  solubility  at  20^  was  determined  by  a  method  similar  to  that 
used  by  Rex.*  The  neck  of  a  1000  cc.  flask  was  drawn  out  and  to  it  was 
sealed  an  oblique  T  tube.  One  end  of  this  was  sealed  and  formed  a 
graduated  measuring  tube  which  was  carefully  calibrated  with  wdghed 
amounts  of  mercury.  The  terminal  part  of  this  measuring  tube  was  0.5 
cm.  wide  and  5  cm.  long.  It  then  broadened  out  to  a  width  of  i  cm. 
Thus  the  same  apparatus  could  be  used  to  measure  changes  of  volume  of 
two  different  orders  of  magnitude. 

The  apparatus  was  weighed  and  the  main  body  of  the  flask  nearly  filled 
with  distilled  water.  Some  nitrobenzene  sattu-ated  with  water  at  20  ** 
was  poured  down  a  capillary  funnd  into  the  measuring  tube.  The  ap- 
paratus was  then  evacuated,  sealed  up  in  the  blowpipe  and  weighed. 
After  bringing  the  apparatus  to  the  temperaWe  of  20°,  the  voltune  of  the 
nitrobenzene  was  read  off.  The  nitrobenzene  was  now  allowed  to  run 
into  the  main  part  of  the  flask.  This  was  heated  to  30^,  well  shaken  up, 
and  after  some  time  put  in  the  thermostat  at  20°.  A  dense  cloud  formed, 
showing  that  the  solution  was  saturated.  The  flask  was  shaken  in  the 
thermostat  for  many  hours  and  the  volume  of  the  residual  nitrobenzene 
determined  in  the  measuring  tube.  The  great  source  of  error  was  in  the 
presence  of  small  drops  that  would  not  coalesce. 

The  result  of  one  determination  was  that  100  g.  of  solution  dissolve 
0.16  cc.  of  the  nitrobenzene  saturated  with  water.    The  specific  gravity 

^  This  thermostat  was  controlled  by  an  alternating  current  thermoregulator  which 
has  been  described  in  This  Journal,  37,  1520  (1915).  A  better  form  was  described 
by  McDermott  in  This  Journal,  37,  2381  (19 15).  I  have  adopted  his  form  and  find 
it  gives  great  satisfaction. 

*  Z.  physik.  Chetn,,  55,  358  (1906). 
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of  nitrobenzene  saturated  with  water  at  20^  was  found  to  be  1.20^.  Subse- 
quent work  shows  that  the  amount  of  water  in  this  nitrobenzene  may  be 
n^ected.  Hence,  the  solubiUty  of  nitrobenzene  in  water  thus  obtained 
was  0.19  g.  per  100  g.  of  solution. 

So  far,  the  method  is  very  similar  to  that  employed  by  Rex.  He  de- 
termined solubiUties  at  30^  in  the  ssune  way,  but  the  following  method 
will  be  found  useful  in  certain  cases:  Qualitative  experimentation  soon 
shows  that  the  solubility  of  nitrobenzene  in  water  increases  continuously 
from  20^  to  30°.  Water,  therefore,  was  saturated  with  nitrobenzene  at 
30°  and  the  dear  solution  forced  over  into  the  flask  above  described. 
This  was  sealed  off,  cooled  to  20°  and  the  voltune  of  the  precipitated 
nitrobenzene  determined.  A  preliminary  experiment  gave  0.021  cc.;  a 
more  careful  one,  0.025  cc.  or  0.03  g.,  as  the  increase  in  the  solubility  of 
nitrobenzene  in  water  from  20**  to  30®.  While  this  value  must  be  con- 
sidered fairly  satisfaictory,  the  absolute  value  for  the  solubility  at  30* 
depends  on  the  value  at  20®. 

As  a  check  on  these  values,  the  solubility  of  nitrobenzene  in  water  at 
about  55°  was  determined  by  the  cloud  method  so  well  described  by 
Rothmund.^  Ejoiown  weights  of  pure  nitrobenzene  and  water  were 
sealed  up  in  a  tube  and  the  temperatture  found,  at  which  the  doud  of 
predpitation  of  the  second  phase  appeared  and  disappeared. 

Wt.  of  nitrobenzene,  0.290  g.;  wt.  of  water,  107  g.;  doud  appeared,  54.2°;  doud 
disappeared,  55.5**;  mean,  55°.    These  temperatures  were  not  sharply  marked. 

The  collected  results  are : 

Temperature 20         30         55 

Solubility  of  nitrobenzene  in  water.    (Grams  per  100  g.  soln.)    0.19      0.22      0.27 

These  results  should  only  be  regarded  as  showing  the  order  of  the 
values  for  the  solubility,  but  the  method  is  capable  of  yielding  good  re- 
sults. 

The  Solubility  of  Water  in  Nitrobenzene. — ^This  was  determined  by  the 
doud  method  outlined  above.  For  the  lower  temperatures  the  heating 
bath  was  water;  for  the  higher,  mdted  parafl5n. 


Cfnc.  soln. 
(g.  HsO  :  100  g.  soln.) 

Temp,  of 
appeaimncc  of  doud. 

Temp,  of 
diMppeannc*  of  cload. 

Mean  of 
the  two. 

0.174 

8.4° 

9.3° 

8.8" 

0.194 
0.299 

29.8° 

3i.8« 

147* 
30.8' 

0.401 
0.713 
i.53 

62.3° 
105.0° 

45-3' 

64.4' 

108.2' 

44.2' 

633° 

106.6* 

Carbon  Disulfide  and  Water. — ^The  carbon  disulfide  used  in  these 
experiments  was  a  pure  grade  which  was  shaken  up  for  many  hours  with 
successive  portions  of  sulfuric  acid  until  the  acid  showed  no  color  on  such 
*  Rothmund,  "L6slidikeit  und  Loslichkeitsbeeinflussung,"  1907,  p.  30, 
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treatment.    It  was  then  washed  free  from  acid  with  distilled  water, 
shaken  for  six  hours  with  calcium  chloride  and  distilled. 

In  contradistinctidi  to  the  other  liquids  dealt  ^th  in  this  psiper,  the 
sohibility  of  carbon  disulfide  in  water  decreases  continuoiisly  from  o^ 
to  50°.  Chaiicel  and  Parmentier^  determined  the  solubilities  by  chemical 
estimation  of  the  amounts  of  disulfide  in  the  saturated  solutions.  Rex' 
measured  the  volumes  dissolved  on  solution  as  already  described  in  this 
paper.    A  glan.ce  at  Curve  I  shows  that  the  results  obtained  by  the 


11^^ 


'70'  Jo'  j8P  40^ 

Fig.  I. — Solubility  of  Carbon  Disulfide  in  Water.  ► 

Curve   I,  Rex's  values  (grams  carbon  disulfide  in  100  g.  solution). 
Curve  11^  Chancel  and  Parmentier's  values  (grams  carbon  disulfide  in  190  liters 
solution).  / 

two  methods  do  not  agree,  either  for  the  form  of  the  solubility  curve 

or  for  the  absolute  values  of  the  solubiUty.     I  found  that  the  solubihty 

increases.,  again  above  50**,  because  solutions  saturated  at  0o°  or  70?  ; 

showed  a  dense  cloud  on  cooHng.    More  work  on  the  solufoilitiea  of  these 

sparingly  solutde  substances  is  greatly  to  be  desired. 

Test  tubes  20  cm.  long  and  2.5  cm.  in  diameter  were  nearly  filled  with 

a  mixture  of  carbon  disulfide  and  water  and  closed  ^ith  a  good  tight 

filtting  cork.    The  solutions  were  cooled  to  about  10^,  shaken  (prolonged 

shaking  is  not  required)  and  allowed  to  settle.    When  now  the  tubes  were 

put  ia  a  thermostat  at  20?  constant  to  oxi  °,  a  dense  cloud  appeared  in  the 

water  layer,  which  must,  therefore,  have  been  saturated  with  carbon 

disulfide  at  that  temperature.    The  doud  slowly  settled  and  disappeared. 

Often,  however,  d  slight  milkiness  remained.    So,  just  before  heating 

»  Cotnpt.  rend,t  99>  892  (1894);  lOOi  773  (1885). 
«  Z.  physik,  Chem.,  55,  358  (1906). 
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the  solutions  above  20^  they  were  cocded  to  10-15^  for  a  short  time, 
when  the  water  solution  became  very  dear. 

The  solutions  were  heated  at>ove  20^  in  the  following  way:  A  tall, 
narrow  beaker  was  partiy  filled  with  water  at  a  temperature  of  about 
18^  and  water  at  a  temperature  of  about  70®  was  poured  upon  this  down 
a  wire,  at  the  base  of  which  was  a  small  watch  glass.  This  watch  ^»a 
was  held  in  a  horizontal  position  by  the  wire  and  broke  the  fall  of  the 
water,  so  that  two  layers  of  water  at  very  different  temperatures  were 
obtained.  Into  the  beaker  was  plunged  one  of  the  test  tubes  described 
above.  A  doud  at  once  appeared  in  the  top  of  the  upper  layer,  i.  e.,  the 
solution  of  carbon  disulfide  in  water,  and  slowly  moved  down  the  tube. 
The  temperattu-e  of  the  water  just  ahead  of  this  doud  was  investigated 
by  a  small  boiling  point  thermometer  with  a  bulb  only  8  mm.  in  length, 
so  that  the  temperature  in  a  local  spot  in  the  liquid  could  be  determined. 
It  was  found  that  dear  spaces  beneath  the  doud  had  temperatures  as 
high  as  23-24^  while  it  must  be  remembered  that  this  soluti(m  was 
saturated  at  20^. 

Two  of  the  experiments  were  performed  with  sealed  tubes,  which  were 
broken  open  at  the  top  to  admit  the  thermometer  just  before  heating  above 
20^.    In  this  way  any  errors  arising  from  the  use  of  corks  were  eliminated, 
but  these  solutions  behaved  the  same  as  those  kept  in  corked  tubes. 
Effect  of  Mechanical  Jar  on  Supersaturated  Solutions  of  Liquids  in 

Liquids. 

It  is  well  known  that  supersaturated  solutions  of  solids  and  gases  in 
liquids  are  particularly  sensitive  to  a  mechanical  jar.  A  single  experi- 
ment shows  this  very  well  in  the  case  of  a  gas  dissolved  in  a  liquid. 

If  a  solution  of  air  in  water,  saturated  at  atmospheric  pressure,  is 
placed  in  a  stout  tube  such  as  a  Nessler  tube,  and  if  the  pressure  is  lowered 
by  coxmecting  it  to  an  aspiration  pump,  then  a  supersaturated  solution 
is  obtained.  A  few  bubbles  form  and  rise  to  the  surface,  after  which  the 
solution  remains  quiet.  If  now  the  tube  is  struck  sharply  on  the  side  with  a 
glass  rod,  hundreds  of  bubbles  appear  inside  the  liquid. 

It  was  noticed  in  the  case  of  solutions  of  phenol  and  nitrobenzene  in 
water,  that  sometimes,  on  striking  the  thermometer  a  blow,  douds  seemed 
to  come  off  it.  The  existence  at  such  a  phenomenon  was  deaily  estab- 
lished in  the  case  of  solutions  of  carbon  disulfide  in  water,  in  the  following 
way:  A  500  cc.  flask  was  filled  with  a  dear  solution  of  carbon  disulfide, 
saturated  at  20^.  A  stout  glass  rod  (7  mm.)  was  flattened  on'the  bottom 
to  a  disk  about  i  Vs  <^xa.  wide.  It  was  supported  in  the  scdution  through 
a  cork.  When  the  flask  was  placed  in  a  beaker  of  water  at  35^,  a  doud 
formed  at  the  top  of  the  solution  and  moved  slowly  down.  Now,  while 
the  disk  of  the  rod  was  still  in  a  deaf  part  of  the  solution,  the  top  was 
struck  a  sharp  blow  with  a  small  iron  damp,  upon  which  douds  were 
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observed  to  come  from  the  bottom  of  the  rod  and  to  form  also  in  the 
solution  below  it:  Sconetimes  the  doud  formed  after  a  few  secondS)  nearly 
a  centimeter  below  the  disk. 

Calculations  of  the  Degrees  of  Supersaturation  Theoretically  Possible 
fot  Solntfons  of  Liquids  in  Liquids. 

Kenrick^  has  suggested  that  there  is  no  essential  difference  between 
supersaturated  solutions  of  solids  in  liquids  and  those  of  liquids  in  liquids, 
but  that  ''the  cause  of  the  small  degree  of  supersaturation  of  liquids  is 
connected  with  the  comparatively  small  surface  tension  of  the  interface 
between  liquid  and  liquid.'*  Ostwald*  was  the  first  to  derive  a  formula 
showing  the  change  in  the  solubility  of  a  particle  of  solid  or  liquid  with 
size.  This  formula  has  been  corrected  by  Preundlich,'  who  gives  one 
of  the  following  form: 

-     Si       2Mc 

S    is  the  solubility  of  a  substance  for  particles  of  infinite  radius. 

Si  is  the  solubility  for  particles  of  radius  r. 

M  is  the  molecular  weight  of  the  substance  in  solution. 

ff    is  the  interf acial  stniace  tension. 

R   is  the  gas  constant  (8.3  X  10'  ergs/degree). 

0    is  the  absolute  temperatm^  of  the  solution. 
.  p    is  the  density  of  the  particles. 

(All  quantities  are  expressed  in  absolute  units.) 

From  this  formula,  the  supersaturation,  theoretically  possible,  has 
been  calculated  for  the  following  substances,  assuming  that  in  each  case  a 
partide  of  radius  15  X  io*~'  cm.  can  be  formed  spontaneously  in  the 
supersatiuated  solution: 

i?  =  8.3  X  io«  -^^  ;  e  =  298°;  r  =  15  X  10-7  cm. 
degree 

Percentage      Saper-  Super- 

supenaturft-     coolinc  cooliag 

Solution.  9,  M.       p.         tion  calc.  otic  fotmd. 

Calcium  sulfate  in  water. .  550^  136  2 .32  600               ...                

Isobut3rric  add  in  water. .  i  .76*  S8  0.95          o.S            ...                

Nitrobenzene  in  water. ...  23*  123  i  .20        12  8*  o.  i  °  to  i  ,4** 

W^ater  in  nitrobenzene 23  18  i               2  0.8°  0.0°  to  0.7*^ 

Carbon  disulfide  in  water.     38.4*        44    1.23  7         Ijr'i  3* 

Water  in  carbon  disulfide.     38.4  18    i  4  ...  

^  UnwersUy  of  Toronto  Studies,  99,  4  (1913)- 

>  Z.  physik,  Chem.,  34,  504  (1900). 

'  H.  Freundlich,  "Kapillarchemie/'  Z909»  p.  144. 

*  F.  Kenrick,  Loc,  cU. 

*  MUe.  L.  van  der  Noot,  Bl.  Acad,  Belg,,  4,  501. 

*  The  results  obtained  at  20°  are  also  included. 

^  The  6^  is  obtained  from  the  values  for  the  solubility  q{  carbon  e^sulfide  m  water 
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In  these  calculations  it  has  been  assumed  that  a  drop  with  a  ladius  of 
the  order  1.5  X  10^*  can  be  formed  spontaneously  in  the  sohitioo.  It 
will  be  well  now  to  review  allied  phenomena  to  see  if  there  is  any  ground 
for  such  a  belief. 

The  Spaatanepug  Foxmatton  of  Nuclei  in  Gases. 

The  conditions  of  condensatidn  of  water  vapor  in  air  and  other  gases 
have  been  carefully  investigated  by  C.  T.  R.  Wilson*  and  Barus.'  Their 
experiments  showed  that  nuclei  are  always  present  in  lat^  numbers, 
sufScient  to  condense  the  vapor  when  it  has  about  eight  times  its  normal 
density.  He  showed  that  drops  with  a  radius  of  the  order  i6~*  cm. 
would,  according  to  accepted  formulae,  be  in  equilibrium  at  this  eight- 
fold density  and  that  such  drops  would  contain  but  a  few  molecules. 
He  suggested  that  such  drops  might  be  formed  spontaneously  throng 
the  accidental  collision  of  molecules. 

J.  J.  Thomson'  has  offered  the  following  theory  to  explain  the  phenomena 
attending  the  condensation  of  water  vapor  from  gases: 

"When  a  liquid  film  gets  very  thin,  its  surface  tension  no  longer  remains  axnstant 
but  depends  on  its  thickness.  For  very  thin  films,  theory  indicates*  that  the  surface 
tension  would  be  proportional  to  the  square  of  the  thickness,  while  the  experiments  of 
Keinold  and  Rficker*  showed  that  the  surface  tension  had  a  maximnm  value  far  a 
thickness  comparable  with  that  of  the  dark  spot  in  soap  films*  More  recent  experi- 
ments by  Johannot*  have  made  it  probable  that,  considering  the  surface  tension  as  • 
function  of  thickness,  there  is  more  than  one  maximum. 

"We  see  now  when  we  take  the  variation  of  surface  tension  into  account  that  evea 
the  slightest  supersaturation  will  produce  some  condensation,  but  that  these  drops  will 
be  exceedingly  small  and  will  evaporate  as  soon  as  the  supersaturation  ceases." 

He  then  shows  that  if  supersaturation  increases,  drops  may  finally  be 
farmed  of  such  radius  that  they  will  continue  to  grow  as  long  as  super- 
saturation  exists  and  will  produce  a  dense  doud.  On  the  oontraiy,  on 
the  evaporation  of  a  drop,  it  may  persist  at  a  temperature  somewhat  abcne 

obtained  by  Chancel  and  Parmentier  (Compt.  rend.,  gg,  893  (18S4);  lOO,  773  (1885)), 
the  35^  from  the  values  obtained  by  Rex  (Z.  physik.  Ckem.,  55,  355  (1906)).  The 
value  0.201  found  by  Rex  at  20*^  is  incorrectly  copied  as  o.ioi  in  the  Chem,  ZeninM^ 
1906,  p.  1594. 

» Phil.  Trans.,  (A)  265  (1897)  and  (A)  403  (1899). 

*  Publ.  Carnegie  Institution  of  Washinfion  No.  40,  149  (1906);  also  No.  6ay  No.  96^ 
I  and  II  and  Smithsonian  Contributions,  34  (1905). 

*  Thomson,  "Conduction  of  Electricity  through  Gases,"  183  (1906). 

*  See  Lord  Rayleigh,  Phil.  Mag.,  5,  33. 

■  Rticker  and  Reinold,  PhU.  Trans.,  177,  II,  627  (1886).  Bakker  {PhU.  Mag.,  [6] 
17,  341  (1909))  disputes  this  conclusion.  Prom  prolonged  matheomtical  oonsideni- 
tion  he  concludes  that  "it  follows  that  the  capillary  layer  must  always  be  complete 
and  the  apparition  of  the  black  spots  cannot  be  explained  otherwise  than  as  the  oon- 
sequenoe  of  a  temporary  and  local  diminution  of  the  surface  tensloa  in  the  oonatdered 
points  in  consequence  of  the  temporary  and  local  increase  of  evaporation  in  these 
points." 

*  Phil.  Mag.,  47,  501  (1899). 
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Ui€  sahiration  tempercUure  for  that  conceniraUon  of  water  vapor  ^  but  that  a 
temperature  will  finally  be  reached  where  it  will  disappear. 

Opalescence  near  fhe  Critical  Temperature. 

As  is  well  known,  gases  in  the  critical  condition  show  a  marked  opales- 
cence: "It  appears  only  inside  a  few  tenths  of  a  degree  and  certain 
volmne  limits  from  that  point.  Also  mider  suitable  conditions  just  be- 
fore the  disappearance  of  the  meniscus,  it  appeitrs  in  the  liquid  just  as 
wen  as  in  the  gas  after  the  disappearance  of  tl^  Hquid  into  the  common 
phase."* 

A  similar  phenomenon  appears  in  solutions  of  liquids  in  liquids  near  the 
critical  solution  temperature,  which  is  thus  described  by  Rothmund:* 
"This  cloudiness  appears  blue  in  incident,  and  brown-red  tn  transmitted  light.  It 
Is  strongest  in  the  immediate  neighborhood  of  the  critical  temperature  and  decreases 
slowly  as  the  temperature  changes  till  it  completely  vani^es.  Still,  this  tites  place 
Srsdually  and  a  definite  point  camot  be  established  at  which  it  can  no  longer  be  seen. 
It  can  often  be  clearly  recognized  at  temperatures  which  are  ten  degrees  or  more  re- 
moved from  the  critical  temperature.  -  -  -  As  a  rule,  it  does  not  appear  at  the 
separation  of  a  new  liquid  phase  from  a  solution  but  only  in  the  neighborhood  of  the 
critical  point. 

"Prom  the  whole  bdiavior  of  this  phenomenon  it  is  evident  that  it  is  to  be  sharply 
differentiated  from  the  precipitation  of  drops  of  the  second  phase  which  precedes  the 
separation  into  two  layers.  The  latter  is  accompanied  by  a  thick  clouding  which  imme- 
diately makes  the  liquid  opaque  and  in  a  longer  or  shorter  time  leads  to  the  formation 
of  a  sharp  surface  of  sei)aration.  On  the  other  hand  it  is  always  possible  to  see 
through  a  critically  clouded  solution.  -  -  -  From  the  theoretical  standpoint,  too  very 
strong  objections  can  be  raised  against  that  idea.  For  il  one  has  to  deal  here  with 
precipitated  drops  of  the  same  kind  and  with  the  same  properties  as  the  drops  w4iicfa 
are  visible  under  the  microscope,  these  could  not  remain  stable  as  small  drops  but 
must  grow." 

Konowalow*  has  attempted  to  explain  this  peculiar  opalescence  as 
due  to  the  influence  of  foreign  dust  particles.. 

F.  G.  Donnan*  has  given  a  complete  theory  of  the  opalescence  observed 
at  the  critical  point  of  a  liquid  and  Rothmund  has  applied  it  further  to 
explain  the  opalescence  at  the  critical  solution  temperature, 

Donnan  makes  the  following  assumptions: 

(a)  Below  the  critical  temperature,  the  interfadal  tension  between  the 
two  phases  is  positive  for  all  values  of  the  radius  of  curvature. 

(b)  At  the  critical  temperature  the  interfadal  tension  becomes  zero 
for  all  ordinary  curvatures,  but  remains  positive  for  very  small  values 
of  the  radius  of  curvature.    It  will  be  seen  that  this  assumption  involves 

^  Smoluchowski,  Ann,  phys,,  [4]  25,  217  (1908).  This  artide  contains  a  good  list 
of  references. 

'  Rothmund,  "L5slichkeit  u.  L^Sslichkeitsbednflussung/'  1907,  p.  76.  This  is  the 
best  exposition  of  the  subject  and  contains  complete  references. 

•  Drude's  Ann,,  xo,  360  (1903). 

*  Chem,  News,  90,  139  (1904). 
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th$  further  am,  thai  at  the  temperature  of  disappearance  of  the  meniscus 
at  a  boundary  surface  of  ordinary  curvature,  the  two  phases  do  net  become 
identical. 

(c)  At  temperatures  slightly  above  the  critical,  the  interfadal  tension 
is  still  positive  for  very  small  radii  of  curvature,  but  n^;ative  for  all 
ordinary  curvatures,  while  at  a  still  higher  temperature  it  becomes  negative 
for  all  curvatures. 

Granted  these  assumptions,  the  existence  of  permanent  opalescence 
above  the  ordinary  critical  temperature  follows  at  once.  It  will  be  seen 
that  there  is  a  great  deal  in  common  between  the  theories  of  Donnan  and 
Thomson. 

Smolucbiowski^  has  brought  forward  the  idea  that  the  opalescence 
observed  at  the  critical  temperature  and  that  observed  at  the  critical 
solution  temperature  are  due  to  the  inequalities  of  density,  which,  aiooord- 
ing  to  the  Idnetic  theory,  must  exist  in  matter,  due  to  the  movements 
of  the  molecules.  He  has  brought  forward  evidence  that  these  fluctua- 
tions become  noticeable  when  a  liquid  is  in  the  critical  state,  on  account 
of  the  greatness  of  the  compressibility  at  that  point,  through  whidi 
regions  with  considerable  difference  in  density  may  be  nearly  in  equilib- 
rium with  each  other. 

The  critical  opalescence  according  to  him  is  not  caused  by  true  drops 
but  by  "diffuse  heaps  of  indeterminate  size,  since  for  every  volume  there 
corresponds  a  different  density."  Further,  "it  is  not  unreasonable  to 
suppose  that  the  life  of  such  agglomerations  is  greater  in  the  critical 
condition." 

Smoluchowski  gives  the  following  criticisms  of  Donnan's  hypothesis: 
"This  hypothesis  seems  to  me  unsatisfactory  in  several  respects:  In  the  fint 
place  we  are  dealing  here  not  with  two  different  substances*  but  with  one  snbatanre 
whose  two  phases  have  already  become  identical  at  the  critical  point.  What  is  this 
liquid  then?  Its  existence  above  the  critical  temperature  must  first  be  proved.  And 
why  does  the  opalescence  also  appear  below  that  temperattu^?  Moreover,  the  ordi- 
narily accepted  views  on  capillary  force  seem  to  correspond  to  a  decrease  in  the  sur- 
face tension  with  decrease  in  the  radius  of  curvature,  rather  than  with  the  revene. 
Finally,  we  will  not  go  into  a  prolonged  discussion  of  these  questiotis,  since  Donnan's 
hirpotbesis  in  view  of  the  simple  molecular  kinetic  explanation  of  those  phenomena 
seems  to  be  completely  tmnecessary." 

Apparently  he  has  misunderstood  Rothmund's  application  of  Donnan's 
h3rpothesis,  fen-  regarding  the  unchangeability  of  the  phenomena  with 
time  he  says: 

"This  condition  renders  more  difficult  Rothmund's  explanation  of  the  phenomenon 
through  suspended  drops,  since,  according  to  Lord  Kelvin's  rule,  the  large  drops  most 
grow  at  the  expense  of  the  smaller;  that  is,  the  phenomenon  must  change  in  the  course 
of  time." 

That  Smoluchowski's  views  afford  a  profound  view  into  the  nature  at 

*  Loc.  cil. 
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loattar  cannot  be  doubted,  but  it  is  not  yet  dear  that  thejr  afford  a  com- 
plete explanation  of  the  critical  opalescence.  In  the  first  place,  no  evi* 
4ent  reason  has  been  given  as  to  why  the  life  of  an  agglomeration  should 
be  greater  at  the  critical  point.  Moreover,  if  the  fluctuations  in  density 
in  the  case  of  a  gas  become  more  noticeable  at  the  critical  point  because 
of  the  great  compressibility  at  that'  point,  how  can  similar  reasoning  be 
applied  to  eacplain  the  opalescence  at  the  critical  solution  temperature? 

Furthermore,  his  objections  to  Donnan's  theory  are  not  convincing. 
It  has  already  been  pointed  out  that  his  contention  that  small  drc^  must 
be  unstable  because  of  the  increase  of  vapor  pressure  is  not  true,  if 
Donnan's  assumptions  are  granted.  One  of  these  assumptions,  the 
increase  in  the  value  of  the  surface  tension  and  the  stability  of  drops  above 
the  saturation  temperature,  has  been  dealt  with  in  detail  by  Thomson. 

The  other  assumption  of  Donnan,  that  the  two  phases  do  not  become 
identical  at  the  critical  point,  has  not  received  sufficient  consideration 
hitherto.  It  is  well  known  that  surface  tension  produces  a  hydrostatic 
pressure  inside  a  spherical  drop,  in  magnitude  equal  to 
2T/r,  where  T  =  surface  tension  and  r  =«  radius  of  drop. 
Apart  from  theoretical  considerations,  a  glance  at  Pig.  2 
will  show  that  the  liquid  behind  a  convex  surface  must 
have  a  greater  density  than  that  bounded  by  a  plane 
surface.  The  tube  is  full  of  liquid  which  is  supported 
in  the  tube  (neglecting  the  surface  tension  at  the  top) 
by  the  convex  surface  at  the  bottom.  Since  the  liquid 
at  the  bottom  is  subjected  to  the  hydrostatic  pressure 
of  the  superincumbent  liquid,  it  is  compressed.  This 
increase  in  density,  neg^gible  for  ordinary  curvatures, 
may  become  quite  noticeable  when  the  radius  of  curva- 
ture is  anall,  as  the  following  calculation  shows:  ^^  '* 

For  water  at  ordinary  temperature,  surface  tension  =*  70  djmes/cm.; 
compressibility  =  4  X  10""  in  absolute  units.  So  that  the  hydrostatic 
pressure  inside  a  drop  of  io~*  cm.  radius  would  be  1.5  X  io~*  djmes/cm*., 
or  about  150  atmospheres  and  the  corresponding  increase  in  density  about 
0.6%.  For  a  radius^  of  lo"^  cm.  on  the  pressure  would  be  1500  atmospheres 
and  the  increase  in  density  6%. 

Thus  the  density  of  a  liquid  in  the  form  of  a  small  drop  is  greater  than 
when  it  is  bounded  by  a  plane  surface,  and  further,  such  physical 
properties  of  a  liquid  as  solubility,  vapor  pressure  and  surface  tension 
depend  on  the  radius  of  the  drop  so  that  a  small  drop  would  not  be 
identical  with  the  vapor  phase  at  a  point,  where  the  liquid,  bounded  by  a 

^  Johannot  (Phil.  Mag.,  47,  501  (1899))  sfao¥red  that  stable  films  may  be  as  thin  as 
6  X  10"*  cm. 
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plane  surface  and  the  vapor  phase,  become  identical — which  is  just  what 
Donnan  has  postulated. 

Is  it  not  more  than  lijcely  that  both  these  hypotheses  present  phases  of 
the  truth  and  that,  as  Smoluchow^  has  pcMnted  out,  local  dense  spots  of 
varying  volume  and  density  are  formed  in  a  nearly  saturated  solution  and 
that  some  of  these,  when  once  formed,  are  stable,  for  the  reasons  which 
Thomson  and  Donncm  have  given?  As  to  the  size  ci  these  drops,  it 
seems  possible,  since  it  is  related  to  the  surface  tension,  that  the  size 
may  vary  with  different  liquids  and  also  with  the  temperature  for  the 
same  liquid.  The  amount  of  supersaturation  possible  is  regulated  by  the 
size  of  these  drops. 

Summary. 

2.  The  degrees  of  supersaturation  of  four  solutions  of  liquids  in  water 
have  been  measured.  In  the  cases  of  nitrobenzene  and  carbon  disulfide, 
the  existence  of  supersaturation  has  been  definitely  established. 

2.  The  solubility  of  nitrobenzene  in  water  has  been  measured  at  three 
different  temperatures. 

3.  The  solubility  of  water  in  nitrobenzene  has  been  measured  at  six 
different  temperatures. 

4.  Various  important  theories  have  been  correlated  and  an  attempt 
made  to  use  them  to  explain  the  phenomena  observed. 

5.  A  change  in  the  density  and  other  physical  properties  of  small  drops 
with  the  radius  has  been  suggested  as  fulfilling  one  of  the  conditions  in 
Donnan's  theory  of  the  critical  opalescence. 

WiNNiFSo,  Manitoba. 
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I.    Introduction. 

The  study  of  the  conductance  of  largely  ionized  solutes  in  aqueous 

solution  has  shown  that  the  results  over  the  range  of  concentration  from 

(cy)' 
0.001  to  oa  normal  can  be  expressed  fairly  well  by  the  equation    ,         ^  « 

K,  first  proposed  by  Storch.^  In  this  expression  c  denotes  the  concen- 
tration, and  y  the  conductance  ratio  A/Ao  ]  K  is  o,  constant,  and  n  is 
another  constant  which  has  a  value  which  varies  somewhat  with  the  nature 
of  the  solute,  but  almost  always  lies  between  1.40  and  1.55.*    In  the  case 

*  Z.  physik.  Chan,,  19,  13  (1896). 

•  Noyes,  Tms  Journai*.  30,  343  (1908). 


Digitized  by  VjOOQIC 


CERTAIN  IODIDE  IN  ISOAMYL  AND  PROPYI^  ALCOHOI3.  1 1 79 

of  non-aqueous  solutions  a  large  amount  of  experimental  material  has 
been  collected  which  seemed  to  show  that  electrolytes  in  these  solvents 
obey  a  law  vety  different  from  that  applicable  to  aqueous  solutions;  thus 
in  certain  solvents  the  equivalent  conductance  has  been  found  even  to 
increase  with  increasing  concentration.  A  satisfactory  way  of  reconciling 
this  discrepancy  between  the  behavior  of  aqueous  and  certain  non-aqueous 
solutions  was  recently  described  in  an  article  pubUshed  by  Kraus  and  Bray/ 
in  which  it  is  shown  that  the  conductance  of  almost  any  unitmivalent 
solute  in  any  solvent  from  the  concentration  zero  up  to  a  fairly  high  con- 
centration (one  where  the  change  in  the  viscosity  of  the  solution  becomes 
an  important  factor),  can  be  expressed  by  an  equation  of  the  form 

In  this  equation  AT,  D,  and  m  are  empirical  constants  which  vary  with 
the  nature  of  the  solute  and  of  the  solvent  and  with  the  temperature. 
This  expression  evidently  requires  that  any  solute  in  any  solvent  con- 
form to  the  mass-action  law  at  sufficiently  small  concentrations  (when  the 
term  D(cy)^  becomes  negligible);  and  Kraus  and  Bray  have  shown 
that  uniunivalent  salts  do  in  fact  conform  to  this  law  at  small  concentra- 
tions in  thesolvent  Uquid  ammonia,  in  which  reliable  conductance  measure- 
ments have  been  made  in  very  dilute  solutions  by  Franklin  and  Kraus,  ^ 
and  also  in  certain  alcoholic  solvents  which  have  been  studied  by  Du- 
toit  and  Duperthuis.'  Computations  made  by  Arrhenius^  have  shown  that 
the  mass-action  law  is  probably  also  conformed  to  by  solutes  in  aqueous 
solution  of  sahs  at  concentrations  below  0.0002  normal. 

It  seemed  nevertheless  desirable  to  confirm  and  extend  Dutoit's  mea- 
surements with  alcohols,  as  these  were  confined  to  a  few  concentrations 
and  as  they  have  recently  been  questioned  by  Walden.^  A  study  of  the 
conductance  of  sodimn  iodide  in  isoamyl  alcohol  and  in  propyl  alcohol 
and  of*  ammonium  iodide  in  isoamyl  alcohol  was  therefore  undertaken. 
As  will  be  seen,  the  results  of  this  investigation  are  in  substa&tial  agree- 
ment with  those  of  Dutoit  and  Duperthuis. 

This  investigation  was  carried  out  with,  the  aid  of  a  grant  made  to 
Professor  A.  A.  Noyes  by  the  Carnegie  Institution  of  Washington,  for 
which  we  wish  to  express  our  great  indebtedness.     We  also  wish  to  thank 
Prof.  C.  A.  Kraus  and  Prof.  A.  A.  Noyes  for  many  helpful  suggestions. 
2.  Preparation  of  the  Substances  and  Solutions. 

A  good  grade  of  isoamyl  alcohol  was  fractionated  repeatedly.    The 

1  Tms  Journal,  35,  1315-1434  (1913). 

•  Am.  Chem,  J.,  23,  277  (1900). 

•  7.  ckim.  phys.,  6,  699  (1908). 

^  Medddanden  fr,  k.  Vetenskapsakademiens  NobeUnstittU,  a,  No.  42,  1-12  (19 13). 

•  Z.  physik.  Chem.,  78,  257  (191 O* 
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portion  distiUing^  between  130.5^  and  131.5^  was  boiled  with  potassium 
hydroxide  for  several  hours  with  a  retumKxx>ler.  It  was  then  distilled, 
metallic  sodium  was  added  to  the  distillate,  and  the  alcohol  was  again 
distilled.  By  this  treatment  alcohol  was  obtained  which  had  a  specific 
conductance  of  1.5  X  io~*. 

The  pure  alcohol  was  preserved  in  an  amber-colored  bottle  from  which 
the  air  was  exhausted.  Preserving  the  alcohol  in  this  way  lessened  con- 
siderably the  difficulties  met  with  in  the  earUer  part  of  the  work,  where 
yellow  solutions  of  the  iodides  were  obtained.  The  conductivity  of  these 
solutions  also  decreased  rapidly,  especially  at  the  low  concentrations. 
Treating  the  alcohol  with  potassitmi  hydroxide  as  mentioned  above  re- 
moved this  difficulty;  but  it  was  necessary  to  repeat  this  treatment 
frequently  in  order  to  keep  the  alcohol  in  good  condition. 

The  propyl  alcohol  was  dried  with  metallic  sodium  and  fractionated, 
that  portion  distilling  within  the  limits  97.3^  and  97.5  °  being  used  for  the 
measurements.  This  had  a  specific  conductance  of  2  X  10^'.  The 
propyl  alcohol  solutions  also  showed  a  slight  tendency  to  become  colored; 
but  the  change  was  vety  slow,  and  by  carefully  purif3ring  the  alcohol  all 
trouble  was  avoided. 

The  sodium  iodide  was  prepared  by  neutralizing  purest  sodium 
hydrocarbonate  with  gaseous  hydrogen  iodide;  the  ammonium  iodide, 
by  passing  this  gas  into  pure  dry  liquid  ammonia.  Very  pure  am- 
monium iodide  was  also  obtained  by  subliming  the  commercial  salt 
in  a  vacuum.  Solutions  of  ammonium  iodide  prepared  from  the  salt 
obtained  by  these  two  methods  had  identical  conductances.  All  the 
salts  were  analyzed  for  their  iodine  content  by  precipitation  of  the  iodine 
as  silver  iodide.  The  analyses  in  every  case  showed  the  theoretical  amount 
of  iodine  within  0.1%.  The  hydrogen  iodide  was  prepared  according  to 
a  method  described  by  Travers.^ 

All  the  solutions  were  made  as  follows:  The  salt  in  the  form  of* pellets, 
thoroughly  dried  in  a  vacuum  at  150^,  was  weighed  and  placed  in  a  weighed 
container;  alcohol  was  quickly  added,  and  the  container  was  exhausted, 
sealed  off,  and  again  weighed.  From  the  weight  of  salt  and  alcohol, 
the  volume  concentrations  were  calculated  with  the  aid  of  density  values. 
The  density  measurements,  on  account  of  the  large  coefficient  of  expansion 
of  isoamyl  alcohol,  could  not  be  convenientiy  made  with  the  Ostwald- 
Sprengel  tjrpe  of  pycnometer.  A  small  narrow-neck  flask  of  about  25  cc. 
capacity  fitted  with  a  ground  glass  stopper  was  found  to  give  suffidentiy 
accurate  results  and  was  accordingly  employed. 

The  following  table  contains  the  values  of  the  density  measured  at  25* 
and  referred  to  that  of  water  at  4°. 
1  Travers  "Study  of  Gases/'  p.  51. 
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Table  I. — ^Dbhsxty  of  tsb  Iodide  S<»^ution8  at  25^. 

In  iwNunyl  alcohol.  In  propjrl  alcohol. 

O.  Mit  in  G.  Mlt  in 

Salt.         1000  g.  Mltttion.  Density.  Salt.  1000  g.  solution.  Density. 

None o  0.8110  None  o  0.8043 

Nal 35 -So  0.8346  Nal  13. 83  0.8141 

Nal 84.96  0.8712  Nal  14.26  0.8141 

NHJ 0.845  0.8119  Nal  80.70  0.8626 

NHJ 33.41  0.8254  Nal  93.50  0.8715 

NHJ 32.34  0.8308  Nal  159.9  0.9256 

3.  Apparatus  and  Method  of  Measurement. 

For  the  study  of  the  conductance  of  non-aqueous  solutions  the  methods 
hitherto  employed  are  not  well  adapted,  partly  owing  to  the  difficulty 
experienced  in  keeping  the  solutions  free  from  moisttu-e  or  other  atmos- 
pheric impurities  and  partly  owing  to  the  oxidizing  effect  which  the  oxygen 
of  the  ait  may  have  upon  organic  liqtiids.  Moreover,  it  is  generally 
necessary  to  deal  with  small  amounts  of  solvent,  and  consequently  the 
method  used  must  be  such  as  will  insure  reasonable  economy  of  material. 

A  new  form  of  apparatus  was  therefore  devised  tot  the  ptupose.  This 
is  shown  in  Fig.  i.  It  consists  of  two  parts,  the  cell  proper  M  and  the 
part  N  used  for  adding  known  amounts  of  solution  to  the  solvent  in  the 
cell.  The  cell  had  a  capacity  of  about  300  cc.  The  electrodes  are  shown 
at  A,  electrical  connection  being  made  with  these  through  the  small 
tubes  B  by  means  of  mercury.  The  electrodes  were  made  of  bright  plati- 
num. Two  different  cells  were  used.  In  the  larger  cell  the  electrodes 
had  an  area  of  about  10  sq.  cm.  and  were  placed  about  Vs  cm.  apart; 
in  the  smaller  cell  they  had  an  area  of  about  1.5  sq.  cm.  and  were  placed 
about  I  cm.  apart.  Since  it  was  necessary  to  shake  the  liquid  in  the  cell, 
these  electrodes  were  firmly  tied  together  by  means  of  glass  crossbars 
connecting  the  comers.  This  gave  reasonable  assurance  that  the  conduc- 
tance capacity  of  the  cell  would  not  change  during  the  measurements. 
However,  this  was  measured  frequently  to  make  certain  of  this.  The 
side  tube  C  was  merely  for  emptying  the  cell,  and  was  sealed  ojQf*  before 
carrying  out  the  measurements.  The  side  tube  at  E  was  used  in  exhaust- 
ing the  cell,  the  opening  at  D  being  closed,  either  by  the  dropper  N  or  by 
a  rubber  stopper.  The  cell  was  exhausted  with  a  rotary  oil  vacuum 
pump  capable  of  giving  a  pressure  as  low  as  o.ooi  mm.  After  thoroughly 
exhausting  it,  the  large  stopcock,  having  a  bore  of  i  cm.,  could  be  closed 
and  the  cell  handled  at  will. 

The  dropper  N  was  a  bulb  of  about  50  cc.  capacity.  The  deUvery  tube 
L  con^sts  of  a  very  fine  capillary  tube  having  a  diameter  of  about  0.75 
mm.  This  was  further  obstructed  by  a  fine  platinum  wire.  The  dropper 
was  closed  at  the  top  by  the  ground  glass  valve  F.  This  valve  was  kept 
tightly  closed  by  a  piece  of  rubber  tubing,  as  shown  at  H.    The  enlarge- 
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ment  at  G  is  part  of  a  ground  glass  joint  which  fits  into  the  cell  M  at  D. 
The  part  shown  at  P  is  a  small  glass  cap  which  fits  on  the  end  of  the  capil- 
lary tube.  This  was  provided  with  four  glass  prongs.  These  served  to 
catch  the  drops  of  liquid  just  before  they  fell.  On  falling  from  these  tips 
they  fell  freely  without  touching  the  sides  of  the  cell. 

In  addition  to  the  cell  just  described,  an  apparatus  was  constructed 
for  preserving  liquids  of  low  vapor  pressure  in  a  vacuum.  This  is  shown 
in  Fig.  2.  The  container  is  closed  by  the  small  valve  a,  which  can  be  opened 
by  raising  the  plug  with  an  elec- 
tromagnet acting  on  D.  This 
was  a  fiat  piece  of  iron  fixed  in 
place  in  the  glass  tube  by  means 
of  a  little  cement.  The  valve 
could  be  held  open  by  suspend- 
ing the  plug,  by  means  of  the 
lugs  c,  from  two  small  hooks  at- 
tached at  d  (not  shown  in  the 
figure).  When  closed  the  valve 
was  tightly  sealed  by  surrounding 
it  with  mercury  from  the  reser- 
voir B.  In  transferring  solvent  c 
the  cell  could  be  sealed  to  the 
container  at  /  and  the  whole  ap- 
paratus exhausted  through  a  side 
tube.  The  valve  a  could  then  be 
opened  and  the  solvent  distilled 
into  the  cell.  The  advantage  of  •v 
this  container  is  that  there  are 
jio  stopcocks  to  contaminate  the 
solvent  with  grease. 

To  make  a  measurement  the 
cell  was  thoroughly  dried,  ex- 
hausted, and  weighed.  The  re- 
quired amount  of  alcohol  (gener- 
ally about  50  cc.)  was  then  poured  into  the  cell,  and  the  cell  was 
again  exhausted  and  weighed,  after  which  the  conductivity  of  the  solvent 
^as  immediately  measured.  The  weighed  dropper,  in  which  was  a 
solution  of  known  concentration  (by  weight),  was  then  placed  in  position, 
and  the  small  space  above  the  large  stopcock  was  exhausted.  The 
stopcock  I  was  then  closed  and  the  large  stopcock  opened.  By  opening 
the  valve  F,  solution  varying  from  one  to  two  drops  to  any  desired 
volume  could  be  added.  The  large  stopcock  was  next  closed  and  air  was 
admitted  to  the  chamber,  after  which  the  dropper  was  removed  and 
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weighed.  The  solution  in  the  odl  was  then  thoroughly  mixed  and  the 
conductance  measured.  This  process  could  be  repe^lted  until  the  de- 
sired number  of  concentrations  had  been  obtained.  In  this  way  solutions 
were  easily  and  accurately  made  of  any  desired  concentration  up  to  the 
limit  which  could  be  measured  in  the  cell. 

The  conductance-capacity  of  the  cell  was  determined  in  the  usual  way, 
with  the  aid  of  a  0.005  normal  potassium  chloride  solution. 

The  measurements  were  made  with  an  ordinary  slide-wire  bridge  pro- 
vided with  a  platintun-iridium  wire,  which  had  been  previously  calibrated. 

The  conductance  of  the  solvent,  owing  to  its  small  value,  could  not  be 
measured  on  the  bridge.  In  order  to  obtain  this  value,  the  cell  was  at- 
tached directly  to  a  220-volt  circuit  and  the  current  passing  through  the 
cell  was  measured.  This  was  accomplished  indirectly  by  measuring  the 
voHage-drop  across  a  shunt  of  o.i  ohm,  by  means  of  the  swing  of  a  gal- 
vanometer. The  galvanometer  had  previously  been  calibrated  with  the 
aid  of  a  standard  cadmium  element  in  a  circuit  of  10,000  ohms  resistance. 
4.  The  Conductance  Data. 

The  conductance  data  are  presented  in  Tables  II,  III,  and  IV.  They 
are  given  in  the  order  in  which  they  were  originally  obtained.  Each  series 
consists  of  six  or  more  measurements  which  were  all  made  with  one  filling 

TaBL9  II. — CONDUCTANCA  DaTA  VOK  SoDIUM  lODmB  m  ISOAMYL  A1.COHOL. 


10»tf. 

lOiL. 

A. 

lOOA/A.. 

10»«. 

10«L. 

A. 

100  A/A.. 

0.00 

.... 

7.79 

100.00 

55.12 

74.36 

1.33 

17. II 

0.0763 

0.5306 

6.96 

89.35 

73.28 

94.67 

1.39 

16.59 

0.2153  . 

1.299 

6.03 

77.38 

10.30 

20.68 

2.01 

25.76 

0.50a 

3.538 

5.04 

64.63 

32.02 

35.51 

1. 61 

20.69 

0.942 

4.030 

4.28 

54.94 

48.80 

66.94 

1.37 

17.59 

1.58 

5.779 

3.67 

47." 

86.82 

112.64 

1.30 

16.65 

2.21 

7.274 

3.29 

42.26 

146.5 

192.7 

1.32 

16.88 

0.067 

0.475 

7.04 

90.37 

9.36 

19.33 

2.067 

26.53 

0.130 

0.850 

6.54 

83.98 

17.85 

30.37 

1.70 

21.82 

0.332 

1. 381 

5.95 

76.35 

34-95 

50.49 

1.45 

18.55 

0.386 

2.061 

5.35 

68.65 

74.43 

97.15 

1. 31 

16.75 

0.803 

3.57 

4.45 

57.15 

130.0 

169.14 

1.30 

16.69 

1.280 

4.996 

3.90 

50.09 

179.4 

237.5 

1.32 

16.98 

1.533 

5.654 

3.69 

47.33 

201.5 

270.1 

1.34 

17.20 

1. 617 

5.86 

3.63 

47.66 

270.5 

373.8 

1.38 

17.74 

6.714 

15.41 

2.30 

29.45 

322.2 

452.6 

1.40 

18.02 

15.93 

27.93 

1.75 

22.50 

374.1 

526.2 

1. 41 

18.05 

37.26 

53.36 

1.43 

18.37 

502.7 

702.8 

1.40 

17.95 

58.55 

78.32 

1.34 

17.18 

174.8 

231.5 

1.32 

16.98 

71.38 

93.72 

1.31 

16.85 

248.0 

336.6 

1.36 

17.42 

2.396 

7.48 

3.26 

41.82 

308.0 

430.1 

1.40 

17.92 

7.106 

15.91 

2.24 

28.74 

393  0 

554.8 

1. 41 

18.13 

^0.43 

33.39 

1.63 

20.98 

499.5 

697.9 

1.40 

17.93 

38.77 

54.93 

1. 41 

18. 19 
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TaBLS  III.— CONDI7CTANC9  DATA  VOR  AMMONIUM  lODWn  IN  ISOAMTI.  Al^COBOl. 


10*  «. 


KXL. 


lOOA/A.. 


lOi^ 


101  !«. 


100  A/^. 


o.oo 

.... 

7.92 

100.00 

2.290 

7.994 

3.49 

44.06 

0.0662 

0.471 

7.13 

90.00 

2.204 

7.42 

3.62 

45.68 

0.I5I 

0  938 

6.54 

82.56 

5.97 

15.40 

2.58 

32.57 

0.366 

2.035 

5.56 

70.18 

12.70 

25.67 

2.02 

25.50 

0.904 

4.073 

4.51 

56.88 

27.23 

45.07 

1.65 

20.88 

1.54 

5.976 

3.88 

48.95 

50.28 

73.07 

1.4s 

18.34 

2. IX 

7.446 

3.53 

44.54 

71.05 

98.48 

1.39 

17.50 

O.OS75 

0.4304 

7.3a 

92.35 

3.23 

10.13 

3.13 

39.54 

0.1707 

1.099 

6.440 

81.29 

6.57 

16.39 

2.49 

31.48 

0.3043 

1.752 

5.76 

72.65 

13.81 

27.47 

1.99 

25.10 

0.7909 

3.679 

4.650 

58.70 

29.75 

48.17 

1.62 

20.42 

1.39 

5.583 

4.015 

50.68 

47.27 

71.34 

1.46 

18.44 

1. 81 

6.713 

3.714 

46.88 

67.35 

94.10 

1.40 

17.63 

0.051 

0.377 

7.47 

94.30 

62.88 

87.93 

1.397 

17.63 

0.1x7 

0.800 

6.87 

86.72 

88.35 

1x8.8 

1.346 

16.99 

0.263 

X.556 

5.94 

74.98 

112.7 

150. 2 

1.332 

16.81 

0.644 

3.180 

4.94 

62.36 

137.0  . 

182.8 

1.335 

16.85 

1.365 

5.520 

4.04 

51.00 

171.7 

229.6 

1.337 

16.88 

2.208 

7.720 

3.49 

44.09 

58.08 

82.03 

1.412 

17.82 

0.0577 

0.4286 

7.43 

93.79 

81.30 

110.2 

1.356 

17.12 

0.13x6 

0.8947 

6.80 

85.79 

102.6 

137.1 

1.336 

16.87 

0.2617 

1.598 

6.11 

77.13 

127.9 

169.7 

1.326 

16.74 

0.6980 

3.395 

4.87 

61.41 

161.8 

215.9 

1.334 

X6.84 

1.376 

5.567 

4.0s 

51.06 

TaBL9  IV.— CONDUCTANCa  DATA  VOK  SODIUM  lODIDS  IN  PKOFTI,  Ai<COBOL. 

10*  «. 

lOiL. 

A. 

100  VA.. 

lOic 

lOiL. 

A. 

100  A/A. 

0.00 

» • .  • 

20.10 

100 

53.40 

448.6 

8.40 

41.8 

0.0447 

0.9057 

20.25 

. .  • 

75.08 

585.2 

7.79 

S8.7 

0.1693 

3.26 

19.26 

95.8 

2.303 

35.57 

15.42 

76.7 

0.4553 

8.276 

18.17 

90.4 

5.092 

69.28 

13.61 

67.7 

1.074 

18.12 

16.87 

83.9 

12.37 

141.65 

11.44 

56.9 

2.083 

32.57 

15.62 

77.7 

29.81 

283.6 

9.510 

47  3 

0.0623 

1.244 

19.94 

99.2 

53.85 

431.4 

8.38 

41.7 

O.1581 

3.060 

19.36 

96.3 

77.45 

601.9 

7.77 

38.6 

0.2261 

4. 311 

19.06 

94.8 

28,53 

272.6 

9.55 

47.5 

0.3902 

7.167 

18.36 

91.3 

55.4 

459.2 

8.29 

41.2 

0.6591 

11.69 

17.72 

88.2 

106.1 

767.0 

7.23 

36.0 

1.055 

17.90 

16.96 

84.4 

187.6 

1219.5 

6.5 

32.3 

1.498 

24.41 

16.30 

81. 1 

315.6 

1872.0 

5.93 

29.5 

2.260 

35.04 

15.5 

77.1 

35.18 

321.1 

9.14 

45.4 

2.310 

35.61 

15.40 

76.7 

129.7 

903.4 

6.97 

34.8 

5.89 

77.93 

13.23 

65.8 

242.9 

1506.5 

6.21 

30.9 

13.26      149.7 

27.77        272.6 


11.28       56.x 
9.815     48.8 


362.0       2108.0         5.82       28.9 


of  the  cell.    In  the  first  column  the  concentrations  10'  c  are  given  expressed 
in  milliequivalents  of  salt  per  liter  of  solution.    In  the  second  column  are 
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given  the  specific  conductance  h  expressed  in  reciprocal  ohms  and  mul- 
tiplied by  10*.  In  the  next  column  are  given  the  eqxiivalent  conductances 
A  expressed  in  reciprocal  ohms;  and  in  the  last  column  are  given  the  con- 
ductance-ratios  A/Ao  multiplied  by  100. 

5.  Ttaatment  of  fha  Results. 

If  the  mass-action  law  is  conformed  to  in  dilute  sotutions,  the  equation 
cA  »:  (i/A)  KAo*  —  KAo  holds  true,  and  a  straight  line  would  be  obtained 
by  plotting  i/A  against  cA.  Extrapolation  to  zero  concentration  would 
then  give  the  value  of  i/Ao.  From  this  value  of  Ao  that  of  iCcanbe  cal- 
culated directly  from  the  above  equation  by  introducing  known  values 
of  c  and  A,  or  it  can  be  obtained  by  determining  the  slope  of  the  line  on 
the  plot. 

Plots  made  in  this  way  showed  that  the  mass-action  law  is  conformed 
to  in  very  dilute  solution;  for  up  to  an  ion-concentration  about  0.0004 
normal  the  points  fall  nearly  on  a  straight  line.  Thus  in  the  case  of  am- 
monium iodide  in  isoamyl  alcohol  the  average  deviation  from  the  best 
representative  straight  line  of  the  twelve  points  corresponding  to  the  values 
of  I /A  determined  between  the  ion  concentrations  0.00005  <^d  0.0004  is 
0.8%;  and  in  the  case  of  sodium  iodide  in  isoamyl  alcohol  the  average 
deviations  of  the  corresponding  ten  points  is  0.4%.  A  plot  showing  these 
results  is  presented  in  Fig.  3.    The  results  with  sodium  iodide  in  propyl 
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alcohol  show  a  correspondingly  good  agreement  with  the  mass-action  law: 
when  plotted,  only  the  two  measm^ments  at  the  two  lowest  concentra- 
tions (45  and  62  X  10''*  normal)  show;  an  appreciable  deviation  from  the 
best  representative  straight  line. 

The  Ao  values  obtained  from  such  plots*  are  given  atthe  beginning  of  Tables 
II,  III  and  IV.  The  value  given  for  ammonium  iodide  is  only  approxi- 
mate.* The  value  for  sodium  iodide  (7.79)  is  somewhat  lower  than  the 
value  (7.S7)  found  by  interpolation  from  Dutoit's  results. 

By  transposing  the  Kraus  equation  and  taking  the  logarithm  of  both 

sides  we  get  the  equation  log  f    _    —  Kj  =  m  log  cy  +  log  D.    Hence, 

a  straight  line  should  be  obtained  by  plotting  the  first  member  of  this 
equation  as  ordinates  against  log  cy  as  abscissas,  and  the  slope  of  this  line 
should  give  m  and  its  intersection  with  the  axis  of  ordinates  log  D. 

Plots  made  in  this  way  (with  the  aid  of  a  provisional  value  of  K  derived 
from  the  dilute-solution  plots  referred  to  above)  showed  a  very  good 
agreement  with  the  Kraus  equation,  especially  in  the  more  concentrated 
solutions.  Variations  in  the  dilute  solutions  were  to  be  expected,  since 
the  equation  is  so  sensitive  in  this  region  to  the  value  assumed  for  K. 
Having  determined  from  such  plots  the  value  of  the  constant  m,  the  con- 
stants D  and  K  were  more  accurately  determined  by  plotting  cy*/(i  —  y) 
against  (cy)^.  For  the  equation  cy*/(i  —  7)  =  if  +  D{cy)^  requires  that 
this  graph  should  be  a  straight  line,  the  slope  of  which  corresponds  to  the 
value  of  D  and  its  intersection  on  the  axis  of  ordinates  to  the  value  of  K, 
Using  this  new  value  of  if  in  a  logarithmic  plot  of  the  kind  first  described, 
new  values  of  m  and  D  were  obtained. 

The  final  values  of  the  constants  so  computed  are  given  in  Table  V. 
Tabui  v.— Constants  op  ths  Kraus  Equation. 

Alcohol.  Salt.  Ae.  10*  JT.  m.  D. 

Isoamyl Nal  7.79  5.85  1.2  0.374 

Isoamyl NHJ  8.00  6.93  1.17  0.324 

Propyl Nal  20.10  38.3  o-75  0.208 

1  Walden  (Z.  physik.  Chem.,  78,  257  (191 1))  has  taken  exception  to  this  method  of 
determining  Ao ,  involving  the  assumption  that  the  mass-action  law  is  obeyed  in  dilute 
solution,  and  has  attempted  to  show  that  Ao  is  better  determined  by  using  the  KoU- 
rausch  extrapolation  formula.  This,  however,  is  a  purely  empirical  relation,  and  in 
view  of  the  present  facts  its  use  hardly  seems  to  be  justified. 

•  This  vahie  is  in  fact  about  1%  higher  than  the  value  (7.92)  obtained  by  extra- 
polation on  the  dilute-solution  plot.  The  reasons  for  the  choice  of  this  value  were  that 
variations  took  place  in  the  cell-constant  during  the  measurement  of  the  dilute  soln- 
tions  which  made  the  extrapolation  somewhat  uncertain  and  that  this  value  fitted  the 
results  in  concentrated  solutions  much  more  aocurately  than  the  extrapc^ated  value. 
In  other  words,  the  Ao  value  was  really  obtained  by  extrapolation  from  the  concentrated 
solutions. 
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In  Table  VI  are  given  side  by  side  the  ''observed"  equivalent  conductance 
values  acctuated  interpolated  on  a  large-scale  plot  of  A  against  log  c 
and  the  ''calculated"  equivalent  conductance  values  computed  by  the 
Kraus  equation  C7V(i  —  t)  =  -RT  +  I>(c7)*  with  the  aid  of  the  constants 
given  in  Table  V.  The  column  heading  lo*  c  gives  the  concentration  in 
milliequivalents  of  salt  per  liter  of  solution. 

TaBLS  VI. — OBSERVE)  AND  CaLCULATBD  VaLXTBS  OF  TO^  EfiUIVikLSNT  CONDUCTANCS. 


NftI  In  iMMunyl  alcohol. 

NHa  in  lioamrl  alcohol. 

Nalin 

propyl  alcohol. 

10»<. 

Aobt.     Acalc.     %dlff. 

Aoba.     Acalc.     %  diff. 

Aobt. 

A  calc.      %  dUr. 

0.00 

7.79        

7.92         

20.10 

.  I . 

0.05 

7.1S2   7.194   +0.17 

7.396  7.476   +1.08 

(ao.ii) 

...             . . 

O.IO 

6.656  6.658   +0.33 

7.032   7.105    +1.04 

19.65 

19.53  — 0.61 

0.20 

6. 115  6.142   +0.43 

6.256  6.352    +1.54 

19.17 

19.13  —0.21 

0.40 

5.307  5.335   +0.53 

5.464  5.598   +2.46 

18.42 

18.49  +0.38 

0.80 

4.451  4.460  +0.20 

4.672  4.794   +2.62 

17.38 

17.56  +1.03 

1. 00 

4.184  4.183  —0.03 

4.408  4.542    +3.03 

17.00 

17.21    +1.24 

2.0 

3.394  3.374  —0^61 

3.588  3.663   +2.23 

13.73 

16.03   +1.90 

3^0 

3.560  3.534  — 1.03 

2.656  2.676   +0.75 

13.62 

13.56  —0.44 

10. 0 

2.034   1.995  —1.43 

2.168  2.164  — 0.186 

12.04 

11.80  —1.99 

20.0 

1.649    1.635  — 0.69 

1.776   1.763  —0.73 

10.44 

10.31  —1.23 

40.0 

1.408    1.404  — 0.28 

1.448   1.456   +0.55 

8.90 

8.82  —0.90 

ICX> 

1.294   1-290  —0.31 

1.336   1.339   +0.22 

7.33 

7.26  —0.9s 

no 

1. 312    1.309   +0.023 

1.332   1.335    +0.22 

6.85 

6.79  —0.88 

300 

1.339   1.336  — 0.23 

300 

1.393  1-400  +0.50 

400 

1. 413    1.459    +3.20 

300 

1.396       

It  will  be  seen  that  the  agreement  of  the  observed  values  with  those 
calculated  by  the  Kraus  equation  is  fairly  close  (except  at  the  highest 
concentration  in  the  case  of  sodium  iodide  in  isoamyl  alcohol)  concentra- 
tion. 

6.  Summary. 

In  this  article  has  been  described  an  accurate  method  of  determining 
conductances  in  an  evacuated  apparatus. 

Results  have  been  presented  on  the  equivalent  conductance  of  sodium 
iodide  and  ammonium  iodide  in  isoamyl  alcohol  and  of  sodium  iodide  in 
propyl  alcohol  from  a  concentration  of  about  0.00005  normal  up  to  satura- 
tion (about  0.5,  0.2,  and  0.4  normal),  respectively. 

It  has  been  shown  that  up  to  an  ion  concentration  of  '0.0004  normal 
these  electrolytes  conform  to  the  mass-action  law;  and  that  their  conduc- 
tance is  expressed  throughout  the  whole  range  of  concentration  by  the 
equation  <:7*/(i  —  7)  =  AT  +  D{cy)^  proposed  by  Kraus,  in  which  c 
is  the  concentration,  y  is  the  conductance-ratio  A/A©,  and  K,  D,  and  m 
are  empirical  constants.  Thus  the  corresponding  generalizations  drawn 
by  Kraus  and  Bray  are  confirmed  by  these  results. 

BoBTOii,  April,  1916. 
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[COMTUBUrzON  FROM  TH8  GBOPBYSICAI,  LaB<»ATOKY  O0  THS  CABNBOm  iNSTinmON 

OF  Washington.] 
THE  DISSOCUTION  OF  FERRIC  OXIDE  IN  AIR.' 

By   J.   C.   HOSTBTTSK  AND  R.   B.  SOUCAlff. 

RcedTed  May  1.  1916. 

In  a  paper  which  appeared  in  the  April  number  of  This  Journal,* 
the  authors  showed  by  measurements  of  dissociation  pressure  that  ferric 
oxide  (FesOs)  and  magnetite  (PeiOO  form  a  continuous  series  of  solid 
solutions  from  Fc^d  to  FeiOi,  or  at  least  to  a  point  very  near  Fei04. 

The  form  of  the  dissociation-pressure  curves  at  iioo^  and  1200^  near 
the  composition  of  pure  Fetd  offers  special  interest  These  curves  rise 
Minmra/a  •  rapidly  as  the  percentage  of 

M^Mof^mm  peO  approaches  zero,  as  if 

M;Sr."J2:^«.«r;p*.)  ^  ^""^^  asymptotic  to  the 

axis  of  ordinates  (see  Fig.  i). 

The  form  of  the  curves  led 

us  to  suggest'  an  explanation 

of  an  observation  made  by 

Baxter   and  Hoover  duiiog 

their   work   on   the   atomic 

1^     V  weight  of  iron.*    These  in- 

I        ^^^-.^.^gg^  vestigators  found  that  there 

^  was  a  constant  difference  m 

weight,  amounting  to  about 

0.2  mg.  in  5  g.,  or  0.004%, 

between  FesOa  heated  in  a 

current  of  air  and  the  same 

oxide  heated  in  a  current  of 

oxygen;  the  temperature  was 

not  measured  but  was  esti- 

Dfssocii^tfon  (cmf^prBUum  otmm         mated  to  be  in  the  ndghbor- 

Fig.  I. — Pressure-composition  isotherms  of  the  S3r8- hood  of  iioo®.     The  oxygen 

tem  Fe,0r-Fci04.  y^lue  was  the  higher,  and  the 

atomic  weight  of  uron  derived  therefrom  agreed  closely  with  that  obtained 

from  FeBrj.    Baxter  and  Hoover,  however,  very  naturally  hesitated  to 

believe  that  there  could  be  any  dissociation  of  FeiOt  at  iioo^  under  a 

pressure  of  152  mm.  of  oxygen,  since  Walden's  results*  had  shown  that 

Fei04  is  formed  in  air  only  above  1350*;  they,  therefore,  ascribed  the  higher 

weight  in  pure  oxygen  to  occlusion  of  a  small  quantity  of  this  gas. 

^  Presented  at  the  Urbana  meeting  of  the  Sodety,  April  18,  19 16. 

•  Tras  Journal,  381  807-833  (1916). 
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*  Loc.  cU,,  p.  828. 

*  This  Journal,  34, 1657-1669  (1912). 
» Ibid,,  30,  1350-1355  (1908). 
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If  the  diffqrcnce  in  weig^  between  igmtk»is  in  air  and  in  oxygen  is 
due  to  occlusion  of  oxygen,  then  as  the  temperature  is  raised  the  differ- 
ence should  either  be  constant  or  should  decrease,  since  it  is  very  tm- 
likely  that  the  amotmt  of  occluded  oxygen  would  be  greater  at  high  tern- 
perattu^s  than  at  low  temperatures.  If,  on  the  other  hand,  the  differ- 
ence is  due  to  true  dissociation,  it  is  to  be  expected  that  the  slope  of  the 
curves  of  dissociation  pressure  against  composition  (at  constant  tem- 
perattu^)  between  152  and  760  mm.  of  oxygen  will  increase  with  the 
temperature,  and  that  the  difference  in  weight  between  oxygen  and  air 
ignitions  will,  therefore,  also  increase  with  the  temperature.^  This  point 
seemed  more  easily  susceptible  of  proof  than  it  turned  out  to  be,  but 
the  results  which  follow  show  clearly  that  a  small  but  appreciable  amount 
of  dissociation  of  Fe20a  does  occur  in  air  at  temperatures  above  1000^. 

Materials. — ^Ferric  oxide  from  pure  electrolytic  iron  through  the  ni- 
trate, and  Kahlbaum's  purest  ferric  oxide,  were  used  in  the  experiments 
described  below.*  The  oxygen  was  the  commercial  product  supplied  in 
cylinders.'  It  was  purified  by  passing  through  a  train  containing,  in  the 
order  named,  soda-lime,  calcium  chloride,  sulfuric  and  chromic  acid, 
soda-lime,  calcium  chloride,  copper  oxide  at  650-700^,  potassium  hydroxide 
which  had  been  fused  with  permanganate,  and  phosphorus  pentoxide. 
The  air  was  also  taken  from  a  tank,  and  was  purified  through  the  same 
train.  The  line  contained  no  stopcocks,  and  all  joints  were  either  sealed 
glass  or  Wood's  metal  joints,  so  that  there  was  no  chance  of  contamina- 
tion of  the  gas  current  by  reducing  vapors  from  lubricated  joints  or  stop- 
cocks. 

Apparatus. — ^A  horizontal  tube  furnace  was  used,  made  of  platinum 
wire  wound  on  an  alundum  furnace  core.  The  arrangement  of  the  igni- 
tion tube  is  shown  in  section  in  Fig.  2.  The  central  tube  was  at  first  of 
fused  silica,  later  of  Haldenwanger  porcelain,  20  mm.  inside  and  25  mm. 
outside  diameter.  This  was  connected  at  one  end  to  a  fused  silica  tube 
by  means  of  a  water-cooled  brass  sleeve  and  Wood's  metal  fillings.  The 
brass  sleeve  had  a  side  tube  for  the  admission  of  oxygen  or  air.  The  end 
of  the  silica  tube  was  closed  by  a  brass  sleeve  with  a  screw  cap,  in  which 
was  a  smaller  brass  bushing  large  enough  for  a  i  mm.  platinum  wire. 

^  It  is  assumed  that  the  oxide  is  cooled  rapidly  enough  to  avoid  reozidation  as  the 
temperature  falls.  This  was  accomplished  in  our  experiments  by  withdrawing  the  boat 
quickly  into  a  water-cooled  silica  tube.  The  rate  of  reozidation  is,  however,  so  slow 
that  cooling  the  boat  in  the  furnace  itself  by  merely  shutting  off  the  current  will  produce 
differences  of  weight  between  air  and  oxygen  ignitions. 

*  These  oxides  have  been  described  in  our  previous  paper  (p.  811).  The  oxide 
from  electrolsrtic  iron  used  here  was  not,  as  there  described,  made  directly  from  the 
first  nitrate,  but  from  a  recrystallized  nitrate. 

*  Manufactured  by  the  Linde  Air  Products  Company.  Baxter  and  Hoover  also 
used  Linde  oxygen. 
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At  the  oppodte  end  of  the  fttmaoe  the  porcelain  tube  was  closed  by  a 
water-cooled  brass  cap  through  which  entered  the  platinum-platinrhodium 
thermodement. 

Both  platinum  and  alundum  boats  were  used.  Further  details  conoem- 
iD^  these  will  be  contained  in  the  eacperimental  results. 

Weighings  were  made  on  an  Ainsworth  tjrpe  QA  analytical  balance 
adjusted  to  a  sensibility  of  o.oi  mg.  By  controlling  the  atmoq>here  within 
the  balance  by  means  of  caustic  potash,  and  taking  weighings  at  measured 
intervals  after  removal  from  the  desiccator,  it  was  found  possible  to  ob- 
tain results  reproducible  to  0.02  mg.  in  ia-15  g.,  including  all  the  varia* 
tions  possible  in  igniting  and  handling  the  boat. 

The  temperature  gradient  of  the  furnace  tube  was  explored  by  means 
of  a  thermoelement.  At  1300^  the  temperattu-e  was  imiform  within  15*^ 
over  the  length  of  the  boat,  which  was  100  mm.  long. 

Procedure. — The  furnace  was  first  heated  to  a  definite  constant  tempera- 
ture, with  the  boat  and  charge  standing  in  the  silica  cooling  chamber 
and  oxygen  or  air  passing.  When  constant  conditions  were  attained, 
the  boat  was  pushed  into  place  in  the  center  of  the  furnace  by  means  of 
a  platinum  wire.  At  the  end  of  the  heating,  the  boat  was  rapidly  with- 
diawn  by  means  of  the  wire  to  the  water-cooled  silica  cooling  chamber, 
from  which  it  was  transferred  when  completely  cooled  to  a  desiccator 
containing  phosphorus  pentoxide. 

Constancy  of  Weight  of  Platinum. — ^Por  the  first  experiments  a  boat 
of  pure  platinum  was  used,  as  in  the  work  of  Baxter  and  Hoover.  When 
heated  alone  in  oxygen  and  in  air,  the  boat  lost  very  little  weight,  much 
less  than  was  to  be  expected  from  the  results  of  the  experiments  of  Burgess 
and  Sale.^ 

In  the  presence  of  iron  oxide,  however,  a  decidedly  different  result  was 
obtained.  Two  different  effects  are  distinguishable:  (i)  At  a  tempera- 
ture of  1200°  or  higher,  the  platinum  reacts  with  the  ferric  oxide,  absorbing 
iron  and  giving  o£f  oxygen;'  the  net  result  is  a  loss  in  total  weight,  but  a 
gain  in  the  weight  of  the  boat  as  determined  after  removing  the  oxide  and 
cleaning  the  boat  in  hydrochloric  add.  (2)  Below  1200^  there  is  still 
a. continuous  loss  in  total  weight,  though  less  than  at  higher  tempera- 
tures; but  the  weight  of  the  boat  alone  shows  an  equivalent  loss.  In 
other  words,  the  ferric  oxide,  while  remaining  constant  in  weight,  seems 
to  have  acted  as  a  catalyzer  for  the  oxidation  of  the  platinum  by  gaseous 
oxygen. 

The  summarized  records  of  the  heatings  and  the  changes  in  weight  of 
the  boat  are  presented  in  Table  I.  In  ne^ly  all  cases  the  loss  of  the  boat 
when  containing  Fe^Og  is  very  much  greater  than  its  loss  alone.    The  only 

*  /.  Ind.  Eng.  Chem.,  7,  561-564  (1915);  Bull.  Bur,  Standards,  la,  289-316  (x9i5)* 
'  Sosman  and  Hostetter,  /.  Wash,  Acad.  Sci.,  5,  393-303  (1915). 
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exception  is  Hie  set  of  two  heatings  covering  34  hours  which  gave  a  loss 
of  only  0.04  mg.;  in  this  case,  however,  over  half  of  the  heating  was  at 
xooo^,  and  the  heatings  were  made  in  a  current  of  air,  both  cooditians 
being  unfavorable  for  oxidation  of  platinum.  A  part  of  the  losses  after 
heating  with  FcsOs  must  undoubtedly  be  ascribed  to  solution  of  platinum 
fay  hot  dilute  HCl,  in  which  the  boat  was  allowed  to  stand  for  about  one 
minute  in  order  to  remove  adhering  powder  of  FetOs.  The  loss  so  caused 
must  have  been  very  small,  however,  because  standing  half  an  hour  in 
concentrated  HCl,  which  in  the  presence  of  air  is  known  to  dissolve  plat- 
inum, removed  only  o.io  mg. 

Tabus  I. 
Changes  of  Weight  of  Platinum  Boat  when  Heated  Alone  and  in  Presence  of  Pe«0». 


Number  of 

Time. 

Boat 

Chance  of 

htttins*. 

hourt. 

Gas. 

Temperature. 

contained. 

Wt^mt. 

wt..mg. 

0 

0 

13158.60 
13156.88 

6 

30.9 

Air  and 

oxygen 

IO50-HOO" 

Fe,0, 

—1.72 

X 

5.0 

Air 

1 150** 

Fe,0, 

13154-41 

I 

4 

17.5 

Air 

H40-I230' 

Fe,0, 

13155.25 

+  I.II 

7 

33.6 

Air  and 

oxygen 

I075-II05* 

FeiO, 

13154-45 

— 0.80 

I 

5.0 

Oxygen 

HOC** 

Nodiarge 

13154-40 

— 0.05 

z 

5.0 

Air 

iioo" 

No  charge 

13154.30 

— 0.10 

X 

16.  d5 

Oxygen 

I  ICO* 

No  charge 

13154.49 
13154-43 

. . .  .* 
— 0.06 

3 

36.5 

Oxygen 

1100* 

Fe,0, 

13150.14 
13150.04 

—4.29 
— O.IO* 

2 

34.0 

Air 

IIOO-IOOO* 

Fe,0. 

13150.00 

—0.04 

4 

4a. 0 

Oxygen 

IO5O-II0O' 

Fe,0« 

13x49. x8 

—0.82 

It  is  conceivable  that  heating  for  a  long  time  in  oxygen  might  pixt 
the  surface  of  the  platinum  in  a  condition  to  be  more  easily  attacked 
by  dilute  HCl.  To  test  this,  the  platinum  boat  in  which  the  various 
alundum  series  were  heated  (see  following  section),  which  had  been  ex- 
posed to  oxygen  and  air  at  temperatures  of  1100-1300°  for  a  total  of  573 
hours,  was  treated  with  hot  dilute  HCl  in  the  usual  manner.  It  lost 
0.30  mg.,  and  on  a  second  treatment  o.ii  mg.  Even  after  this  long  heat- 
ing, therefore,  the  loss  caused  by  the  HCl  treatment  is  considerably  less 
than  the  losses  produced  in  a  few  hours  by  heating  in  contact  with  FetO^. 

The  average  loss  of  weight  per  hour  of  the  boat  heated  alone,  as  cal- 
culated from  the  figures  of  Table  I,  is  0.006  mg. ;  the  average  loss  per  hour 
when  heated  in  contact  with  FeaOs  is  0.043,  or  seven  times  as  great.  There 
is  certainly  a  decided  difference  in  the  effect  of  the  two  sets  of  conditions, 
which  seems  best  explained  by  assuming  a  catalytic  action  of  Fe^Qs  on 
the  reaction  between  platinum  and  oxygen.  This  cataljrtic  effect  of  ferric 
oxide  on  certain  oxidation  reactions  has  long  been  known.     Its  effect 

^  Boat  accidentally  amalgamated.     Cleaned  in  HNOt  and  HCl. 

•  New  set  weights. 

*  Stood  30  mtn.  in  cone.  HCl. 
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on  the  oxidation  of  sulfur  dioxide  by  oxygen  is,  perhaps,  the  most  famiUar. 
In  the  hope  of  getting  a  boat  that  would  be  more  constant  in  weight, 
we  obtained  from  the  American  Platinum  Works  a  boat  made  of  an  alloy 
containing  4%  of  rhodium.  This  lost  weight,  when  heated  alone,  even 
more  rapidly  than  the  old  boat.    The  figures  are  given  in  Table  II. 

Tabus  II. 
Loss  of  Weight  of  Boat  Containing  4%  Rhodinm. 

Treatment.                                                      Wt.,  mg.  Lon,  mg,    Lom  per  hour,  mg. 

Original  weight 16774.45 

Heated  17.0  hours,  in  oxygen,  at  iioo**  with 

basic  ferric  nitrate  in  boat 16768.89  5.56               0.33 

Heated  alone  3.0  hours,  in  oxygen,  at  1 100^ . .   16768 .49  o .  40               o .  13 

Heated  alone  3.0  hours,  in  oxygen,  at  1 100 ^. .   16768 .34  0.35               o. 08 

The  result  must  not  be  taken  as  an  indication  that  the  presence^  of 
rhodium  increased  the  rate  of  loss.  This  particular  boat  was  made  after 
the  European  war  had  cut  off  the  supply  of  pure  platinum  and  rhodium, 
and  probably  contamed  a  little  iridium,  indications  of  which  were  seen 
on  the  thermoelement  tubes.  Iridium  is  known  to  be  considerably  more 
volatile  than  platintmi  or  rhodium,  and  its  presence  would  cause  a  greater 
rate  of  loss  from  the  platinum-rhodium  boat. 

Constancy  of  Weight  of  Alundum  Boats. — ^Alundum  gave  much  more 
satisfactory  results  at  all  temperattu-es  than  did  platintmi.  It  is  almost 
absolutely  constant  in  weight  at  1200^  and  lower.  This  is  not  surprising, 
when  it  is  considered  that  alumina  is  a  fully  saturated  oxide,  while  plat- 
inum is  an  oxidizable  metal. 

The  so-called  * 'alundum"  .boats  are  made  of  fused  pure  alumina,  bonded 
together  by  a  vitrified  silicious  bond.  The  boats  which  we  used  were  of 
the  composition  designated  as  "RA  84."  Above  1200*'  they  lost  weight 
at  a  tmiform  rate,  probably  because  of  volatilization  of  alkaU  or  silica  from 
the  bonding  material.  The  changes  in  weight  of  an  alundum  boat  are 
shown  in  Fig.  3.  To  prevent  the  loss  of  small  particles,  which  we  found 
were  scraped  off  when  the  unprotected  boat  was  dragged  through  the  fur- 
nace tube,  the  boat  was  placed  inside  of  a  platinum  boat,  from  which  it 
was  removed  for  weighing.  At  1300**,  the  highest  temperature  used,  the 
alundtmi  showed  no  sign  of  sticking  to  the  platintmi,  and  it  seemed  to  lose 
no  weight  through  abrasion  in  handling. 

To  test  the  effect  of  the  binding  material  on  the  loss  of  weight,  we 
made  several  ignitions  on  a  boat  made  of  the  mixttu-e  "RA  98,"  which  is 
more  porous  and  contains  less  binder  than  **RA  84."  The  loss  was  de- 
cidedly less  at  1300^  but  was  still  measurable  at  1200®.  The  restilts  on 
alundtmi  are  contained  in  Table  III. 

The  question  of  a  possible  reaction  between  ferric  oxide  and  the  material 
of  the  boat  must  also  be  considered.    At  1200^  no  evidence  of  reaction 
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could  be  found.    At  1300  ^»  the  highest  temperature  used,  microscopic 
examination  showed  that  a  trace  of  FetOs  had  been  taken  up  by  the 
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Fig.  3. — Changes  in  weight  of  alundum  boat  of  composition  "RA  84"  heated  in  oxygea. 

vitreous  binder  of  the  boat,  but  that  no  reaction  had  occurred  with  the 
fused  alumina* 

Tabls  III. 
hosB  of  Weight  of  Alimdum  Boats  Heated  in  Oxygen. 
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Temperature.        Time,  hours. 


1300' 
1300" 
1300** 
1300" 

1250* 
1250** 
1250* 
laso* 

1200* 
1200' 

1200® 
1200** 
1300** 
1300  ** 


16.5 
23.0 
19. 1 
20.9 

16.0 

17.4 
26.0 
20.5 
16.9 
26.8 

17.5 
52.7 
18.2 
19.8 


Wt..  mg. 

RA  84 
S680.86 
8680.45 
8680.17 
8679.92 
8679.85 
8679.72 
8679 . 42 
8679.23 
8679.26 
8679.26 

RA  98 
6690.12 
6689.90 
6689.80 
6689.56 


ChAiige,  mg.     Change  per  hour,  mg. 


— 0.41 
— 0.28 
— 0.25 
— 0.07 
— 0.13 
— 0.30 
—0.19 

+0.03 
0.00 


>.22 
>,IO 
>.24 


.015 


.009 


-f-O.OOI 

— 0.004 
— a.009 


Dissociation  of  FosOf — On  account  of  the  changes  in  weight  of  plat- 
inum in  contact  with  FesOt»  the  results  obtained  with  the  platinum  boat 
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were  not  entirely  satisfactory.  A  difference  in  weight  between  air  and 
oxygen  ignitions  was.  dearly  shown,  however,  as  will  appear  from  Fig.  4. 
The  curve  represents  the  changes  in  weight  at  iioo^  of  ferric  oxide  made 
from  tutrate  (electrol3rtic  iron)  after  correction  for  the  change  in  weight 
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Pig.  4. — Changes  in  weight  of  ferric  oxide  heated  in  a  platinum  boat  in  air  and  in 

oxygen. 

of  the  platintun  boat.  To  eliminate  the  small  losses  caused  by  removal 
of  the  oxide  from  the  boat,  which  was  done  twice  during  the  series,  the 
weights  are  all  referred  to  a  common  basis.  The  original  weight  of  oxide 
was  12.196  g.,  and  the  weight  of  the  boat  13.154  g. 

The  series  made  in  the  alundmn  boat  is  plotted  in  Fig.  5.  The  boat 
weights  were  corrected  according  to  the  rates  of  loss  shown  in  Fig.  3, 
and  were  then  deducted  from  the  total  weights  as  determined,  to  give  the 
data  plotted  in  Fig.  5.    Kahlbaum's  oxide  was  used. 

It  will  be  evident  from  the  ciun^es  of  Fig.  5  that  a  prompt  change  of 
weight  follows  each  change  from  air  to  oxygen  or  back  again,  the  weights 
in  air  being  lower  than  those  in  oxygen.  Fiuthermore,  the  difference 
between  air  and  oxygen  is  greater  at  the  higher  temperatures  than  at  the 
lower.  This  indicates  that  the  diflFerences  in  weight  are  due  not  to  ad- 
sorption of  oxygen  at  the  higher  oxygen  pressure,  but  to  a  small  amount 
of  dissociation  of  Fe208  in  air. 

Coincident  with  the  series  of  weight  changes  there  occurs  a  gradual 
increase  in  the  total  weight  of  the  oxide.  This  must  come  from  the  subli- 
mation of  some  substance  on  to  the  oxide  charge,  possibly  platinum, 
or  alkali  or  silica  from  the  porcelain  tube.     This  steady  gain  in  weight, 


Digitized  by 


Google 


1 196 


J.  C.  HOSTETTBR  AND  R.  B.   SOSICAN. 


independent  of  the  dissociation  and  re-oxidation,  was  confirmed  by  another 
series  made  at  xioo-1200^  in  oxygen  in  an  alundum  boat,  with  a  new 
charge  of  Kahlbaum's  oxide.  As  shown  in  Table  IV  there  was  a  steady, 
though  very  small,  gain  in  weight.    The  total  gain,  after  an  initial  kss 
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Pig.  5. — Changes  in  weight  of  ferric  oxide  heated  in  an  alundum  boat  in  air  and  in 

oxygen. 

due  to  moisture,  was  2.00  mg.  on  10.605  g.  FeiOj,  or  0.019%;  a  gain  of 
0.010%,  part  of  which  may  have  occurred  during  the  initial  heating,  could 
have  resulted  from  the  oxidation  of  0.09%  FeO  which  is  present  in  the 
original  oxide. 

This  slow  gain  undoubtedly  masks  at  1 100-1200®  the  small  decrease 
of  weight  of  the  oxide  in  oxygen  which  should  occur  with  rising  tempera- 
ture in  the  series  of  Fig.  5,  if  the  dissociation  curve  really  has  the  form  rf 
an  asymptote  to  the  pressure  axis.  At  1300*,  however,  at  the  end  of  the 
curve  of  Fig.  5,  a  loss  of  weight  in  oxygen  is  observed  which  may  repie- 
sent  the  beginning  of  an  appreciable  dissociation  even  at  760  mm.  oxygen 
pressure. 

Tabls  IV. 
Kahlbaum's  Ferric  Oxide  Heated  in  Oxygen  in  Alundum  Boat. 


Tempera^ 

Total  Ume. 

Wt.  boat  and 

Tempera- 

Total time. 

Wt.  boat  aad 

ture. 

hours. 

F*»0i,  mg. 

ture. 

hours. 

PeiOfc  mg. 

0 

19283.03 

I200* 

66.1 

19283.65 

1 150** 

16.9 

19282.47 

1200® 

85.9 

19283.83 

I150" 

22.3 

19282.66 

1200" 

109.3 

19284.36 

H50** 

41-7 

19282.88 

1200" 

127.8 

19284.47 

Not  many  cases  have  been  studied  of  this  t3rpe  of  dissociation,  in  whidi 
only  one  of  the  two  components  is  volatile,  and  in  which  a  solid  solution  is 
left  behind  by  the  escape  of  the  volatile  component.    One  which  was  men- 
tioned in  our  previous  article  is  the  system  C0Cl1.6NHrC0CI1.2NHj.  ^    The 
^  Blitz  and  Fetkenheuer,  Z.  anorg,  Chem.,  89,  106  (1914). 
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dissociation-pressure  isotherm  of  iMs  tystem  may  be  interpreted  in  ex- 
actly tile  same  manner  as  our  BekOr-PetOi  system,  and  it  is  quite  possible 
that  additional  measurements  nearer  the  composition  of  pure  CoCl3.6NH« 
than  those  made  by  the  authors  referred  to  would  show  a  similar 
"asymptotic"  curve. 

A  theoretical  extension  of  our  interpretation  of  the  dissociation  pressure 
curve  seems  to  fit  in  with  Langmuir's  work^  on  the  adsorption  of  gases  by 
sMd  surfaces.  It  appears  probable  that  the  atoms  of  an  adsorbed  gas  are 
really  in  direct  chemical  combination  vriith  the  atoms  in  the  surface  of  the 
adsorbing  scdid;  these  surf  ace  atoms,  by  reason  of  their  position,  are  in 
a  chemical  state  which  is  somewhat  different  from  that  of  the  atoms 
within  the  body  of  the  solid.  The  oxygen  atoms  adsorbed  on  the  surface 
of  a  small  crystal  of  ferric  oxide  may,  therefore,  be  considered  as  chem- 
ically combined,  and  their  chem- 


Ac/soriecf 
t 

CO 

1 


Combined 
''oxyyeff 


ical  environment  is  not 
tially  different  from  that  of  the 
oxygen  atotbs  just  within  the 
bounding  "surface"  of  the  crys- 
tal, for  this  surface  itself,  as  the 
X-ray  analysis  of  crystal  struc- 
tine  shows,  is  only  a  layer  of 
iron  and  oxygen  atoms  spaced 
according  to  some  tmiform  plan. 
If  Maxwell's  demon  were  sitting 
in  the  midst  of  a  group  of  small 
ferric  oxide  crystals  which  held 
some  oxygen  adsorbed,  and  if  he 
were  coimting  the  oxygen  atoms 
which  escaped  as  the  tempera- 
ture was  raised,  it  might  be  diffi- 
cult or  impossible  for  him  to  say  ^^^ 
when  the  adsorbed  oxygen  had 
all  been  given  off,  and  true  dis-  I^'fi?-  6.— A  theoretical  interpretation  of  the 
sodation  had  begun.    Theessen-     ^°"^  ^^  ^^®  "^^^^  °^  dissociation-pressure 

,.  -  . .      .,        £  j,^     A 1  •   J        against  composition  for  compositions  near 

tial  contmmty  of  the  two  kinds     ^  V^  ^^  ^ 

of  combination  of  oxygen  may  be 

expressed  by  drawing  our  dissociation-pressure  curve  as  in  Fig.  6. 

The  great  ease  of  dissociation  of  the  first  small  fraction  of  a  per  cent, 
of  the  oxygen  of  FejOj  serves  to  accoimt  for  the  fact  that  out  of  75  or 
more  iron  oxides,  natural  and  artificial,  which  we  have  analyzed  in  this 
laboratory,  only  one  failed  to  show  a  determinable  amotmt  of  ferrous 
iron. 

*  Tras  Journal,  37,  1 139-1 167  (1915);  Phys,  Rev,,  6,  79-80  (1915)- 
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Suflunary. 

Previous  work  by  the  authors  has  shown  that  FesOs  dissociates  to  foroi 
a  solid  s(dution  of  FesOi  in  FesOg,  and  that  the  curve  of  dissociation  pres- 
sure against  composition  at  a  given  temperature  rises  rapidly  as  the  compo- 
sition approaches  pure  FcsOs.  The  present  experiments  show  that  tbeie 
is  a  measurable  c|iti^ociation  of  Fe^Os  in  air  at  all  temperatures  between 
1100°  and  1300^,  an4  that  the  amotmt  of  dissociation  increases  with  the 
temperature.  This  is  shown  by  the  increasing  difference  in  weight  be^ 
tween  ignitions  in  air  and  in  oxygen  as  the  temperature  is  increased.  The 
dissociation-pressure-composition  curve  thus  takes  the  form  of  a  curve 
as3miptotic  to  the  axis  of  ordinates,  when  the  ordinates  are  pressures. 

The  best  container  for  the  FcgOs  at  1 100®  and  1200®  is  alundum  (bonded 
fused  alumina)  which  is  almost  absolutely  constant  in  weight  at  these 
temperatures,  although  it  loses  weight  steadily  at  higher  temperatures* 
The  loss  in  weight  of  pure  platinum  at  1000-1200°  is  very  small,  but  is 
considerably  increased  if  the  platinum  is  in  contact  with  ferric  oxide. 

WA8HQ10TON.  D.  C. 


{Contribution  from  thb  C^bbmxcal  Laboratoribs  op  Nsw  Hampshire  Coix8<».) 

THE  SEPARATION  OF  ERBIUM  FROM  TTTRIUM. 

[part  I.] 

By  p.  S.  Willamd  and  C.  Jamss. 
Received  March  2.  1916. 

The  element  erbium,  or  neoerbium  as  it  is  sometimes  termed,  is  very 
much  rarer  than  was  formerly  supposed.  Very  small  amounts,  when 
mixed  with  yttrium,  cause  the  precipitates  and  solutions  to  show  a  pink 
or  rose  color.  Also,  concentrated  solutions  of  yttrium  nitrate,  containing 
very  small  quantities  of  erbium,  show  a  strong  absorption  spectrum  due 
to  the  latter  element.  During  the  last  few  years,  practically  no  work 
has  been  done  upon  this  substance  apart  from  the  researches  of  HofiF- 
mann  and  Burger.*  These  investigators  obtained  erbium  salts  which, 
if  not  absolutely  ptu'e,  are  the  ptu'est  yet  known.  They  also  claim  that 
erbium  is  a  simple  definite  element  and  not  complex,  as  stated  by  Auer 
von  Welsbach.  This  is  entirely  in  agreement  with  the  later  work  of  one 
of  the  authors  who  has  submitted  erbium  bromate  to  a  very  long  series  of 
fractionation  without  causing  any  change  in  the  absorption  spectrum. 
All  differences  observed  were  proved  to  be  due  to  varying  conditions  of 
concentration,  acids  or  acidity. 

Fractional  crystallization,  so  far,  has  failed  to  separate  erbium  from 
yttrium  rapidly.  This  type  of  operation,  when  brpmates  or  eth3rlsulfates 
are  employed,  quickly  removes  terbium,  dysprosium  and  holmium  in  the 

*  Ber.,  41,  308  (1908). 
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least  soluble,  while  thulium,  ytterbium  and  lutecium  collect  in  the  mother 
liquor. 

In  order  to  study  the  separation  of  erbium  from  yttrium  systematically, 
it  seemed  necessary  to  start  with  two  types  of  yttrium  erbium  oxide 
material,  one  in  which  yttrium  was  in  excess,  while  the  other  consisted 
mainly  of  erbium.  The  results  obtained  should  show  whether  selected 
methods  will  work  with  the  same  rapidity  at  both  ends  of  the  series,  or 
whether  it  would  be  advisable  to  use  two  different  ones. 

The  results  obtained  by  using  oxides  containing  an  excess  of  yttrium 
are  given  in  this  paper  which  forms  part  one.  Part  two  will  appear  at 
a  later  date. 

Fractional  Precipitation  by  Means  of  Sodium  Phosphate. — ^Twelve 
grams  of  the  oxides  of  yttrium  and  erbium  were  dissolved  in  dilute  nitric 
acid,  diluted  to  one  Uter,  boiled  and  stirred  with  steam.  A  10%  solution 
of  sodium  phosphate  was  then  added  drop  by  drop  from  a  separatory 
funnel.  When  sufficient  of  the  precipitate  had  formed  it  was  filtered  off, 
and  the  process  was  repeated  until  fotu*  fractions  had  been  taken.  A 
concentrated  solution  of  oxalic  acid  was  then  added  to  throw  out  what 
rare  earths  remained.  The  first  four  fractions  were  dissolved  in  a  mixture 
of  equal  volumes  of  concentrated  nitric  add  and  water,  precipitated  as 
oxalates  and  ignited  to  oxides.  The  fifth  fraction  was  ignited,  boiled  with 
water  to  remove  the  sodium,  filtered  and  well  washed.  The  oxide  was 
then  dissolved  in  nitric  acid  and  precipitated  as  the  oxalate,  and  again 
ignited.    The  equivalents  were  then  determined. 

At,  wt.  of  fraction (1)109.2      (2)106.9     (3)1041      (4)106.8     (5)98.9 

Grains i.oi  0.34  0.56  0.67  8.77 

Fractional  Precipitation  by  Means  of  Potassium  Ferrocyanide. — ^Ten 
grams  of  oxides  were  dissolved  in  about  140  cc.  of  formic  acid,  and  diluted 
to  about  one  Uter.  The  liquid  was  boiled  and  stirred  and  a  10%  solution 
of  potassium  ferrocyanide  added  drop  by  drop.  The  precipitate,  which 
was  somewhat  colloidal,  was  easily  separated  by  filtering  through  a  paper 
matte.  Three  fractions  were  taken.  The  precipitates,  which  gradually 
turned  blue,  were  dissolved  in  concentrated  hydrochloric  add,  and  thrown 
down  as  oxalates.  These  oxalates  upon  ignition  gave  brownish  oxides, 
which  were  dissolved  in  nitric  acid  and  reprecipitated  and  ignited. 

At.  wt.  of  fraction (1)102.0       (2)102.4       (3)97.7 

Grams 1.25  3.94  3.66 

Fractional  Precipitation  by  Means  of  Sodium  Nitrite. — ^Ten  grams  of 
oxides  were  dissolved  in  hydrochloric  acid,  diluted  to  one  liter,  boiled  and 
stirred  with  steam.  Sodium  nitrite  was  gradually  added  until  enough 
precipitate  had  formed.  The  precipitate  was  removed  and  the  process 
repeated  until  five  fractions  were  obtained.  The  sixth  one  was  obtained 
by  adding  concentrated  oxalic  add  to  the  acidified  liquid.     In  this  last 
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case  the  oxide  formed  by  igmting  the  oxalates  was  boiled  with  water  to 
remove  any  sodium  which  might  have  been  present.  All  the  fractions 
were  purified  and  the  equivalents  determined. 

At.  wt.  of  fraction   (1)115.9     (2)115.5      (3)109.1      (4)103.3     (5)101.8     (6)89.9 
Grams 1.17    '        0.64  1.84  1.05  i.oi  3.60 

Fractional  Precipitation  by  Means  of  Potassium  Cobalticyanide.— Ten 
grams  of  oxides  were  dissolved  in  hydrochloric  acid  and  diluted  to  one 
liter.  A  10%  solution  of  the  cobalticyanide  was  slowly  added  to  the 
boiling  and  well-stirred  solution.  Fotu'  fractions  were  taken  in  this 
manner,  while  the  last  fraction  was  formed  by  adding  oxalic  acid.  The 
rare  earth  cobalticyanides  were  decomposed  by  boiling  with  sodium 
hydroxide.  The  resulting  hydroxides  were  poured  upon  a  filter,  well 
washed  with  water,  dissolved  in  hydrochloric  add  and  precipitated  as 
oxalates.    These  oxalates  were  ptuified  by  several  precipitations. 

At.  wt.  of  fraction (1)112.2      (2)107.1      (3)   ...        (4)100.3     (5)878 

Grams 2.07  2.06  ...  0.72  2.70 

Fraction  three  was  too  small  to  work  with.  Dtuing  the  purification 
of  the  oxides  a  certain  amotmt  of  the  material  was  lost. 

The  potassium  cobalticyanide  was  prepared  in  the  following  way: 
Potassium  cyanide  was  added  to  a  hot  solution  of  cobalt  chloride  until  no 
more  cobalt  cyanide  was  precipitated.  The  cyanide  was  filtered  off, 
washed,  dissolved  in  potassitun  cyanide,  boiled  and  acetic  acid  gradually 
added.  The  crude  cobalticyanide  solution  was  then  added  to  a  stroi^ly 
acid  and  boiling  solution  of  copper  chloride.  The  precipitated  copper 
compound  was  removed  by  filtration,  washed  and  boiled  with  potassium 
hydroxide.  The  copper  oxide  was  separated  and  the  yellow  solution 
evaporated  until  crystals  of  the  potassium  salt  were  obtained  upon  cooling. 

fractional  Crystallization  of  the  Ammonium  Double  Sulfates. — ^About 
10  g.  of  oxides  were  dissolved  in  hydrochloric  acid,  diluted,  and  an  excess 
of  ammonium  sulfate  crystals  added.  The  solution  was  then  evaporated 
upon  the  water  bath,  and  three  fractions  taken.  The  fourth  was  obtained 
by  the  addition  of  oxalic  add. 

The  equivalents  of  the  first  and  last  fractions  only  were  determined, 
since  the  method  showed  no  fractionation. 

At.  wt.  of  fraction (i)ioi.i  (4)101.3 

Grams 1.95  1.12 

Fractional  Crystallization  of  the  Diphenylmonosulfonates. — ^Three 
grams  of  oxides  were  dissolved  in  dilute  hydrochloric  add  and  slightly 
diluted.  The  solution  was  heated  to  boiling  and  a  solution  of  sodium 
diphenylmonosulfonate  added.  Upon  cooling,  scales  of  the  diphenyl- 
sulfonates  separated  out.  The  process  was  repeated  until  four  fractions 
had  been  taken.  These  were  dissolved  in  large  quantities  of  hot  water 
and  precipitated  in  the  form  of  the  oxalates,  and  ignited. 


Digitized  by  VjOOQIC 


THB  SEPARATION  OF  BRBIUM  FROM  YTTRIUM.  I^OI 

At.  wt.  of  fraction (1)98.5        (2)98.9       (3)100.3        (4)100.8 

Grams 0.46  0.15  0.61  1.34 

Crystallization  of  the  Picrates. — ^Twenty  grams  of  the  oxides  were  dis- 
solved in  a  sUght  excess  of  picric  add  solution  at  100®.  The  oxides  dissolved 
very  slowly.  When  the  solution  was  complete,  the  liquid  was  allowed 
to  cool  and  crystallize.  The  usual  scheme  for  fractional  crystallization 
was  then  followed  for  about  ten  series,  keeping  a  maximum  of  five  frac- 
tions.   The  picrates  were  then  changed  to  oxalates  and  ignited  to  oxides. 

At.  wt.  of  fraction (1)99 .85    (2)100.00   (3)102 .00   (4)102 .  15    (5)102 . 70 

Grams 0.39  3.95  9.66  2.72  0.85 

This  work  indicates  that  the  erbiiun  accumulates  in  the  most  soluble 
portion,  which  is  the  usual  circumstance  in  fractional  crystallization. 
This  method  of  fractionation  does  not  compare  favorably  with  several 
of  the  well-known  methods,  since  the  separation  of  yttrium  and  erbium 
is  so  slow  and  the  solution  so  dilute. 

Fractional  Precipitation  by  Means  of  Sodium  Carbonate  in  the  Presence 
of  Ammonium  Acetate. — ^About  10  g.  of  oxides  were  dissolved  in  dilute 
hydrochloric  add,  the  liquid  diluted  to  about  a  liter,  and  30  g.  of  ammo- 
nium acetate  added.  The  solution  was  boiled,  well  stirred  with  steam, 
and  precipitated  with  a  5%  sodium  carbonate  solution.  Foiu*  fractions 
were  taken. 

At.  wt.  of  fraction (1)106.9       (2)106.2       (3)104.95     (4)96.80 

Grams 0.30  1.07  3.33  4.29 

Fractional  Precipitation  by  Means  of  Ammonium  Oxalate  in  the 
Presence  of  Ammonium  Acetate. — ^The  method  outlined  above  was 
followed  in  this  case  with  the  exception  that  ammonium  oxalate  was 
used  in  place  of  sodium  carbonate. 

At.  wt.  of  fraction (1)104.25      (2)103.35      (3)100.8       (4)9765 

Grams 2.12  2.07  2.99  2.29 

Fractional  Precipitation  by  Means  of  Ammonium  Succinate  in  Presence 
of  Ammonium  Acetate. — This  method  was  similar  to  the  above  with  the 
exception  that  a  10%  solution  of  ammonium  succinate  was  used  in  place 
of  a  5%  ammonium  oxalate.    Five  fractions  were  obtained. 

The  equivalents  of  the  first  and  last  fractions  only  were  determined, 
since  the  method  showed  scarcely  any  separation. 

At  wt.  of  fraction. , .     (i)ioi  .05      (2)   . . .  (3)   . . .  (4)   •  •  ■  (5)98.65 

Grams 2.05  1.50  2.22  1.61  2.08 

Fractional  Precipitation  by  Means  of  Sodium  Phosphate  in  the 
Presence  of  Ammonium  Acetate. — ^The  procediu-e  in  this  case  was  similar 
to  the  foregoing  with  the  exception  that  sodium  phosphate  was  sub- 
stituted for  ammonium  succinate.  This  time,  however,  four  fractions 
were  obtained.    The  equivalents  of  the  first  and  last  were  determined. 
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At.  wt.  of  fraction (1)101.7        (2)   . . .  (3)   .  ■ .  (4)98.2 

Grams 0.96  2.56  2.66  3.18 

Fractional  Precipitation  by  Means  of  Sodium  Hydroxide  in  the  Pres- 
ence of  an  Excess  of  Tartaric  Acid. — ^Ten  grams  of  oxide  were  dissolved 
in  hydrochloric  add,  diluted  to  a  liter,  and  40  g.  of  sodium  potassium 
tartrate  added.  Sufficient  add  was  then  added  to  dissolve  the  predp- 
itate  formed,  and  the  whole  boiled  and  stirred  with  steam.  A  20% 
solution  of  sodium  hydroxide  was  added  drop  by  drop.  The  predpitate 
formed  very  rapidly  until  the  Uquid  became  alkaline.  The  liquid  was 
filtered,  and,  because  it  gave  no  further  predpitate  with  sodium  hy- 
droxide, acidified  with  hydrochloric  acid,  and  the  remaining  rare  earths 
thrown  out  as  oxalates. 

At.  wt.  of  fraction (1)101.75  (2)98.30 

Grams 6.28  2.19 

Fractional  Precipitation  by  Means  of  Tartaric  Acid  from  Acetone.— 

Ten  grams  of  oxides  were  dissolved  in  nitric  add  and  evaporated  to 
crystallization  so  as  to  remove  the  excess  of  nitric  add.  The  nitrates 
were  then  dissolved  in  acetone  and  diluted  to  300  cc.  Acetone  saturated 
with  tartaric  add,  by  shaking  with  the  finely  ground  material,  was  added 
by  means  of  a  buret.  Five  fractions  were  obtained  in  this  manner,  the 
sixth  being  obtained  by  means  of  oxalic  add. 

Acetone  added  (cc.) .. .     (1)13        (2)16       (3)17        (4)20       (5)45        (6).. 

At.  wt.  of  fraction 100.15      99.7       101.15     100.65     loi.io     101.8 

Grams 0.45        0.65        0.98        0.90        1.71        4.71 

This  method  which  was  published  by  O.  J.  Bamebey^  appears  not 
to  be  adapted  for  the  separation  of  yttrium  and  erbium. 

Fractional  Precipitation  by  Means  of  Malonic  Acid  from  Acetone 
Solution. — ^The  acetone  solution  of  the  rare  earth  nitrates  was  prepared 
as  described  above.  Four  fractions  were  obtained  by  adding  an  acetone 
solution  of  malonic  acid.  The  first  two  fractions  were  obtained  by  allow- 
ing the  malonates  to  separate  from  the  cold  solution,  while  the  last  were 
predpitated  from  a  boiling  solution.  A  fifth  fraction  was  taken  by  the 
use  of  oxaUc  add. 

At.  wt.  of  fraction (1)988      (2)99.4     (3)102.4     (4)102.5      (5)100,2 

Grams 0.86  1.15  0.69  0.96  4.36 

Conclusion. 
It  is  evident  from  the  preceding  restdts  that  three  methods  stand  out 
as  being  best  adapted  for  the  separation  of  erbium  from  yttrium.  These 
include  the  nitrite,  cobalticyanide  and  phosphate  processes.  The  sodium 
nitrite  is  probably  the  best  for  large  scale  work  owing  to  its  cheapness, 
and  ease  of  manipulation. 

Durham.  N.  H. 

»  Tras  Journal,  34,  1174  (19x2). 
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An  Improvement  of  Hoffman's  Eudiometer.— The  stopcock  of  the 
Hoffman  eudiometer,  which  is  used  to  demonstrate  the  volimietric  compo- 
sition of  water,  is  liable  to  break  when  it  is  heated  with  steam.    We  have 
found  that  it  is  an  advantage  to 
replace    this    stopcock    with    a 
grotmd  glass  stopper,  A  (see  fig.), 
which  is  of  conical  shape,  having 
the  larger  part  below  and  pro- 
vided  with   a   glass   flange,    B, 
which  prevents  the  stopcock, 

when  it  is  loosened,  from  falling  ^ 

through  the  top  of  the  biu-et.  In 
order  to  fill  the  eudiometer  the 

stopper  is  pushed  down,  leaving  |m 

the  flange  resting  on  the  top  of 
the  tube.  The  electrolytic  gas  is 
then  allowed  to  enter  through 
the  side  tube  X.     As  it  rises  it 

drives  the  air  completely  from  | 

the  walls  between  the  merciuy 
and  the  glass.  After  a  short  time 
the  eudiometer  is  closed  by  ptdl- 
ing  the  stopper  up.  The  stopper 
should  be  lubricated  sUghtly  with 
lanoline  or  some  other  suitable 
lubricant.  The  outer  tube  is  then 
adjusted  and  the  whole  heated 
in  the  current  of  steam  and  the 

remainder  of  the  operation  carried  out  as  usual.  In  addition  to  the  fact 
that  the  stopcock  is  less  Hable  to  break  than  the  usual  stopcock,  it  occu- 
pies less  space  in  the  larger  tube  through  which  the  steam  passes. 

Gabtano  Magnanini  and  a.  Venturi. 

MoDBNA,  Italy. 


A  Crucible  "Fork." — ^This  little  device  has  been  in  use  in  the  laboratories 
of  William  Jewell  College  for  some  time  and  has  proved  very  practical 
and  convenient.  It  was  designed  for  the  use  of  students  in  elementary 
classes  but  may  appeal  to  chemists  in  general.  The  fork  is  made  of 
stout  aluminum  wire.  The  prongs  of  the  fork  enclose  slightly  more  than 
a  semicircle  and  should  be  bent  to  fit  the  crucible  used.    The  space  be- 
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tween  the  ends  of  the  prongs 
should  be  large  enough  to  pass 
around  the  crucible  when  sup- 
ported on  a  tripod,  but  small 
enough  to  prevent  the  crucible 
from  slipping  out  when  the 
fork  is  lifted.  When  properly 
adjusted  the  crucible  is  held 
very  seciu-ely. 

H.  G.  Parker. 

William  Jhwsll  Collsob, 

I^IBSRTy,   MiSSOUKI. 


An  Inexpensive  Diaiyser  for 
Class  Use. — ^The  glass  dialysing 
frames  are  too  expensive  for  use 
by  classes  in  colloids.  Even  the 
goldbeater's  skin  to  be  stretched 
over  these  frames  is  not  cheap.  Such  expense  is  a  handicap  on  colloid 
research  and  discouraging. 

If  a  very  wide-mouthed  bottle  is  at  hand  the  bottom  may  be  cracked 
off  by  a  hot  wire  on  a  file  mark,  a  membrane  tied  over  the  lip  on  the  mouth 
of  the  bottle  and  a  good  diaiyser  of  trifling  cost  is  ready.  This  t3rpe  is 
not  new,  of  course,  but  deserves  to  be  better  known.  If  a  large  ntunber 
of  rather  small  dialysers  are  needed,  test  tubes  may  be  adapted  by  .cutting 
off  the  bottom  in  the  same  way  or  heating  and  blowing  out  the  ends. 
The  lip  on  the  test  tube  permits  secure  attachment  of  the  membrane 
with  a  rubber  band. 

The  cheapest  and  most  easily  made  diaiyser  I  have  used  is  a  sheet  of 
parchment  paper  shaped  like  a  beaker.  In  other  words  it  is  all  membrane 
having  much  greater  dialysing  surface  than  the  usual  forms.  These 
beakers  or  cups  can  be  shaped  easily  by  any  student.  A  sheet  of  parch- 
ment free  from  pinholes  is  soaked  in  water  a  few  minutes  to  soften  it  and 
then  folded  over  a  bottle  of  the  desired  size  and  shape.  The  folds  should 
be  triangular,  narrow  and  cover  each  other  much  as  do  the  folds  of  an 
umbrella.  It  is  best  to  crease  them  with  firm  pressure.  A  cord  is  tied 
aroimd  the  paper  aiid  bottle  about  one  centimeter  from  the  upper  edge 
and  the  whole  set  aside  to  dry.  When  dry  the  bottle  is  removed  and  the 
cup  holds  its  shape  perfectly.  The  cord  must  be  left  on  the  cup  to  support 
the  sides.  Two  holes  may  be  punched  near  the  top  of  the  paper  and  a 
string  attached  like  the  handle  of  a  pail.  So  tough  is  the  paper  that  a 
parchment  cup  holding  a  liter  of  water  may  be  carried  without  tearing  or 
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coUapsing.  Trimming  the  upper  edges  of  the  cup  gives  a  neater  appear- 
ance. 

To  use  such  a  dialyser  it  is  nearly  filled  with  the  colloidal  solution  and 
suspended  in  a  large  vessel  of  pure  water.  Removal  of  ions  is  extremely 
rapid  in  spite  of  the  fact  that  parchment  is  inferior  as  a  membrane  to 
goldbeater's  skin.  It  is  evident  that  with  a  given  membrane  the  rate 
of  dialysis  is  proportional  to  the  effective  surface  of  the  membrane.  In 
this  form  the  bottom  and  sides  of  the  cup  are  all  effective. 

The  rate  of  dialysis  may  be  doubled  if  two  such  cups  are  used,  the  smaller 
inside  the  larger.  The  inner  cup  holds  ptu'e  water  and  the  other  the  col- 
loidal solution,  while  the  combination  of  cups  is  hung  in  a  larger  vessel 
of  piu*e  water.  This  arrangement  gives  dialysing  surface  outside  and  in- 
side the  colloidal  solution.  The  water  may  be  changed  as  desired.  It 
is  quite  possible  that  this  simple  method  of  making  parchment  cups  may 
have  been  used  by  others  but  I  have  found  no  reference  to  it  in  the  Ut- 
«ratiu-e.  Harry  N.  Holmes. 

ob8u4n  coll8ob. 
Obbrlxn,  Ohio. 


[Contribution  prom  thb  Chbmical  Laboratory  of  Harvard  Univbrsity.] 

SOME  REACTIONS  RESULTING  IN  THE  CLEAVAGE  OF 
POLYNUCLEAR  AROMATIC  COMPOUNDS. 

Bt  E.  p.  Kohx.sk  and  R.  H.  Patch. 
Received  March  20«  191S. 

In  191 1  Clarke  and  Esselen^  found  that  when  bromine  reacts  with  p^ 
■aminobenzhydrol  the  principal  result  is  not  a  brominated  hydrol  but  a 
mixture  of  two  mononuclear  compotmds:  benzaldehyde  and  a  substitution 
product  of  aniline.  They  then  studied  the  action  of  bromine  on  a  number 
-of  derivatives  of  o-  and  ^-aminobenzhydrol  and  found  that  all  of  these 
behaved  in  a  similar  manner.  A  typical  reaction  is  represented  by  the 
•equation 

C«H«CHOHC6H,Br2NH,  +  Br,  =  CeHsCHO  +  CJHjBrsNH,  +  HBr. 

All  of  the  experiments  of  Clarke  and  Esselen  were  made  with  derivatives 
of  diphenylcarbinol,  but  Clarke  and  Patch'  subsequently  extended  the 
investigation  to  derivatives  of  triphenyl  carbinol,  and  to  amino  alcohols 
that  have  aUphatic  as  well  as  aromatic  groups.  The  results  reported  in 
this  paper  were  obtained  in  continuation  of  that  investigation. 

That  halogens  occasionally  replace  an  aliphatic  side  chain  in  aromatic 
<x)mpounds,  or  split  diphenylmethane  derivatives  into  mononuclear 
<^mpounds  has  long  been  known.    As  early  as  1845   Piria'  found  that 

*  This  Journal,  35i  "35  (1913);  S^i  308  (1914)- 

*  Ibid.,  34,  912  (1912). 
»  Ann.,  56,  47  (1845). 
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chlorine  transforms  t7-hydroxybenzyl  alcohol  into  trichlorophenol  and  Vis- 
ser,^  later,  obtained  a  corresponding  result  with  bromine.  Since  then 
isolated  instances  of  a  similar  result  have  been  recorded  by  various  ob- 
servers; but  the  only  systematic  investigations  of  the  subject  were  made 
by  Zincke^  and  by  Auwers'  in  connection  with  their  work  on  pseudo  phenols. 
Zincke  used  alkylated  diphenylmethane  derivatives  that  had  hydrozyl 
groups  in  the  para  position  and  found  that  bromine  invariably  splits 
these  into  mononuclear  compounds.  A  typical  case  is  illustrated  by  the 
equations 

Br Br  Br 

3<^  ^C  (CH,)2<^  ^OH  +  3Br,  =  HO<(^  ^Br  + 

Br  Br  Br 

>Br<^  j>OH  4-  2HBr. 

Br 

Auwers  worked  with  /?-dihydroxydiphenylmethane  derivatives  that  had 
alkyl  groups  in  the  nucleus.  He  found  that  when  these  react  with  bromine 
the  result  is  almost  invariably  a  mixture  of  substitution  and  cleavage 
products.  By  comparing  the  behavior  of  five  closely  related  substances 
he  showed  that  the  relative  amotmt  of  cleavage  depends  upon  the  number 
and  location  of  the  alkyl  groups  in  the  diphenylmethane  derivative. 

Neither  Zincke  nor  Auwers  found  a  satisfactory  explanation  for  this 
cleavage  by  bromine.  Zincke  inclined  to  the  view  that  cleavage  was  due 
to  the  direct  action  of  bromine  upon  the  diphenylmethane  derivative, 
and  that  the  bromine  substitution  products  were  due  to  subsequent 
bromination  of  one  of  the  cleavage  products;  but  he  also  admitted  that 
his  facts  could  be  interpreted  equally  well  on  the  assumption  that  sub- 
stitution in  the  alkyl  groups  was  the  primary  process  and  that  cleavage 
was  due  to  the  resulting  hydrobromic  acid.  Auwers  attributed  cleavage 
to  hydrobromic  acid  and,  in  support  of  this  view,  established  the  fact  that 
no  cleavage  occurred  when  his  substances  were  treated  with  bromine 
in  the  presence  of  enough  potassium  acetate  to  react  with  all  of  the  hydro- 
bromic acid  formed  by  substitution.  But  Auwers  could  not  explain  the 
fact  that  no  cleavage  occurred  when  his  substances  were  heated  with 
hydrobromic  acid  instead  of  bromine. 

The  most  significant  fact  brought  to  light  by  Clarke  and  Essden,  is 
the  astonishing  ease  with  which  the  amino  derivatives  of  diphenylcarbind 
undergo  cleavage  into  mononuclear  compotmds  under  the  influence  of 
bromine.    Zincke  usually  heated  his  substances  with  excess  of  bromine 
*  Arch,  der  Pharm.,  235,  591  (1897). 
»  Ann.,  343,  76  (1905). 
« Ibid.,  356,  175  (1907). 
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to  loo^  in  sealed  tubes.  Auwers  added  bromine  to  boiling  solutions  of 
his  compounds  in  glacial  acetic  add.  Clarke  and  Bsselen  fotmd  that  the 
amino  hydrols  react  rapidly  at  o**  in  any  indifferent  solvent.  In  explana* 
tion,  they  attribute  cleavage  to  a  mechanism  similar  to  that  adopted  by 
Hantzsch  and  Graf  to  accotmt  for  the  easy  bromination  of  aromatic  amines. 
They  assume  that  bromine  first  combines  with  nitrogen  to  form  a  per- 
bromide,  and  that  this  subsequently  undergoes  a  series  of  rearrangements 
resulting  in  the  cleavage  products  obtained. 

C«H5CH(OH)C«H4N(CHa),  +  Br,  =  C6H6CH(OH)C«H4N(CH8)8Br2  — ^ 
C«H5CH(OH)N(CHs)2Br.C«H4Br  — >  CeHsCHO  +  HBr.N(CHs)2C6H4Br. 

The  results  recorded  in  this  paper  show  that  the  rapid,  easy  cleavage 
of  hydrols  is  not  confined  to  the  action  of  halogens.  Nitric  add,  nitrous 
add,  and  other  reagents  that  are  capable  of  forming  substitution  products 
by  direct  action  upon  aromatic  compounds,  spUt  the  )iydrols  in  the  same 
manner  and  with  the  same  ease  as  do  the  halogens,  and  the  substances 
that  give  a  large  proportion  of  deavage  products  when  treated  with  halo- 
gens, undergo  an  equally  extensive  deavage  imder  the  influence  of  these 
reagents.  Dimethylaminobenzhydrol  and  nitrous  add,  for  example^ 
react  almost  quantitativdy  in  accordance  with  the  equation 
C6H6CHOHC6H4N(CHs)2  +  HNO,=C6H6CHO  +  HiO  +  NOC«H4N(CHa)2. 

The  results  also  show  that  deavage  is  not  confined  to  hydrols  that  con- 
tain the  amino  or  substituted  amino  groups.  Any  group  that  effectively 
promotes  substitution  in  the  nucleus  of  aromatic  compoimds  will  similarly 
promote  deavage  in  the  case  of  hydrols.  These  groups  are  not,  however, 
equally  effective,  and  we  have  tried  to  find  a  quantitative  expression  for 
the  relative  effectiveness  of  different  groups. 

The  reactions  that  may  take  place  when  a  substance  like  dimethyl- 
aminobenzhydrol is  treated  with  bromine  are  as  follows: 

I.  Replacement  of  one  or  more  hydrogen  atoms  in  the  a-position  to 
the  amino  group  by  bromine. 

II.  Cleavage,  both  of  the  original  substance,  and  of  the  substitution 
product  formed  in  I. 

III.  Formation  of  an  ether  from  two  molecules  of  the  hydrol — a  process 
that  readily  takes  place  in  the  presence  of  small  quantities  of  hydro- 
bromic  add. 

IV.  Oxidation  of  the  hydrol  to  the  corresponding  ketone. 

Of  the  products  formed  in  these  reactions,  only  those  resulting  from 
cleavage  are  readily  volatile  with  steam.  By  distilling  with  steam,  oxi- 
dizing the  aldehyde,  and  extracting  and  wdghing  the  benzoic  add,  it  was 
{generally  possible  to  make  a  suflSdently  accurate  estimate  of  the  amount 
of  deavage.  These  determinations  warrant  the  following  general  state- 
jxients: 
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I.  Whenever  the  reaction  takes  place  rapidly,  so  that  for  each  mcdecuie 
of  hydroxyl  compound  one  molecule  of  bromine  or  other  suitable  reagent 
disappears  as  fast  as  it  is  added,  the  result  is  almost  exclusively  deavage 
and  substitution.  The  groups  whose  presence  in  the  para  position  leads 
to  this  result  may  be  regarded  as  the  most  effective  groups.  When  the 
reagent  disappears  more  slowly  and  less  completely,  both  deavage  and 
substitution  diminish  in  favor  of  oxidation  and  ether  formation.  With 
hydrols  that  have  a  methyl  group  or  a  halogen  atom  in  the  para  position, 
there  is  bardy  enough  deavage  or  substitution  to  be  detected. 

The  rdative  amounts  of  deavage  and  substitution  depend  upon  the 
character  of  the  "bridge;"  tmder  conditions  imder  which  a  given  benz- 
hydrol  derivative  gives  prindpally  deavage  products,  the  corresponding 
diphenylmethane  derivative  imdergoes  but  little  deavage,  while  the  cor- 
responding ketone  will  give  only  substitution  products. 

II.  The  eflSdency  of  different  groups  in  promoting  deavage  is  repre- 
sented by  the  following  series,  in  which  the  most  effective  comes  first: 
(CH,)2N,  HO,  CH,0,  CH,,  Br. 

III.  Substituents  in  the  o-position  to  these  groups  invariably  ditninkh 
the  relative  amount  of  deavage  and  with  all  but  the  most  effective,  di- 
ortho  substitution  stops  it  altogether. 

These  facts  show  that  deavage  and  replacement  of  hydrogen  are  similar 
processes,  promoted  equally  by  the  same  groups,  hindered  in  the  same  way, 
therefore  the  result  of  the  same  mechanism. 

L  Experiments  with  Amino  Compounds. 

^Dimethylaminobenzhydrol  and  Bromine. — ^The  reaction  between 
these  substances  in  chloroform  has  been  described  by  Clarke  and  Essden. 
For  the  pmpose  of  determining  the  influence  of  the  solvent  we  compared 
the  results  obtained  in  chloroform  with  those  obtained  in  gladal  acetic 
add,  and  in  dilute  hydrochloric  acid.  We  found  that  the  products  ate 
the  same  in  all  cases,  but  that,  possibly  owing  to  salt  formation,  the  re- 
action goes  more  slowly  in  the  add  solvents.  We  also  examined  the  be- 
havior of  the  hydrol  towards  concentrated  hydrobromic  add.  For  this 
piupose  a  solution  of  the  hydrol  in  hydrobromic  add  (sp.  gr.  1.78)  was 
allowed  to  stand  in  a  glass  stoppered  bottle  for  11  days,  then  diluted  with 
water  and  neutralized.  A  faint  odor  of  benzaldehyde  was  perc^tibk, 
but  the  usual  procedure  did  not  give  enough  benzoic  add  even  for  a  mdting- 
point  determination.  Cleavage,  therefore,  is  not  due  to  hydrobromic 
acid. 

^-Dimethylaminobenzhydrol  and  Nitrous  Acid. — ^A  dilute  aqueous 
solution  of  sodium  nitrite  was  added,  very  gradually,  to  a  solution  of  five 
grams  of  the  hydrol  in  12.5  cc.  of  concentrated  hydrochloric  add  and  25 
cc.  water,  that  was  cooled  to  0°.  The  nitrous  add  disappeared  as  fast 
as  formed  and  none  could  be  detected  in  the  solution  with  starch-iodide 
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paper  until  slightly  more  than  one  equivalent  of  sodium  nitrite  had  been 
added.  The  solution  at  first  turned  orange,  then  deposited  an  orange* 
colored  precipitate.  This  soon  disappeared,  however,  and  as  more  ni- 
trite was  added  a  yeUow  crystalline  deposit  took  its  place  and  oily  drops 
of  benzaldehyde  collected  on  the  surface  of  the  liquid.  As  soon  as  free 
nitrous  add  appeared  in  the  solution,  the  precipitate  was  filtered  off, 
washed  with  alcohol  containing  hydrochloric  add,  dried,  and  weighed. 
The  crude  salt  mdted  at  173-174*'.  As  the  mdting  point  of  pure  nitroso- 
dimethyl  aniline  hydrochloride  is  177  ^  this  was  nearly  pure  salt  and  the 
3*45  K-  obtained  show  94%  of  deavage.  The  salt  was  decomposed  with 
a  solution  of  potassium  carbonate,  the  base  recrystallized  and  identified 
as  nitrosodimethyl  aniline — a  brilliant  green  solid  mdting  at  85-86^. 

^Dimethylaminobenzhydrol  and  Nitric  Acid. — ^The  experiments  with 
nitric  add  were  carried  out  in  gladal  acetic  add  or,  in  specified  cases, 
without  use  of  solvent.  The  reaction  was  invariably  accompanied  by 
the  evolution  of  oxides  of  nitrogen  indicating  oxidation  by  nitric  add. 
Experiments  with  benzhydrol  showed  that  cold,  concentrated  nitric  acid 
does  not  oxidize  hydrols  to  benzoic  add.  Any  benzoic  add  obtained  in 
the  reaction  between  substituted  hydrols  and  nitric  add  must  therefore 
be  due  to  the  intermediate  formation  of  benzaldehyde  by  deavage.  The 
oxidation  of  these  hydrols  with  cold  neutral  permanganate  also  stops  when 
the  hydrol  has  been  oxidized  to  the  corresponding  ketone.  For  these 
reasons  it  was  not  necessary  to  isolate  the  benzaldehyde  first  and  then 
oxidize  it  to  benzoic  add.  A  more  accurate  value  for  the  amotmt  of  cleav- 
age was  obtained,  in  some  cases,  by  diluting  the  reaction  mixture  with 
water,  neutralizing  with  soda,  oxidizing  with  permanganate  in  the  cold, 
removing  the  oxides  of  manganese  with  sulf in*  dioxide,  and  finally  extract- 
ing and  wdghing  the  resulting  benzoic  add. 

The  reaction  between  ^-dimethylaminobenzhydrol  and  nitric  add^ 
was  carried  out  with  5  g.  of  hydrol,  dissolved  in  30  g.  of  glacial  acetic 
add,  and  20  g.  of  nitric  add  (sp.  gr.  1.50)  added,  the  mixture  being 
cooled  with  running  water  both  while  the  add  was  added  and  afterwards 
as  long  as  heat  was  given  oS.  Oxidation  of  the  product,  which  had  a  strong 
odor  of  benzaldehyde,  with  permanganate  gave  0.65  g.  of  benzoic  add — 
showing  28%  deavage.  Owing  to  the  ease  with  which  the  hydrols  are 
oxidized  to  ketones  by  nitric  add,  the  proportion  of  deavage  products  is 
smaller  than  with  other  reagents. 

Ethyl  Ether  of  ^Diethylaminobenzhydrol  and  Bromine. — ^According 

to  the  mechanism  that  Clarke  and  Essden  proposed  to  account  for  the 

splitting  of  carbinols,  no  deavage  would  be  expected  in  the  csise  of  ethers. 

The  ether  we  used  was  made  by  the  method  of  Willstatter.*    A  test 

1  See  Zincke,  Ann.,  362,  203  (1908);  Pinnow,  Ber„  27,  3163  (1894). 

»  Ber„  39,  3765  (1906). 
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with  ethyl  magnesium  bromide  showed  that  it  was  free  from  hjdici^ 
but  it  rapidly  decolorized  bromine,  and  at  least  a  third  of  it  was  split 
in  the  usual  way.  The  products  identified  were  benzaldehyde  and  p- 
bromodimethyl  aniline.  Special  search  was  made  for  ethyl  bromide, 
but  neither  this  nor  ethyl  alcohol  could  be  detected  among  the  products, 
hence  the  fate  of  the  ethyl  group  remains  unknown.  The  results  are 
inconclusive,  because,  as  usual,  some  replacement  of  hydrogen  by  bromine 
occurred  and  therefore  some  hydrobromic  add  was  formed.  Although 
every  precaution  was  taken  to  avoid  the  presence  of  water,  it  is  possible 
that  the  hydrobromic  acid  transformed  some  of  the  ether  into  diethyl- 
aminobenzhydrol,  and  that  this  was  responsible  for  the  cleavage  products. 

Eth7ldi-(4-dimeth7lammophenyl)  Carbmol,  (CsHs)  ((CH,)sNCJl4)r 
COH,  was  prepared  by  the  action  of  ethylmagnesium  bromide  on  Mich- 
ler's  ketone.  As  the  ketone  is  sparingly  soluble  in  ether,  and  too  vigorous 
reaction  readily  leads  to  the  formation  of  an  ether  in  place  of  the  carbinol* 
the  procedure  adopted  was  as  follows:  A  solution  of  the  ketone  in  pure, 
dry  benzene  was  dropped,  slowly,  into  an  ethereal  solution  that  contained 
an  excess  of  ethyl  magnesium  bromide,  and  was  cooled  in  a  freezing  mix- 
ture. Each  drop  of  the  ketone  solution  produced  an  orange-color^  pre- 
cipitate that  redissolved  on  shaking.  The  mixture  was  allowed  to  stand 
at  the  ordinary  temperature  for  36  hours,  then  poured  into  excess  of  iced 
sulftuic  acid.  A  part  of  the  product  remained  in  the  ether-benzene  layer 
which  deposited  it  in  crystalline  form  on  evaporation.  The  remainder 
dissolved  in  the  add,  from  which  it  was  recovered  by  neutralization  with 
ammonia  in  the  presence  of  ammonium  chloride.  The  carbinol  was  puri- 
fied by  recrystallization  from  a  mixttu-e  of  benzene  and  ligroin.  The  yield 
was  92  g.  from  100  g.  of  ketone — 82%  of  the  calculated  quantity. 
Calc.  for  CjgHMONt:  C,  76.51%;  H,  8.72%.    Found:  C,  76.02%;  H,  8.37%. 

The  substance  is  sparingly  soluble  in  Ugroin  and  cold  ether,  readily 
in  boiling  ether  and  other  common  organic  solvents.     It  melts  at  118^. 

Reaction  with  Bromine. — ^A  solution  of  8  g.  of  bromine  in  chloroform 
was  added  to  a  solution  of  14.9  g.  of  the  carbinol  in  the  same  solvent. 
Reaction  took  place  immediatdy  but  there  was  no  evidence  of  an  inter- 
mediate addition  product.  The  residue  left  after  evaporating  the  chloro- 
form in  a  current  of  air  was  made  alkaline  with  sodium  hydroxide  and 
distilled  with  steam.  The  distillate  contained  6.7  g.  of  p-bromodimethyl 
aniline,  melting  at  54°,  showing  that  deavage  in  this  case  amoimted  to 
at  least  67%.  All  attempts  to  get  the  second  product  of  the  reaction  in 
pure  condition,  or  in  the  form  of  some  crystalline  derivative  failed. 

Naphthyl-(4-dimethylaminophenyl)  Carbinol  and  Bromine. — ^Pure  car- 
binol, prepared  by  the  method  of  Sachs,  ^  was  dissolved  in  chloroform  and 
this  solution  treated  with  a  slight  excess  of  bromine  in  the  same  solvent. 
1  Ber,,  38,  516  (1905). 
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Here  also  we  could  secure  no  evidence  that  an  intermediate  addition 
product  was  formed  at  low  temperatures.  After  the  solution  had  stood 
at  the  ordinary  temperature  for  a  few  minutes,  the  excess  of  bromine  and 
the  solvent  were  removed  in  the  usual  way.  The  residue  was  poured  into 
water  containing  enough  acid  to  combine  with  any  amine  present  and  dis- 
tilled with  steam.  The  distillate,  which  held  a  yellow  oil  in  suspension, 
was  extracted  with  chloroform.  The  resulting  chloroform  solution, 
when  diluted  with  alcohol  and  digested  with  a  solution  of  o-nitrophenyl- 
hydrazine  in  dilute  acetic  add,  deposits  a  hydrazone  in  bright  red  needles 
melting  at  179-180^.  The  analysis  showed  that  this  was  the  nitrophenyl- 
hydrazone  of  naphthoic  aldehyde. 

Calc.  for  CitHuOjNj:  N.  14.4%.    Found:  N,  14.8%. 

The  residue  left  in  the  distilling  flask  was  made  strongly  alkaline  and 
again  distilled  with  steam.  The  crystals  that  separated  from  the  distillate 
were  /?-bromodimethyl  aniline,  melting  at  54**.  As  the  object  of  this  ex- 
periment was  the  detection  of  any  intermediate  compotmd  that  might  be 
formed,  the  relative  amount  of  cleavage  products  was  not  determined. 

Methylphenyl-(3-bromo-4-dimethylaminophen7l)  Carbinoli  (CHs)- 
(C6H6)[C«Hs(Br)N(CH3)2]COH  was  made  by  adding  30  g.  of  finely 
powdered  bromodimethylaminobenzophenone  to  a  cooled  solution  ob- 
tained by  dissolving  4.7  g.  magnesium  in  an  ethereal  solution  of  30  g.  of 
methyl  iodide.  The  mixttu'e  was  allowed  to  stand  overnight  at  the  or- 
dinary temperature,  then  poured  into  a  separatory  ftmnel  containing 
cracked  ice,  ammonia,  and  ammonium  chloride.  The  ethereal  layer, 
after  drying  over  anhydrous  potassium  carbonate  and  evaporation,  left 
an  oil.  As  this  could  not  be  induced  to  crystalUze  it  was  transformed 
into  the  oxalate  by  shaking  the  ethereal  solution  with  a  concentrated 
aqueous  solution  of  oxalic  acid.  The  oxalate  separated  in  colorless  crystals 
that  were  washed  with  water  and  ether.  A  bromine  determination  showed 
that  these  were  pure  oxalate. 

Calc.  for  CisHioOJSTBr:  Br,  1951%'    ^oand:  Br,  19.45%. 

The  free  base  was  liberated  by  shaking  the  pure  oxalate  with  excess  of 
potassium  hydroxide,  but  the  product  piuified  in  this  way  likewise  was 
an  oil  that  would  not  crystallize.  Owing  to  the  ease  with  which  it  loses 
water,  it  could  not  be  distilled  under  diminished  pressure.  It  was  there- 
fore dried  and  used  without  further  attempt  at  ptuification. 

Reaction  with  Bromine. — ^The  reaction  was  carried  out  at  — 10**  with  5 
g.  of  carbinol  dissolved  in  chloroform,  the  bromine  being  added  imtil  it 
was  plainly  in  excess.  The  product  was  poured  into  dilute  sulfuric  add 
and  distilled  with  steam.  The  distillate  contained  i  g.  acetophenone, 
showing  that  53%  of  the  carbinol  had  undergone  cleavage,  as  compared 
with  70%  obtained  in  the  case  of  the  corresponding  bromine-free  compotmd. 
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Methylphenyl-(3-bromo-4-dimeth7laininophenyl)  Carbinol  and  Si- 
treus  Acid. — ^The  behavior  of  this  substance  is  in  sharp  contrast  with  that 
of  dimethylaminobenzhydrol.  When  a  solution  of  sodium  nitrite  was  ad- 
ded to  a  solution  of  the  hydrol  in  hydrochloric  acid,  free  nitrous  acid  ap- 
peared in  the  solution  before  a  third  of  one  equivalent  had  been  introduced 
and  no  acetophenone  or  other  cleavage  product  could  be  detected.  The 
bromine  in  the  c^-position  to  the  dimethylamino  group  evidently  stops 
cleavage  by  nitrous  acid  as  e£fectively  as  substituents  in  this  position  stop 
the  introduction  of  a  nitroso  group  in  the  ^-position  of  amines.^ 

n.  Experiments  with  Hydrozyl  and  Methozyi  Compoiinds. 

^Hydrozybenzhydrol  and  Bromine. — ^As  the  hydrol  is  sparingly  soluble 
in  chloroform  the  reaction  in  this  case  was  carried  out  in  glacial  acetic  add 
It  took  nearly  6  atoms  of  bromine  to  produce  a  permanent  color  and  about 
3  hours  to  complete  the  reaction.  The  add  was  then  neutralized  with  soda 
and  the  resulting  liquid  distilled  with  steam.  The  distillate  contained 
benzaldehyde,  which  was  removed  with  bisulfite,  and  tribromophenol, 
which  was  identified  by  making  a  mixed  melting-point  determinatioa 
with  a  sample  on  hand.  The  residue  left  after  the  steam  distillation 
was  crystallized  from  benzene.  It  separated  in  white  needles  that  mdted, 
with  decomposition  at  164®. 

Calc.  for  CuHioOjBrt:  Br,  44.69%.    Found:  Br,  44.5%- 

This  substance  was  identified  as  3,5-dibromo-4-hydroxybenzhydr6l, 
which  had  previously  been  obtained  by  Zincke  from  3,5-dibromo-4-hy- 
droxydiphenylmethane.  * 

All  of  the  products  were  isolated  in  this  case,  and  by  weighing  these 
it  was  possible  to  determine  the  relative  amounts  of  deavage  and  substi- 
tution with  considerable  acciu-acy.  We  found  that  the  result  depends 
to  some  extent  upon  the  rate  with  which  the  bromine  is  added;  when 
it  was  added  very  slowly  the  deavage  products  represent  33%  of  the 
hydrol  used.  This  was  increased  to  42%  when  all  of  the  bromine  was 
added  at  once. 

Anisalcohol  and  Bromine. — ^Anisalcohol  dissolved  in  chloroform  readily 
reacts  with  bromine.  There  is  some  replacement  of  hydrogen  by  bro- 
mine, but  even  at  — 15°  a  considerable  part  of  the  alcohol  undergoes 
cleavage  into  ^-bromoanisol,  formaldehyde,  and  hydrobromic  add.  The 
hydrobromic  acid  transforms  some  of  the  alcohol  into  p-methoxybenzyl- 
bromide  and  water  which  accumulates  on  top  of  the  chloroform  solution. 
By  allowing  the  reaction  to  proceed  in  the  presence  of  excess  of  finely 
divided  mercuric  oxide  it  was  possible  to  remove  the  hydrobromic  acid  as 
fast  as  formed.     This  prevented  the  formation  of  methoxybenzylbromide, 

1  Monatsh.  Chem.,  19,  627  (1898). 
»  Ann.,  334,  367  (1904). 
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but  the  cleavage  into  bromanisol  and  formaldehyde  took  place  as  before^ 
Cleavage  is  therefore  not  due  to  hydrobromic  acid  but  to  bromine. 

^Methozybenzhydrol,  (CH80C«H4)(C«H6)CHOH.— The  alcohol  was 
obtained  by  Busch*  when  he  added  sodium  nitrite  to  the  hydrochloride 
of  methoxybenzhydrylamine.  As  anisic  aldehyde  can  be  obtained  in 
quantity  we  undertook  to  make  it  by  treating  the  aldehyde  with  phenyl 
magnesium  bromide  in  the  usual  way.  Twenty-seven  grams  of  aldehyde 
gave  20  g.  of  a  mixture  of  soUd  products.  By  repeated  recrystallization 
from  ligroin  the  mixture  was  separated  into  the  desired  alcohol  and  a 
less  soluble  substance  that  crystallized  in  colorless  needles  melting  at 
120**.    This  proved  to  be  ^-methoxybenzhydryl  ether. 

Calc.  far  CuHmOs:  C,  81.95%;  H,  6.34%.    Found:  C,  82.2%;  H,  6.2%. 

As  the  Grignard  reaction  always  gave  a  mixture,  we  subsequently 
tried  the  reduction  of  methoxybenzophenone  with  sodium  amalgam  and 
found  this  the  most  satisfactory  method  of  preparation.  Excess  of 
sodium  amalgam  was  added  to  a  solution  of  the  ketone  in  alcohol,  the 
mixture  allowed  to  stand  overnight,  then  boiled  for  six  or  seven  hoiu-s 
and  finally  poured  into  a  large  quantity  of  water  and  allowed  to  stand 
tmtil  the  oil  had  solidified.  The  solid  was  recrystalUzed  from  ligroin. 
It  separated  in  large  transparent  needles  that  melted  at  60®  (Busch  58  °). 

^Methozybenzhydrol  and  Bromine. — ^The  reaction  was  carried  out  in 
chloroform.  As  the  bromine  was  added,  the  solution  assumed  a  pink 
color  similar  to  that  of  the  solid  addition  product  which  is  obtained  when 
bromine  is  added  to  anisic  aldehyde.  The  color  soon  disappeared,  however, 
hydrobromic  add  appeared  and  a  liquid  collected  in  the  solution.  Benz- 
aldehyde  and  ^-bromoanisol  were  obtained  as  cleavage  products,  and  the 
usual  method  of  procedtu'e  showed  about  20%  of  the  possible  amount  of 
cleavage. 

^Methozybenzhydrol  and  Nitric  Acid. — ^About  7.5  g.  of  nitric  add  were 
added  gradually  to  a  cooled  solution  of  4  g.  of  the  hydrol  in  10  cc.  of  glacial 
acetic  add  and  the  mixture  allowed  to  stand  for  several  days.  In  this 
case  the  product  was  poured  into  water  and  the  volatile  constituents 
separated  by  distillation  with  steam.  The  distillate  contained  benzalde- 
hyde,  which  was  oxidized  to  benzoic  add  and  extracted  with  soda,  and 
^-nitroanisol  which  was  identified  by  comparison  with  a  sample  on  hand. 
The  pasty  residue  left  in  the  distilling  flask  was  extracted  with  naphtha. 
This  dissolved  most  of  it,  leaving  a  small  quantity  of  a  colorless  soUd. 
The  naphtha  on  evaporation  deposited  faintly  red  crystals  mdting  at 
55-6  °,  identified  as  slightly  impure  hydrol.  The  solid,  insoluble  in  naphtha 
was  recrystalUzed  from  80%  alcohol,  which  deposited  it  in  pale  yellow 
needles  melting  at  104°.  The  analyses  show  that  this  is  nitromethoxy- 
benzhydrol,  (CH,0)(N02)C6H3CHOHC«H5. 
*  /.  prakt,  Chem.,  [2]  77,  20  (1905). 
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Calc.  for  CuHu04N:  C,  64.9%;  H,  5.0%.    Found:  C,  64.8%;  H,  4.4%;  C,  64.6%; 
H,  4.6%. 

In  this  case  all  of  the  hydrol  could  be  accounted  for;  the  sole  products 
of  the  reaction  were:  a  nitro  derivative  of  the  hydrol  formed  by  substi- 
tution, and  benzaldehyde  and  />-nitroanisol  resulting  from  cleavage. 
As  a  part  of  the  hydrol  did  not  participate  in  the  reaction  it  is  not  possible 
to  calculate  the  extent  of  cleavage  with  acciu-acy,  but  the  amount  of  ben- 
zoic acid  obtained  showed  that  it  must  have  been  considerable.  Some- 
what different  results  were  obtained  when  the  hydrol  was  added  directly 
to  the  carefully  cooled  nitric  acid.  The  substances  formed  were  the  same 
as  those  obtained  in  the  presence  of  acetic  acid,  but  the  principal  product 
was  the  nitro  hydrol  resulting  from  substitution. 

The  Ethyl  Ether  of  Methoxybenzhydrol,  C«H6(CH,OC«H4)CHOCH5, 
was  made  by  treating  anisic  aldehyde  with  phenyl  magnesium  bromide 
as  described  in  the  preparation  of  methoxybenzhydrol.  The  mixture  was 
boiled  for  an  hour,  then  cooled  in  a  freezing  mixture  and  treated  with  acetyl 
chloride  that  had  been  freed  from  hydrochloric  acid  by  distillation  with 
diethylaniline.  A  vigorous  reaction  took  place  and  was  completed  by 
warming  on  a  steam  bath  for  half  an  hotu*.  The  mass  was  then  poured 
into  iced  acid,  and  the  solution  distilled  with  steam  for  a  short  time  to 
remove  solvent,  bromobenzene  and  diphenyl.  This  left  a  gummy  solid — 
presumably  of  acetyl  compoimd — ^which  was  boiled  with  alcohol  for  three 
or  four  hoiu-s,  and  finally  distilled  tmder  diminished  pressure.  Most 
of  the  product  distilled  at  258-260°  under  a  pressure  of  25  mm. 

Calc.  for  CwHigOj:  C,  793%;  H,  7.4%.     Found:  C,  78.9%;  H,  7.4%. 

The  ether  was  obtained  as  a  pale  yellow  oil  that  did  not  solidify  at  — 1 7  °. 

Reaction  with  Bromine. — ^This  ether,  like  that  of  dimethylamino- 
benzhydrol,  reacted  with  bromine  as  readily  as  the  hydrols.  The  product 
was  first  distilled  from  a  water  bath  to  remove  the  chloroform  used  as 
solvent  and  then  under  diminished  pressiwe  to  separate  the  cleavage  prod- 
ucts from  those  due  to  substitution.  The  chloroform  gave  iodoform 
when  shaken  with  iodine  and  potassium  hydroxide,  showing  the  presence 
cither  of  alcohol  or  ethyl  bromide,  probably  the  latter  because  the  chloro- 
form that  was  used  was  free  from  alcohol  and  precautions  were  taken 
to  avoid  the  presence  of  water.  The  vacuum  distillation  gave  benzalde- 
hyde and  /?-bromoanisol  as  cleavage  products.  The  amotmt  of  cleavage, 
calculated  from  the  weight  of  /?-bromoanisol  obtained,  was  shghtly  imder 

10%. 

The  Ethyl  Ether  of  />-Methoxybenzhydrol  and  Nitric  Acid,— The 
reaction  was  carried  out  like  that  with  the  hydrol  itself  and  it  gave  the 
same  products.  About  10%  of  the  substance  appeared  in  the  form  of 
cleavage  products;  but  as  the  substitution  product  that  was  obtained 
was  the  nitro  hydrol,  it  is  evident  that  the  ether  was  decomposed  at  some 
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stage  in  the  process  and  it  was  not  possible  to  determine  whether  this 
preceded  or  followed  cleavage. 

3-Bromo-4-methozybenzhydrol|  CeHs  [CeHsCBr)  (OCHs)  ]CHOH,  was 
made  by  adding  bromo  anisic  aldehyde  to  phenylmagnesium  bromide  in 
ethereal  solution  and  allowing  the  mixture  to  stand  in  the  cold.  The 
resulting  magnesium  compotmd  was  decomposed  with  iced  ammonitun 
chloride,  the  volatile  substances  removed  by  distillation  with  steam  and 
the  residue  recrystallized  from  naphtha  or  50%  alcohol.  It  is  readily 
soluble  in  all  organic  solvents  except  petroletmi  ether  and  naphtha,  and 
melts  at  79**. 

Calc.  for  CiiHitOiBr:  Br,  27.3%.    Pound:  Br,  27.2%. 

The  reaction  with  bromine  was  carried  out  at  the  ordinary  temperature 
and  the  amotmt  of  benzaldehyde  that  was  formed  was  determined  in  the 
usual  way.  This  showed  only  about  7.5%  of  cleavage.  The  bromine 
in  the  £>-position  to  the  methoxyl  group  therefore  greatly  reduces,  but 
does  not  entirely  prevent,  cleavage. 

3|5-Dibromo-4-h7drozybenzhydrol  was  also  treated  both  with  bromine 
aind  with  concentrated  nitric  acid  but  we  could  get  no  evidence  of  cleavage 
with  either  reagent. 

Phenyltolylcarbinol  and  Bromine. — Thirty  grams  of  bromine  were 
added  to  a  solution  of  60  g.  of  the  carbinol  in  150  cc.  of  chloroform.  The 
reaction  started  immediately,  heat  was  given  off  and  a  heavy  liquid  began  to 
accumulate  below  the  chloroform.  The  reaction  soon  became  slower 
and,  although  less  than  one  equivalent  of  bromine  had  been  added,  some 
remained  after  the  mixttu'e  had  stood  for  three  days,  but  this  rapidly 
disappeared  when  the  solution  was  exposed  to  sunlight.  The  lower 
layer  was  fotmd  to  be  a  sattu-ated  solution  of  hydrobromic  acid  in  water. 
After  this  had  been  removed  enough  additional  bromine  was  added  to 
bring  the  total  amount  to  one  equivalent.  This  was  decolorized  very 
rapidly  on  exposiu-e  to  sunlight,  but  no  more  water  was  formed.  The 
mixtiu-e  was  then  distilled  with  steam.  The  first  portions  of  distillate 
had  the  odor  of  benzaldehyde,  indicating  some  cleavage,  but  the  amount 
was  extremely  small.  The  latter  distillates  contained  a  colorless  oil 
that  solidified  on  standing.  The  solid  was  found  to  be  tmchanged  car- 
binol. From  the  nonvolatile  residue  ether  extracted  a  solid  that  after 
recrystallization  melted  at  105  ^.  The  analyses  show  that  this  was  phenyl- 
tolyl  carbinyl  ether. 

Calc.  for  CmHmO:  C,  88.9%;  H,  6.9%.    Found:  C,  88.7%;  H,  7.0%. 

The  remainder  of  the  product  was  an  oily  mixture  of  halogen  compounds 
that  decomposed  when  distilled  under  diminished  pressure.  These  re- 
sults indicate  that  when  the  group  in  the  para  position  is  no  more  ef- 
fective than  an  alkyl  group,  bromine,  in  the  cold,  and  in  the  dark,  oxi- 
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dizes  a  part  of  the  hydrol  to  the  ketone  and  transforms  the  rest  into  the 
ether. 

CaMBUDOS,   lliASS. 


CRYSTALLINE  |3-METHTL  FRUCTOSIDE  AlVD  ITS  TET- 

RACETATE.' 

Bt  C.  S.  Hudson  amd  D.  H.  Bkauks. 
Recdred  Match  20.  1916. 

In  a  previous  article*  several  methods  for  the  preparation  of  tetraoetyl 
fructose  were  described  and  it  was  shown  that  the  action  on  fructose 
of  acetic  anhydride  containing  ZnCU  gives  the  best  result  and  yields 
about  36%  of  the  theory.  This  easily  prepared  crystalline  tetracetate 
is  a  convenient  material  from  which  to  start  the  preparation  of  various 
fructose  derivatives  and  in  the  article  mentioned  its  conversion  to  a-pent- 
acetyl  fructose  was  described.  We  have  now  sought  to  use  it  in  the 
preparation  of  a  monomethoxy  derivative  of  fructose,  and  have  applied 
to  it  the  method  of  methylation  with  methyl  iodide  and  silver  oxide 
which  was  devised  by  Purdie.'  Although  this  method  has  been  applied 
with  good  success  to  the  preparation  of  methylated  derivatives  of  many 
of  the  sugars,  particularly  by  Irvine  and  his  co-workers,  fructose  has  never 
yielded  but  two  pure  derivatives.  Purdie  and  Paul*  prepared  tetra- 
methyl  fructose  in  crystalline  form,  and  Irvine  and  Hynd*  obtained  a 
crystalline  monomethyl  fructose  by  the  methylation  of  fructose  diace- 
tone  and  showed  that  the  methoxy  group  in  it  is  attached  to  the  terminal 
carbon  atom  farthest  from  the  ketonic  carbon.  Our  results  show  that 
Piurdie's  method  of  methylation  succeeds  excellently  with  fructose  tetrace- 
tate and  gives  almost  a  quantitative  yield  of  pure  crystalline  tetracetyl 
monomethoxy  fructose,  the  acetyl  groups  of  the  tetracetate  not  being 
affected  by  the  methyl  iodide  of  neutral  reaction.  The  substance  crys- 
tallizes very  well  from  petroleum  ether  in  long  prismatic  needles.  Its 
saponification  with  barium  hydroxide  has  3rielded  a  crystalline  mono- 
methoxy fructose  which  does  not  reduce  Fehling's  solution  until  after 
hydrolysis  by  acid.  This  reaction  differentiates  the  substance  from 
Irvine  and  Hyud's  monpmethoxy  fructose,  which  reduces  strongly,  and 
proves  that  our  crystalline  material  is  methyl  d-fructoside.  On  the  probable 
assumption  that  it  is  a  7-cyclo  derivative,  its  constitution  is 

^  Contribution  from  the  Carbohydrate  Laboratozy,  Bureau  of  Chemistry,  United 
States  Department  of  Agricultiure. 

*  This  Journal,  37,  2736  (1915). 

»  "A  General  Review  of  Purdie's  Reaction,"  by  Charles  Robert  Young,  Memorial 
Volume  of  Scientific  Papers  of  St.  Andrews  University,  500th  Anniversary. 

*  /.  Chem,  Soc,,  91,  289  (1907). 

*  Ibid.,  95,  1220  (1909). 
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Its  formation  from  tetracetyl  d-fructose  establishes  the  configuration  of 
th^t  substance  similarly  as 

H  OAc     /OH 
CHiOAc  .  C  .  C  .  C  .  C<^ 

x:h,oac 


LOAc^^ 


The  high  negative  rotation  of  methyl  fructoside  (  —  172  in  water)  in 
comparison  with  that  of  /5-fructose  (—133  in  water)  indicates  that  it  is  a 
beta  derivative.  It  is  not  hydrolyzed  by  the  enzymes  of  yeast  nor  by 
emiilsin  and  does  not  show  mutarotation,  behaving  quite  like  the  only 
other  known  methyl  ketoside,  methyl  Z-sorboside.^ 

*  Fischer,  Ber.,  28,  1145  (1895).  The  antipode  has  been  prepared  by  Lobry  de 
Bru3rn  and  van  Ekenstein  {Rec,  iron,  ckim.,  19,  i  (1900)).  There  appears  to  be  suffi- 
dent  evidence  at  hand  to  permit  the  designation  of  this  sorboside  and  its  antipode  as 
alpha  derivatives,  and,  this  being  the  case,  their  formation  by  the  methylation  of  sorbose 
or  its  antipode  with  methyl  alcohol  and  HCl  falls  in  with  what  appears  to  be  a  general 
rule  among  the  sugars  that  this  reaction  produces  the  alpha  isomer  in  considerable  excess 
ever  the  beta  form,  doubtless  because  the  equilibrium  between  the  two  isomers  in  methyl 
alcoholic  solution  is  considerably  towards  the  alpha  form.  The  evidence  in  point 
consists  in  the  fact  that  the  specific  rotation  of  methyl  sorboside  is  — ^88  in  comparison 
with  — 42  for  sorbose.  Since  the  structure  of  sorbose  has  been  shown  by  Fischer  to 
be 

O 

OH    H    OH     II 
CH,OH.C    .    C  .  C    .    CCHaOH 

H    OH    H 
we  consider  that  in  the  designation  of  the  alpha  and  beta  forms  of  its  derivatives,  ac- 
cording to  the  plan  which  one  of  us  has  suggested  for  the  sugars  (Hudson,  This  Journal, 
3I9  72  (1909)),  sorbose  should  be  considered  as  a  relative  of  /-glucose,  because  both  may 

OH 
be  regarded  as  higher  sugars  from  /-glycerose,  CHjOH.C.COH.    The  designation  of 

H 
the  alpha  and  beta  derivatives  of  /-glucose  has  been  so  made  that  the  alpha  form  is 
more  levorotatory  than  the  beta,  just  as  the  alpha  and  beta  forms  of  (/-glucose  have 
been  so  chosen  that  the  alpha  is  more  dextrorotatory  than  the  beta.  By  this  method 
of  naming,  a,/-glucose  is  the  optical  antipode  of  a,(/-glucose,  and  /3,/-glucose  and 
/3,(/-glucose  are  likewise  so  related,  which  seems  desirable  in  any  system  of  nomen- 
clature. Since  sorbose  is  here  considered  as  a  levo  sugar  the  possible  alpha  and  beta 
/-sorbosides  shotdd  be  named  so  that  the  alpha  form  is  the  more  levorotatory.  Al- 
though only  one  methyl  /-sorboside  has  been  prepared  in  crystalline  form,  the  fact  that 
it  is  more  levorotatory  ( — 88)  than  the  parent  sugar  /-sorbose  ( — 42)  indicates,  by 
analogy  with  the  other  sugars,  that  the  unknown  /-methyl  sorboside  is  less  levorotatory 
than  the  sugar,  and  hence  less  so  than  the  known  /-sorboside;  the  latter  is  accordingly 
to  be  named  the  alpha  form. 

In  this  connection  we  would  mention  that  sorbose  has  been  designated  by  Fischer 
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Since  the  employment  of  tetracetyl  fructose  for  the  S3mthesis  of  other 
compounds  makes  knowledge  of  its  structure  desirable  we  thought  it 

as  (i-sorbose  because  on  reduction  it  yields  the  same  sorbite  as  does  i-glucose.  Hits 
designation  was  a  subject  of  discussion  between  Rosanoff  (Tms  Journal,  28,  114 
(1906)),  who  suggested  the  name  /-sorbose  on  account  of  the  structural  relationship 
of  the  sugar  to  /-glycerose  and  /-glucose,  and  Fischer  (Ber.,  40,  102  (i907))»  who  pre- 
ferred (i-sorbose,  because  as  a  matter  of  history  the  structure  of  sorbose  was  proved 
in  part  through  the  reduction  of  it  and  of  d-ghicose  to  the  same  form  of  sorbite.  Ac- 
cording to  our  understanding  of  Fischer's  point  of  view,  as  given  in  his  article,  he  re- 
garded the  naming  as  a  matter  of  convention  and  preference,  since  the  fundamental 
structure  configurations  which  he  proved  for  the  sugars  are  in  no  way  affected  by  the 
nomenclattire  that  may  be  adopted  for  distinguishing  the  d-  and  /-forms  of  the  sugars, 
and  he  was  of  the  opinion  that  any  advantage  to  be  gained  by  changing  his  designa- 
tion of  sorbose  from  d-  to  /-  was  not  suflScient  to  outweigh  the  temporary  confusion 
that  always  occurs  when  historical  names  are  changed.  Against  this  view  it  is  to  be 
said  that  at  the  present  time  the  conditions  are  somewhat  different  from  what  they 
were  in  1907  when  the  discussion  between  Rosanoff  and  Fischer  took  place,  because 
it  was  not  known  at  that  time  that  a  general  relation  exists  in  the  sugar  group  between 
the  rotatory  powers  of  the  alpha  and  beta  forms  of  the  sugars  and  their  derivatives. 
The  nfttning  of  these  forms  as  alpha  or  beta  according  to  this  general  relation  among 
their  rotatory  powers,  which  seems  very  desirable  because  it  furnishes  in  many  cases 
at  present  the  only  method  of  distinguishing  the  members  of  the  two  series,  becomes 
greatly  confused  unless  the  d-  and  /-forms  of  the  sugars,  are  selected  on  the  basis  of  the 
structtu-al  relationships  that  follow  from  the  cyanhydrin  synthesis  in  the  sugar  group. 
We  consider  therefore  that  it  is  advisable,  in  order  to  prevent  the  increase  of  confusion 
in  the  nomenclattue  of  the  sugar  derivatives,  to  apply  the  term  /-sorbose  to  the  sugar 
which  Fischer  has  shown  to  have  the  configuration  mentioned.  The  other  sugars  to 
which  the  same  remarks  apply  are  xylose,  gulose,  idose  and  threose. 

Irvine  and  Garrett  (/.  Chem.  Soc.,  97,  1277  (1910))  have  mentioned  in  connection 
with  the  provisional  naming  of  the  two  fructose  diacetones  by  Fischer  (or-form, 
[afo  "  — x6i  and  /3-form,  [a]^^  »  — ^34)  that  "the  analogy  to  a-  and  /3-glucosides  m 
describing  these  compounds  is  not  maintained  in  some  respects.  Thus  the  o-form 
*  *  *  •  is  more  easily  hydrolyzed  than  the  ^-isomeride  *  *  *  *.  This  holds 
true  not  only  for  the  removal  of  the  acetone  residue  from  the  3:4  position  but  also 
for  the  glucosidic  acetone  group."  According  to  the  plan  which  we  are  following  the 
more  levorotatory  of  these  fructose  diacetones  should  be  designated  the  beta  form 
and  the  other  the  alpha  because  fructose  is  a  (/-series  sugar,  and  since  Fischer's  use  of 
the  a-  and  /9-designations  for  these  substances  was  only  provisional,  for  the  purpose  of 
distinguishing  them,  we  suggest  that  these  names  be  now  reversed,  as  indicated,  since 
it  is  possible  to  assign  the  substances  to  the  alpha  and  beta  series  on  the  basis  of  their 
rotations.  When  this  is  done  it  is  seen  that  the  analogy  to  a-  and  /3-glucosides  in 
regard  to  the  relative  ease  of  hydrolysis,  holds.  This  may  serve  very  well  as  an  example 
of  the  advantages  that  come  from  a  uniform  system  of  naming  the  alpha  and  beta,  and 
also  the  d-  and  /-,  forms  of  the  sugars,  as  it  is  probable  that  many  more  analogies  be- 
tween structure  and  physical  properties  or  chemical  reactivities  will  be  found  among 
the  alpha  and  beta  derivatives  of  the  sugars. 

Since  Purdie  and  Paul's  crystalline  tetramethyl  fructose  shows  mutarotation  in 
water  from  [a]^i?  =  — 125  to  — 121,  and  Irvine  and  Hynd's  monomethoxy  fructose 
mutarotates  from  — 70  to  — 53,  they  are  both  to  be  regarded  as  beta  derivatives.  Like- 
wise, Irvine  and  Garrett's  fructose  monacetone,  [a]^  =  — 159»  is  doubtless  a  beta 
compound  because  it  was  prepared  from  ^-fructose  diacetone,  [aj^  =  — 161. 
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well  to  r^;enerate  crystalline  fructose  from  it  by  saponification  and  defi- 
nitely identify  the  sugar,  which  had  not  been  done  before. 

It  appears  very  probable  on  theoretical  grotmds  that  /S-methyl  fructo- 
side  is  one  of  the  components  of  the  uncrystallizable  sirup  which  Fischer* 
obtained  by  the  condensation  of  fructose  with  methyl  alcohol,  using  HCl 
as  a  catalyst. 

Experimental. 

Preparation  and  Properties  of  /S-Tetracetyl  Methyl  Fructoside. — Sixty 
grams  of  powdered  fructose  tetracetate,  375  g.  of  freshly  prepared  silver 
oxide  and  340  cc.  of  methyl  iodide  were  boiled  on  the  water  bath  for  six 
hom-s  in  a  2-Uter  Erlenmeyer  flask  with  reflux  condenser  which  was  sup- 
plied with  ice  water  in  order  to  prevent  loss  of  the  solvent.  The  boiling 
of  the  methyl  iodide  (b.  p.  44®)  is  not  really  essential  because  the  reac- 
tion can  be  carried  out  quite  as  well  at  room  temperature  by  shaking  the 
mixttu-e.  In  recovering  the  excess  of  Mel  it  is  advisable  to  distil  from  a 
flask  with  a  large  bottom  to  prevent  btunping.  The  residue  from  the 
distillation  was  mixed  with  some  ether,  filtered  on  a  large  Biichner  fimnel 
and  the  silver  oxide  washed  with  ether.  The  ether  was  evaporated  in 
the  air  and  the  resulting  colorless  sjrrup  soon  crystallized.  The  first  time 
that  the  reaction  was  carried  out  long  standing  of  the  sirup  in  a  desiccator 
and  occasional  stirring  with  petroleum  ether  was  necessary  to  induce 
crystallization,  but  in  subsequent  preparations  crystallization  took  place 
readily  even  without  seeding.  The  yield  of  the  product,  which  was 
nearly  pure  as  prepared,  was  almost  the  theoretical.  For  piurification 
the  crystals  were  boiled  in  a  large  flask  with  petroleum  ether  and  the  hot 
solution  filtered  and  allowed  to  evaporate  slowly  in  the  air.  In  this  way 
beautiful  prismatic  needles  were  obtained.  The  solubility  of  tetracetyl 
methyl  fructoside  in  hot  petroleiun  ether  is  only  about  i  g.  in  400  cc, 
but  no  other  suitable  solvent  for  recrystallization  was  foimd,  as  the  sub- 
stance is  very  soluble  in  all  usual  solvents  excepting  petroleum  ether  and 
water  and  in  the  latter  it  is  almost  insoluble.  A  second  recrystallization 
from  petroleum  ether  did  not  change  the  rotatory  power  or  melting  point. 
The  substance  melts  at  75-76**,  is  colorless  and  odorless,  and  has  a  bitter 
taste.    Analysis  proves  it  to  be  a  tetracetyl  monomethoxy  fructose. 

0.2731  and  0.3082  g.  substance  gave  0.4982  and  0.5613  g.  COj  and  0.1498  and 
0.1682  g.  HjO. 

Found:    C,  49.75   and  49.67%;  H,  6.14  and  6.10%.     Theoretical  for  C«HtO.- 
OCH,(CiH,Oa)4:  4970  and  6.12%. 

A  methoxyl  determination  with  o.  2484  g.  substance  gave  o.  1581  g.  Agl 
corresponding  to  8.41%  OCHa.    Theoretical  8.56%. 

For  the  quantitative  estimation  of  acetyl  the  substance  was  saponified 
by  shaking  0.3000  g.  with  75  cc.  0.1  N  sodium  hydroxide  during  one 

^  Ber,,  28, 1 145  (1895). 
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hour  at  o°  and  titrating  with  o.i  N  sulfuric  add  and  phenolphthaleio. 
The  amount  of  acetic  add  produced  was  found  to  be  66.45%.  ^  & 
similar  experiment  of  2  hours'  duration  the  value  66.31%  was  found  and 
in  a  third  lasting  2V2  hours  the  value  was  66.19%.  The  theoretical 
quantity  for  a  tetracetylmethyl  fructoside  is  66.30%.  Evidently  the 
saponification  is  complete  after  one  hour. 

The  molecular  wdght  was  determined  by  the  lowering  of  the  freezing 
point  of  benzene.  In  three  experiments,  1.4330,  3.1622  and  4.8405  g. 
|8-tetracetyl  methyl  fructoside  per  100  g.  benzene  gave  the  respective 
depressions  0.210^  0.449®  ^^^  0.672®,  from  which  the  values  341,  352 
and  360  are  calculated  for  the  molecular  wdght  in  comparison  with  the 
theoretical  value  362. 

The  specific  rotation  was  meastired  in  chloroform  solution.  2.000  g. 
of  once  recrystallized  /S-tetracetyl  methyl  fructoside  were  made  up  to 
25  cc.  with  chloroform^  and  the  solution  was  fotmd  to  read  in  a  i  dcm. 
tube  at  20°  with  sodium  light  9.95  circular  degrees  to  the  left,  hence 
1«]d  =  — 124.4.  After  a  second  recrystallization  from  petroleum 
ether,  the  substance  rotated  9.97  circular  degrees  to  the  left  in  a  similar 
solution,  hence  [aji?  =  — 124.6,  which  is  taken  as  the  specific  rotation 
of  pure  /S-tetracetyl  methyl  fructoside. 

Preparation  and  Properties  of  iS-Methyl  Fructoside.— The  method  of 
saponification  which  was  used  for  the  quantitative  estimation  of  acetic 
add  in  jS-tetracetyl  methyl  fructoside  was  found  imsuitable  for  the  prepara- 
tion and  isolation  of  j8-methyl  fructoside  because  the  latter  could  not  be 
obtained  free  from  sodium  acetate  by  repeated  recrystalUzation  from  alco- 
hol.   The  following  procedure  gave  the  desired  result: 

Seventy  grams  of  crystaUine  barium  hydoxide  (Ba(OH)j  +  8HjO) 
were  dissolved  in  one  liter  of  water  on  the  steam  bath  and  filtered  into  a 
bottle  with  a  glass  stopper.  The  solution  was  cooled  with  ice  to  about 
5  ®,  and  although  it  was  supersaturated  at  this  temperature  several  experi- 
ments were  performed  without  crystallization  occturing.  To  it  were 
added  20  grams  powdered  tetracetyl  methyl  fructoside,  which  required 
about  half  an  hoiu-'s  time,  with  occasional  shaking,  for  complete  solution. 
The  liquid  was  kept  one  hour  longer  in  ice  and  was  then  satturated  with 
CO2  and  filtered.  The  amount  of  sulfuric  add  necessary  to  predpitate 
the  dissolved  barium  acetate  was  calculated  to  be  221 .0  cc.  normal  HiSOi, 
since  this  amount  is  equivalent  to  the  acetic  add  that  is  obtainable  from 
20  g.  of  tetracetyl  methyl  fructoside.  A  somewhat  smaller  amoimt,  210 
cc.  of  acid,  was  added  with  stirring  and  the  mixture  was  centrifuged  for  a 
couple  of  hoiurs  or  kept  in  the  ice-box  for  a  couple  of  days  in  order  to  separate 
as  much  as  possible  of  the  suspended  barium  sulfate.  The  milky  liquid 
'  CMoroformum  purificatum,  U.  S.  P. 
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was  distilled  in  vacuo  and  some  attention  was  needed  in  the  beginning  to 
prevent  its  foaming  over  into  the  receiver.  After  considerable  concentra- 
tion the  solution  cotdd  be  filtered  dear  and  by  carefully  adding  o.i  N 
H2SO4  to  the  filtrate  it  was  brought  to  the  stage  where  it  gave  only  a 
slight  precipitate  with  sulfuric  add.  On  evaporating  this  solution  in  a 
vacuum  desiccator  it  soon  crystallized  to  a  solid  mass.  By  repeated 
crystallization  from  hot  absolute  alcohol  beautiful  crystals  were  obtained 
which  were  free  of  ash.  By  slow  evaporation  large,  thin  plates  were  formed, 
which  often  measured  i  cm.  square.  The  yield  was  about  80%  of  the 
theory. 

/9-Methyl  fructoside  mdts  at  119-120^.  The  crystals  are  colorless, 
odorless  and  have  a  pure,  sweet  taste.  The  taste  of  the  a-  and  /3-methyl 
glucoside  is  sweet  followed  by  bitter.  The  fructoside  is  easily  soluble  in 
water  and  hot  alcohol,  slightly  soluble  in  hot  acetone  and  ethyl  acetate. 
Its  aqueous  solution  is  not  reduced  by  boiling  with  Pehling's  solution. 
After  hydroljrzing  it  by  boiling  its  aqueous  solution  with  a  mineral  add 
and  neutralizing  the  cooled  solution,  it  readily  reduces  Pehling's  solution 
on  boiling.  This  reaction  proves,  in  connection  with  the  analysis  recorded 
bdow,  that  the  prepared  substance  is  a  methyl  fructoside  and  also  shows 
that  in  the  described  tetracetyl  fructose  the  glucosidic  hydroxyl  is  not 
acetylated. 

0.2943  and  0.2246  g.  subs,  gave  0.4675  and  0.3576  g.  COi  and  0.1905  and  0.1457 
g.  H,0. 

Pound:  C,  43.32  and  43.42%;  H,  7.24  and  7.26%.  Theoretical  for  CeHuOi- 
(OCHi):  43.27  and  727%. 

A  methoxyl  determination  with  0.2486  g.  substance  gave  0.2993  Agl 
corresponding  to  15.92%  OCH|.    Theoretical  15.98%. 

The  molecular  weight  of  the  substance  was  determined  by  the  lowering 
of  the  freezing  point  of  water.  In  three  experiments  i .  2063,  2 .  5524  and 
3.7749  g.  in  100  g.  water  gave  the  respective  depressions  0.13®,  0.259® 
and  0.384^  from  which  the  values  172,  182  and  182  are  calculated  for  the 
molecular  wdght  in  comparison  with  the  theoretical  value  194  for  a  methyl 
fructoside. 

The  specific  rotation  of  the  substance  was  measiured  in  water.  2 .  5012 
g.  /3-methyl  fructoside  were  made  up  to  25  cc.  with  water  and  a  reading 
of  17.2  circular  degrees  to  the  left  was  obtained  in  a  i  dcm.  tube  at  20® 
with  sodium  light;  hence  [a]©  =  — 171.9°.  After  a  further  crystalliza- 
tion from  hot  alcohol  2.5048  g.  substance  made  up  in  the  same  manner 
rotated  17.23  circular  degrees  to  the  left;  hence  [a]^  =  — 172.  I^  which 
is  taken  as  the  specific  rotation  of  pure  j8-methyl  fructoside. 

In  a  high  vacuum  /3-methyl  fructoside  can  be  sublimed.  The  sublimate 
was  found  to  have  the  same  melting  point  and  specific  rotation  as  men- 
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tioned  above  for  the  pure  material  prepared  by  crystallization  from 
solvents. 

The  substance  is  not  hydrolyzed  by  the  enzymes  of  yeast  or  by  emulsin. 
o.ioo  g.  jS-methyl  fructoside  was  dissolved  in  lo  cc.  of  water  and  after 
the  addition  of  some  fresh  top  fermentation  yeast  the  solution  was  kept 
at  room  temperature  in  a  fermentation  tube.  No  gas  was  produced 
after  48  hours,  but  under  the  same  conditions  several  oc.  of  CO2  were  pro- 
duced from  o.  100  g.  fructose.  For  testing  the  action  of  emulsin  a  solu- 
tion of  o.  100  g.  j3-methyl  fructoside  in  8  cc.  of  water  was  mixed  with  o.  100 
g.  emtdsin  and  the  whole  kept  in  a  closed  bottle  at  35  ^  for  48  hours,  and 
as  checks  there  were  kept  tmder  the  same  conditions  a  solution  of  o.  100 
g.  amygdalin  and o .  100  g.  emulsin  in  8  cc.  of  water  and  a  mixture  of  o.  100 
g.  emulsin  with  8  cc.  water.  After  48  hotu-s  the  solutions  were  filtered 
and  the  filters  washed  with  water.  The  three  filtrates  were  boiled  with 
Pehling's  solution  under  the  conditions  of  the  quantitative  determina- 
tion of  glucose  by  Allihn's  method.  Only  the  filtrate  from  the  amygdalin 
mixture  reduced  Pehling's  solution;  the  Cu  obtained  by  glowing  and  re- 
ducing the  precipitate  weighed  0.1383  g.  corresponding  to  0.0703  g. 
glucose;  calculated  for  o.  100  g.  amygdalin,  0.0704  g.  glucose. 

Preparation  of  Crystalline  Fructose  from  Fructose  Tetracetate. — One 
hundred  and  forty  grams  of  crystalline  barium  hydroxide  (Ba(OH)s  + 
8H2O)  were  dissolved  in  two  liters  of  water  on  the  steam  bath  and  filtered 
into  a  bottle  with  a  glass  stopper.  The  solution  was  cooled  with  ice  to 
about  5  °  and  40  g.  powdered  tetracetyl  fructose  were  added  and  the  mix- 
ttu'e  occasionally  shaken.  After  half  an  hotu*  the  crystals  had  dissolved. 
The  solution  was  kept  one  hoiu*  longer  in  ice,  then  saturated  with  COi 
and  filtered.  The  amount  of  sulfuric  acid  necessary  to  precipitate  the 
remaining  bariimi  acetate  was  calculated  to  be  459.7  cc.  of  N  H2SO4 
and  a  somewhat  larger  amount,  463  cc.  was  added,  with  stirring,  to  the 
solution  which  was  heated  on  the  steam  bath  to  about  50°.  The  barium 
sulfate  was  allowed  to  settle,  the  supernatant  ciear  solution  poured  oflf 
and  the  remainder  filtered.  Barium  hydroxide  solution  was  carefully 
added  to  neutraUze  the  excess  of  sulfiuic  add  and  the  filtered  solution 
was  evaporated  in  vacuo  to  a  small  volume.  The  clear  solution,  which 
contained  only  traces  of  barium  acetate,  was  evaporated  in  a  vacuum 
desiccator  over  potassitun  hydroxide  to  a  thick  sirup.  The  syrup  was 
dissolved  in  warm  absolute  alcohol  and  the  solution  crystallized  on  stand- 
ing in  a  desiccator.  The  crystalline  fructose  was  separated  by  suction, 
taken  up  in  a  small  amount  of  water  and  the  solution  filtered.  After 
evaporation  to  a  thick  sirup  the  process  for  separating  crystalline  fruc- 
tose was  repeated  and  in  this  way  10.2  g.  of  pure  crystalline  fructose 
or  50%  of  the  theory  were  obtained.  The  fructose  melted  at  102-104'*, 
and  its  constant  specific  levorotation  at  20°  in  an  aqueous  solution  con- 
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taining  6.93  g.  per  100  cc.  was  — 90.9,  which  agrees  with  the  recorded 
value  for  fructose  at  this  concentration  and  temperature. 

Washington,  D.  C. 


[Contribution  from  thb  Carbohydrats  Laboratory,  Burbau  op  ChsuistrYi 
Unitbd  States  Dbpartmbnt  op  Agriculture.] 

A  FOURTH  CRYSTALLINE  PENTACETATE  OF  GALACTOSE  AND 
SOME  RELATED  COMPOUNDS. 

By  C.  S.  Hudson  and  J.  M.  Johnson. 
Received  March  16.  1916. 

The  method  of  preparation  of  the  second  pentacetate  of  galactose  by 
heating  the  first  pentacetate  with  acetic  anhydride  and  a  trace  of  ZnCla^ 
furnishes  an  indication  that  thfe  two  isomers  are  an  alpha  and  beta  pair, 
because  this  method  of  rearrangement  changes  the  beta  acetates  of  glu- 
cose, mannose,  lactose,  cellose,  maltose  and  xylose  to  the  corresponding 
alpha  acetates.  We  have  now  sought  to  transform  in  similar  manner 
the  third  pentacetate  of  galactose,  which  one  of  us  recently  found  in  the 
mother  liquors  of  the  preparation  of  the  first  pentacetate,^  into  an  iso- 
meric form,  and  we  find  that  there  is  produced  a  fourth  crystalline  pent- 
acetate of  galactose  having  properties  quite  distinct  from  those  of  the 
three  known  isomers. 

Rearrangement  of  the  Third  Galactose  Pentacetate  to  a  Fourth  Form. 
— ^A  supply  of  135  g.  of  the  third  pentacetate  was  obtained  along  with  940 
g.  of  the  fiirst  pentacetate  by  the  acetylation  of  one  kilo  of  pure  galactose, 
according  to  the  previously  published  directions.  The  specific  levo- 
rotation  of  the  recrystallized  ptu'e  third  form  in  benzene  was  — ^43.6  in 
10%  solution,  in  99.5%  glacial  acetic  add  — ^42.4  in  10%  solution,  both 
these  values  being  near  that  reported  previously  for  chloroform  solution, 
— ^41.6. 

On  combustion  0.2003  and  0.1987  g.  subs,  gave  0.3622  and  0.3595  g.  COi,  and 
0.1046  and  0.Z020  g.  HtO. 

Found:  C,  49.32  and  49.34%;  H,  5.84  and  5.74%.  Theoretical:  49.21  and 
5.68%  for  a  galactose  pentacetate. 

Twenty-five  grams  of  this  third  pentacetate  dissolved  to  100  cc.  with 
acetic  anhydride  were  heated  with  2 . 5  g.  ZnCh  on  the  steam  bath  tmtil 
the  specific  rotation  changed  from  its  initial  value  of  — ^41  to  the  constant 
rotation  — 16,  which  required  less  than  fifteen  minutes.  On  poming  the 
solution  into  water  a  crystallization  of  some  unchanged  third  pentace- 
tate took  place.  The  water  was  extracted  with  chloroform,  the  extract 
was  washed  with  NaHCOa  solution  and  with  water,  dried  with  CaCl2 
and  the  chloroform  evaporated.     From  the  sirup,  crystals  of  the  third 

^  Hudson  and  Parker,  This  Journai*,  37,  1589  (1915). 
*  Hudson,  Ibid.,  37,  1591  (1915). 
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pentacetate  were  again  obtained,  but  the  mother  liquor  from  them  yielded 
after  a  few  days  crystals  of  a  different  appearance,  which  were  recrystal- 
lized  from  95%  alcohol,  and  were  found  to  melt  at  87®  and  to  show  a 
specific  dextrorotation  of  +61  in  chloroform.  The  jrield  was  only  2.5  g. 
Analysis  proved  the  substance  to  be  a  pentacetate  of  galactose. 

On  combustion  0.2074  and  0.2355  g.  subs,  yielded  0.3766  and  0.4248  g.  COa,  and 
0.1038  and  0.1209  g.  HiO. 

Pound:  C,  49.52  and  49.20%;  H,  5.60  and  5.74%.  Theoretical:  49.21  and 
5.68%  for  a  galactose  pentacetate. 

Mol.  wt.  (benzene  soln.  by  f.  p.  method)  gave  values  between  341  and  365.  Theo- 
retical 390. 

The  saponification  of  two  half-gram  portions  of  the  substance  by  boil- 
ing three  hours  with  0.25  iV  H«S04  gave  values  of  54.73  and  55.11% 
CHiCO,  the  calculated  value  for  galactose  pentacetate  being  55.13. 
The  saponification  of  the  substance  with  alcoholic  potash  yielded  crys- 
talline galactose  which  was  identified  by  its  specific  rotation. 

A  comparison  of  the  values  found  for  the  melting  point  and  specific 
rotation  in  chloroform  of  this  galactose  pentacetate  with  those  of  the 
three  known  pentacetates  leaves  no  doubt  that  the  substance  is  a  fourth 
isomer. 

First  galactose  pentacetate,  m.  p.  142**,  [ajo  =  +23;  second  galactose 
pentacetate,  m.  p.  96  ^  [aj^  =  +107;  third  galactose  pentacetate,  m.  p. 
98^  [a]D  =  — 42;  fourth  galactose  pentacetate,  m.  p.  87^  [a]jy  =  +61. 

After  the  preparation  of  a  larger  quantity  of  the  fourth  pentacetate 
and  the  recrystallization  of  the  product  from  95%  alcohol  until  the  rota- 
tory power  became  constant  the  following  specific  dextrorotations  were 
observed:  [a]p  «=  +61.2  in  chloroform^  (428  g.  per  100  cc.)i  +60.6 
in  chloroform  (10.12  g.  per  100  cc.),  +44. 8  in  benzene  (3.52  g.  per  100 
cc.),  +62.4  in  99.5%  glacial  acetic  add  (3.04  g.  per  100  cc.),  and  -f7o.2 
in  acetic  anhydride  (5.08  g.  per  100  cc).  The  substance  is  bitter 
in  taste,  very  soluble  in  chloroform,  benzene  and  glacial  acetic  acid, 
less  soluble  in  alcohol  and  ether,  and  only  sUghtly  soluble  in  water.  The 
crystals  are  colorless,  transparent  prisms  sometimes  a  centimeter  long. 

The  Equilibrium  between  the  Third  and  Fourth  Pentacetates. — Since 
the  specific  rotations  in  acetic  anhydride  of  the  third  and  fourth  isomers 
are  — ^41  and  +70,  respectively,  and  the  constant  equilibrium  rotation 
in  the  presence  of  ZnCls,  which  acts  as  a  catalyst  of  the  reversible  change, 
is  — 16,  it  appears  that  the  third  pentacetate  makes  up  the  greater  part 
(77%)  of  ^c  equilibrium  mixture.  This  aGfords  an  explanation  for  the 
low  yields  (10%)  in  transforming  the  third  into  the  fourth  pentacetate 
and  crystalhzing  the  latter.  On  this  view  one  would  expect  that  the  re- 
verse transformation  would  be  more  readily  accomplished  and  with  a 
larger  )deld;  experiment  has  verified  this  conclusion.  The  heating  of 
*  Chloroformum  purificatum,  U.  S.  P. 
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1 .  27  g.  of  the  fourth  pentacctate  in  25  cc.  of  acetic  anhydride  containing; 
a  little  ZnCl2  changed  the  specific  rotation  in  fifteen  minutes  from  +70.2 
to  the  constant  value  — 15.4,  and  on  pouring  the  solution  into  water 
and  crystallizing  in  the  usual  way,  a  sufficient  quantity  of  the  third  pent- 
acetate  was  obtained  (about  0.3  g.)  to  permit  identification  by  its  melt- 
ing point  and  specific  rotation. 

Division  of  the  Four  Galactose  Pentacetates  into  Two  Pairs  of  Alpha 
and  Beta  Forms. — ^The  reversible  equilibrium  in  acetic  anhydride  solu- 
tion containing  ZnCl2,  between  the  third  and  fourth  pentacetates  is 
entirely  similar  to  the  balanced  reaction  in  this  solvent  between  the  first 
and  second  pentacetates.  On  the  other  hand,  we  have  never  noticed 
any  indication  that  during  either  one  of  these  reactions  a  member  of  the 
other  pair  was  produced;  in  other  words,  the  first  and  second  isomers 
are  interconvertible  by  direct  rearrangement,  likewise  the  third  and  fourth 
isomers,  but  the  only  way  now  known  by  which  it  is  possible  to  pass  from 
the  first  or  second  form  to  the  third  or  fourth  form,  or  vice  versa,  is  by 
saponifying  the  chosen  pentacetate  and  acetylating  the  resulting  galac- 
tose with  acetic  anhydride  and  sodiiun  acetate,  under  which  conditions 
the  first  and  third  pentacetates  are  formed  in  admixture.  These  relation- 
ships may  be  accounted  for  by  assuming  that  the  four  galactose  pentace- 
tates constitute  two  pairs  of  substances,  the  pairs  differing  by  the  posi- 
tion of  the  lactonyl  ring,  and  the  two  members  of  each  pair  constituting 
the  possible  alpha  and  beta  forms  that  must  be  assumed  to  exist  for  each 
ring  position.  On  account  of  the  fact  that  the  first  pentacetate  is  pro- 
duced from  galactose  in  large  3rield,  while  the  third  isomer  is  present  only 
in  small  amount,  it  appears  probable  that  the  readily  formed  7-ring  is 
in  the  structure  of  the  first  and  second  pentacetates.  The  position  of 
the  ring  for  the  third  and  fourth  isomers  is  at  present  left  undecided. 
Since  the  second  isomer  is  more  dextrorotatory  than  the  fia*st,  it  is  to  be 
considered  the  alpha  form  of  that  pair,  and  likewise  the  fourth  isomer 
is  the  alpha  form  of  the  second  pair.  On  this  view  the  fiirst  and  second 
pentacetates  of  galactose  may  be  designated,  respectively,  as  the  beta  and 
alpha  forms  of  pentacetyl  y-cyclo  galactose,  and  the  third  and  fourth  pentace- 
tates as  the  beta  and  alpha  forms  of  pentacetyl  {a,  /S,  5  or  ri)'Cyclo  galactose. 

It  has  been  suggested  by  the  late  J.  U.  Nef  ^  that  the  alpha  and  beta 
pentacetates  of  glucose  should  be  regarded  as  having  different  rings, 
rather  than  as  being  the  possible  alpha  and  beta  forms  of  a  common  ring 
structure,  probably  a  7-ring.  The  data  now  at  hand  concerning  the 
four  pentacetates  of  galactose  appear  to  us  to  show  that  the  two  glucose 
pentacetates  must  have  the  same  ring  because  they  pass  readily  one  into 
the  other  in  acetic  anhydride  containing  ZnCl2. 

^  Ann.,  403,  331   (19 14).     The  contrary  view  has  been  upheld  by  E.  Fischer^ 
Ber.,  47,  1980  (1914),  and  by  Irvine,  J.  Chem.  Soc,  X07,  524  (1915)- 
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Since  the  ring  formation  remains  fixed  in  these  pentacetates  of  galac- 
tose, it  is  to  be  expected  that  each  ring  will  give  rise  to  a  series  of  deriva- 
tives. Thus  the  acetochlorogalactose  that  has  been  prepared  by  Skraup 
and  Kremann^  from  the  first  pentacetate  is  to  be  considered  a  7-C3rdo 
derivative,  and  there  shotdd  exist  a  second  acetochlorogalactose  related 
to  the  third  pentacetate  by  a  common  ring  structure.  Experiments  are 
in  progress  in  this  laboratory  for  the  purpose  of  correlating  the  deriva- 
tives of  galactose  with  the  two  pairs  of  pentacetates,  wherever  possible, 
and  the  present  opportunity  is  taken  to  record  the  preparation  of  three 
derivatives  from  the  third  galactose  pentacetate,  namely,  the  expected 
second  form  of  acetochlorogalactose,  a  new  tetracetyl  galactose,  and  its 
phenylhydrazone. 

A  Second  Acetochlorogalactose.— ^Twenty  grams  of  the  third  galactose 
pentacetate  were  dissolved  in  60  cc.  dry  chloroform  and  boiled  two  hours 
with  5  g.  Aids  and  13  g.  PCU,  according  to  the  method  of  Skraup  and 
Kremann.*  After  washing  with  ice  water  and  bicarbonate  solution, 
and  drying  with  CaClj,  the  solution  was  distilled  in  vacuo  to  a  sirup  which 
crystallized  on  the  addition  of  absolute  ether.  After  several  recrystalliza- 
tions  from  ether,  1 1 . 6  g.  of  aystals  were  obtained  which  did  not  change 
in  specific  rotation  on  further  crystaUization.  They  melted  at  67**  (corr.). 
Chlorine  estimations  were  made  by  dissolving  the  substance  in  alcohol 
and  adding  a  solution  of  AgNOs  in  50%  alcohol. 

0.2184  &i^d  0.5681  g.  substance  (dried  over  H1SO4  in  a  desiccator)  gave  0.0840  and 
0.2200  g.  AgCl,  respectively. 

Pound:  9.51  and  9.57%  Ci.    Theoretical:  9.67%  for  a  tetracetylchlorogalactosfc 

The  substance  is  strongly  levorotatory  in  chloroform:  6.2  g.  per  100  cc 
chloroform'  solution  read  — 9 .  85  circular  degrees  in  a  2  dcm.  tube,  hence 
[«]d  =  — 79-1**;  3-96  g.  per  100  cc.  read  — 6.10°,  hence  [ajo  =  — 77- 1°- 
The  previously  known  acetochlorogalactose  was  reported  by  Skraup 
and  Kremann  to  be  strongly  dextrorotatory,  +213  in  chloroform.  It 
appears,  therefore,  that  the  substance  which  we  have  prepared  is  an  iso- 
meric acetochlorogalactose  having  the  same  ring  as  exists  in  the  third 
and  fourth  pentacetates. 

A  Third  Tetracetate  of  Galactose  and  Its  Phenylhydrazone. — Two  iso- 
meric tetracetates  of  galactose  are  recorded  in  the  literature.  One,  which 
will  be  here  designated  the  first  tetracetate,  was  prepared  by  Skraup 
and  Kremann*  from  the  first  known  form  of  acetochlorogalactose  (7-cyclo), 
and  found  to  melt  at  145°  and  to  have  the  specific  dextrorotation  +137 
in  chloroform.    The  other  tetracetate,  here  designated  the  second  form, 

^  Monatsh.,  2a,  375  (1901). 

« Ibid.,  22,  379  (1901). 

'  Chloroformum  purificatum,  U.  S.  P. 

^  Monatsh.,  22,  1045  (isK>i). 
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was  prepared  by  Unna^  from  acetobromogalactose  (7-cyclo)  and  found 
to  melt  at  102**  ^d  to  have  the  specific  dextrorotation  +71  in  water. 
The  preparation  of  these  tetracetates  from  the  acetohalogen  galactoses 
is  proof  that  the  free  hydroxyl  group  has  the  position  of  the  halogen  atom, 
namely,  on  the  end  lactonyl  carbon.  Since  both  tetracetates  are  derived 
from  7-cyclo  galactose  derivatives,  they  may  be  considered  as  forming 
an  alpha  and  beta  pair  in  that  series,  the  first  tetracetate  being  a-tetracetyl 
y-cyclo  galactose  and  the  second  the  beta  form.' 

Starting  with  the  third  galactose  pentacetate,  we  have  prepared  a  crys- 
talline tetracetate  which  has  entirely  different  properties  from  those 
of  the  two  known  tetracetates,  and  is  accordingly  designated  the  third 
isomer.  Twenty  grams  of  the  third  pentacetate  were  dissolved  in  25  cc. 
acetic  anhydride,  the  solution  was  cooled  in  an  ice  bath,  75  cc.  of  a  satxtfa- 
ted  solution  of  HBr  in  acetic  acid  were  added  and  the  mixture  allowed  to 
stand  ice  cold  ten  minutes.  Chloroform  was  then  added,  and  the  solu- 
tion was  washed  in  the  usual  way  for  the  preparation  of  the  acetohalogen 
sugars,  with  bicarbonate  solution  and  water.  The  chloroform  solution 
was  then  dried  with  CaCl2  and  evaporated.  The  sirup  which  remained 
could  not  be  brought  to  crystallization,  but  its  method  of  preparation 
and  its  subsequent  conversion  to  the  new  tetracetate  indicate  that  it  is  a 
bromoacetyl  derivative  of  the  third  pentacetate.  Fifteen  grams  of  this 
sirup,  dissolved  in  150  cc.  methyl  alcohol,  were  shaken  with  15  g.  dry, 
freshly  prepared  AgaCOs  until  the  solution  gave  no  bromine  reaction, 
the  solution  was  filtered  and  evaporated  to  a  sirup,  which  crystallized 
after  a  few  weeks  yielding  4 . 9  g.  A  larger  quantity  of  the  crystals  were 
then  prepared  in  the  same  manner  and  recrystallized  from  methyl  alcohol 
tmtil  the  specific  rotation  became  constant.  The  substance  proved  to 
be  a  third  tetracetate  of  galactose. 

On  combustion  0.1762  and  0.1803  S-  subs,  srielded  0.3126  and  0.3194  g.  COi,  and 
0.0936  and  0.0937  g.  HiO. 

Found:  C,  48.35  and  48.31%;  H,  5.94  and  582%.  Theoretical:  48.25  and 
^•79%  for  a  galactose  tetracetate. 

An  acetyl  determination  made  by  boiling  0.3349  g.  substance  with  100 
■cc.  0.25  normal  HjS04  three  hours  in  a  quartz  flask  gave  50.2%  CHsCO, 
and  a  second  analysis,  using  0.2817  g.  substance,  gave  50.4%.  Theo- 
retical for  a  galactose  tetracetate,  49.4%. 

Saponification  of  2  g.  of  the  substance  with  alcoholic  potash  gave  a 
yield  of  90%  of  the  theoretical  amount  of  pure  galactose,  which  was  iden- 
tified by  its  reducing  power  and  specific  rotation. 

^  Inaugural  Dissertalian,  Berlin,  1911,  p.  22. 

*  It  may  be  mentioned  in  confirmation  of  this  view  that  Dr.  E.  Yanovsky  has 
recently  correlated  the  first  and  second  tetracetates  with  the  alpha  and  beta  forms  of 
I>entacetyl  7-cyclo  galactose,  respectively,  by  acetylating  the  tetracetates  at  low  tem- 
perature in  pyridine  solution  with  acetic  anhydride.     Publication  will  be  made  later. 
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The  following  specific  rotations  of  the  pure  tetracetate  in  different 
solvents  were  found,  using  a  2  dcm.  tube:  in  chlorofom>^  solution  [a]^  = 
— 17 . 8  (4. 7  g.  per  100  cc.),  in  benzene  —23 .4  (3 . 5  g.  per  100  cc.),  in  99.5% 
glacial  acetic  acid  — ii.o  (4.1  g.  per  100  cc),  in  ethyl  alcohol  — 6.2 
(4.4  g.  per  100  cc),  and  in  water  — 12.9  (4.4  g.  per  100  cc).  The  sub- 
stance shows  mutarotation.  Thus  the  specific  rotation  in  chloroform 
gradually  changed  at  room  temperature  from  its  initial  value  — 17.8 
to  — 6.9  in  one  day,  — 3.1  in  six  days,  and  — 1.9  in  three  months.  An 
aqueous  solution  changed  in  specific  rotation  from  — 12. 9  to +21  in  four 
months. 

Fehhng's  solution  is  readily  reduced  by  the  tetracetate.  The  melting 
point  of  the  ptu-e  substance  is  71-73°  (corr.). 

By  the  acetylation  of  i  g.  of  the  tetracetate  with  acetic  anhydride  and 
sodium  acetate  0.6  g.  of  the  crystalline  third  pentacetate  of  galactose 
was  obtained,  which  was  identified  by  its  melting  point  and  specific  rota- 
tion. This  conversion  proves  that  the  ring  in  the  pentacetate  structure 
is  not  changed  during  the  transformation  through  the  bromoacetyl  com- 
pound to  the  tetracetate.  Since  the  tetracetate  shows  mutarotation 
towards  increasing  dextrorotation,  it  is  to  be  regarded  as  the  beta  form. 

A  crystalline  phenylhydrazone  of  the  new  tetracetate  was  prepared 
through  the  interaction  of  seven  g.  of  the  tetracetate  and  5  cc.  phenyl 
hydrazine  in  ether  solution.  Two  estimations  of  nitrogen  in  the  oystals 
gave  6.68  and  6.61%,  in  comparison  with  the  theoretical  value  of  6,41% 
for  a  tetracetyl  galactose  phenylhydrazone.  The  substance  melted 
at  95°  and  showed  a  specific  dextrorotation  of  +15.5  in  chloroform. 

Wasrinoton.  D.  C. 


THE  METHYL  ESTER  OF  ORTHOBENZOYL-BENZOIC  ACID. 

By  T.  C.  McMullsn. 
Received  April  20.  1916. 

Plascuda^  described  the  methyl  ester  of  o-benzoyl-benzoic  acid  and 
Haller  and  Guyot,'  later,  prepared  it  in  five  different  ways,  one  of  which 
was  by  the  action  of  methyl  alcohol  on  the  acid  chloride  prepared  from 
phosphorous  pentachloride.  In  each  case  they  obtained  the  same  ester 
as  described  by  Plascuda  (m.  p.  51-52°). 

Meyer*  prepared  the  ester  by  the  action  of  methyl  alcohol  on  the  add 
chloride.  The  acid  chloride  was  prepared  in  three  ways:  By  (a)  thionyl 
chloride,  (b)  phosphorus  pentachloride,  and  (c)  phosphorous  trichloride 
In  the  second  case  he  obtained  the  ester  already  described,  but  in  the  other 

*  Chlorqfarmum  purificatum,  U.  S.  P. 
«  Ber.,  7,  987  (1874). 

»  Bull.  soc.  chim.,  [3]  25,  54  (1901). 

*  Monatsh.,  25,  475  (1904). 
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two  experiments  he  obtained  an  isomeric  ester  whose  melting  point  was 
about  80^.  He  inferred  that  the  add  chloride  in  (a)  and  (c)  is  an  isomer 
of  that  in  (6). 

As  Martin*  has  shown  that  the  acid  chloride  prepared  by  thionyl  chloride 
is  identical  with  that  prepared  by  phosphorus  pentachloride,  it  seemed 
worth  while  to  repeat  Meyer's  preparation  of  the  esters. 

In  each  case  the  acid  chloride  was  prepared  as  described  by  Meyer, 
and  was  usually  obtained  in  the  crystalline  form.  It  was  then  added  to 
excess  of  methyl  alcohol  in  which  it  dissolved  with  evolution  of  hydrogen 
chloride.  After  about  half  an  hour  the  solution  was  poured  into  dilute 
soditun  bicarbonate  solution  and  an  oil  separated  which  solidified  after 
standing  for  some  hours.  It  was  found  that  the  oil  solidified  sooner 
if  it  were  not  extracted  with  chloroform  as  recommended  by  Meyer.  The 
solid  was  recrystallized  by  dissolving  in  methyl  alcohol  and  adding  water 
till  the  precipitate  began  to  appear. 

Experiment  1. — ^The  add  chloride  was  prepared  by  using  thionyl  chloride 
and  obtained  in  the  crystalline  form  as  described  by  Martin.  The  jrield 
of  ester  was  about  90%;  m.  p.  51.5°. 

Calc.  for  CiiHuOi.CHtO:  12.9.    Found:  12.7,  12.8. 

As  Meyer  obtained  some  of  the  low  melting  ester  when  he  removed  the 
thionyl  chloride  as  completely  as  possible,  but  prevented  this  by  using  the 
add  chloride  in  presence  of  thionyl  chloride,  this  experiment  was  repeated 
using  the  solution  of  the  add  chloride  in  the  thionyl  chloride  but  the  same 
product  was  obtained  with  no  trace  of  Meyer's  ester. 

Experiment  2. — The  add  chloride  was  prepared  from  phosphorus 
pentachloride  and  used  in  the  crystalline  form.    The  ester  melted  at 

51.7°. 

Experiment  3. — ^The  add  chloride  was  prepared  from  phosphorus  tri- 
chloride and,  as  it  was  not  entirdy  freed  from  phosphorus  trichloride  and 
phosphorous  add,  was  not  in  the  solid  form.  The  ester  was  identical  with 
that  obtained  in  the  two  previous  cases. 

In  each  of  the  three  preparations  the  product  was  subjected  to  frac- 
tional crystallization  and  no  trace  of  another  ester  was  found  except 
in  one  instance  where  the  add  chloride  had  been  dissolved  in  ether.  This 
product  contained  some  ethyl  ester  mdting  at  58**. 

Summary. 

1.  Meyer's  preparation  of  the  methyl  ester  of  (7-benzoyl- benzoic  add 
lias  been  repeated  using  the  acid  chloride  prepared  in  three  different  way^ 
as  described  by  him.  No  trace  of  the  ester  with  the  higher  mdting  point 
^was  found. 

2.  Martin's  condusion  that  the  o-benzoyl-benzoyl  chloride  prepared 

*  Tms  Journal,  38,  1142  (1916). 
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from  thionyl  chloride  is  the  same  as  that  prepared  from  phosphoms 
pentachloride  is  confirmed,  and  it  is  shown  that  the  add  chloride  prepared 
from  phosphorus  trichloride  is  identical  with  the  others  since  it  gives 
the  same  methyl  ester. 

These  experiments  were  carried  out  under  the  direction  of  Professor 
F.  B.  Allan. 

UNIVBRSXTY   09   TOKONTO. 


[Contribution  from  thb  Chemical  Dbpartmbnt  op  thb  Hawaii  Agriculturai. 

ExPBRiMBNT  Station.] 

ON  THE  DETERMINATION  OF  SMALL  QUANTITIES  OF 
HYDROCYANIC  ACID. 

By  MAXwsi.tr  O.  Johnson. 
Received  April  10.  1916. 

In  connection  with  some  recent  chemical  work  on  cassava,  there  de- 
veloped a  need  for  a  rapid  and  accurate  method  for  the  determination  of 
small  quantities  of  hydrocyanic  acid.  The  silver  gravimetric  method  is 
not  suitable  for  small  amounts  of  cyanides,  such  as  one  milligram,  and  the 
reducing  substances  found  in  plant  distillates  interfere  with  this  and  the 
various  titration  methods.  These  reducing  substances  also  interfere  with 
the  picric  acid  colorimetric  method  of  Waller^  as  shown  by  Chapman.* 

Moore^  determines  the  hydrocyanic  acid  in  cassava  by  heating  540 
grams  of  pulped  root  in  an  iron  retort  for  two  hours,  absorbing  in  potas- 
sium hydroxide  solution  the  hydrocyanic  acid  distilled.  The  distillate  is 
acidified  with  sulfuric  add  and  redistilled  into  water  containing  5  cc.  of 
tenth-normal  potassium  hydroxide.  As  the  distillation  proceeds,  the  dis- 
tillate is  titrated  with  tenth-normal  silver  nitrate  and  potassium  hydroxide 
added  as  necessary,  to  provide  for  a  minimum  excess  of  potassium  hydroxide 
present  when  the  titration  is  completed.  The  method  appears  accurate 
but  requires  special  iron  retorts  and  a  long  distillation.  The  writer  found 
when  cassava  was  distilled  into  potassium  hydroxide  solution,  that  or- 
ganic matter  passing  over  colored  the  distillate  yellow  or  orange.  On 
adding  an  excess  of  sulfuric  acid  and  redistilling  into  potassium  hydroxide 
solution,  organic  matter  again  passed  over.  This  interfered  with  the 
silver  nitrate  titration. 

Various  studies  have  been  made  of  the  Prussian  blue  colorimetric  method, 
by  Berl  and  Delpy^  by  Lander  and  Walden,^  by  Vorlander,*  by  Knight,'^ 
1  Proc.  Roy.  Soc.  (B),  82,  574  (1910). 

*  The  Analyst,  35,  471  (1910);  36,  269  (1911). 
»  Cassava,  U.  S.  Bur.  Chem.,  Bull.  106,  12. 

*  Ber.,  43,  1430  (1910). 

»  The  Analyst,  36,  266  (191 1). 

*  Bet.,  36,  181  (1913). 

'  J.  Ind,  Eng.  Chem.,  6,  909  (19 14). 
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and  by  Viehoever  and  Johns.  ^  In  this  method,  the  cyanide  solution 
must  be  concentrated  to  a  very  small  voltune  and  reagents  added  pro- 
portional to  the  amount  of  cyanide  present  to  secure  the  maviTniini  density 
of  color. 

The  thiocyanate  method  of  Francis  and  Connell*  was  investigated. 
In  their  method,  they  add  50  cc.  of  concentrated  sulfmic  acid  to  50  g. 
of  sample  and  200  cc.  of  water  in  a  liter  distilling  flask  and  distil  about 
150  cc.  into  50  cc.  of  a  4%  solution  of  potassium  hydroxide.  The  dis- 
tillate is  made  up  to  250  cc.  and  to  an  aliquot  of  50  cc.  is  added  i  cc.  of 
yellow  ammonium  sulfide.  The  aUquot  is  evaporated  to  dryness  on  the 
water  bath,  taken  up  with  10  to  15  cc.  water  and  barely  acidified  with 
hydrochloric  add.  The  sulfiu-  is  filtered  off  and  one-half  cc.  of  dilute 
hydrochloric  add  added.  The  solution  is  boiled  five  minutes  and  filtered, 
and  the  boiUng  and  filtering  continued  until  the  solution  is  absolutely 
dear.  It  is  then  made  up  nearly  to  the  mark  in  a  50  cc.  Nessler  tube  and 
15  drops  of  5%  ferric  chloride  solution  is  added.  The  red  color  is  matched 
with  diluted  portions  of  a  standard  solution  containing  potassium  thio- 
cyanate equivalent  to  i  mg.  of  potassium  cyanide  per  cc. 

Discussion  of  the  Francis  and  Connell  Method. — ^The  equiHbrium 
of  the  reaction  between  a  thiocyanate  and  ferric  chloride  is  easily  disturbed 
by  any  factor  influencing  the  ionization  of  the  reacting  substances.  A 
few  experiments  will  show  the  influence  of  the  presence  of  potassium  chlo- 
ride and  of  hydrochloric  add.  One  cc.  of  the  standard  thiocyanate 
solution  was  made  up  in  Nessler  tubes  in  various  concentrations  of  po- 
tassium chloride  or  of  hydrochloric  acid,  15  drops  of  5%  ferric  chloride 
were  added,  and  the  color  was  matched  with  the  standard  solution.  The 
results  are  shown  in  Table  I  and  by  the  cm^es  in  Fig.  i. 

Tabi^b  I. 
Influence  of  Potassium  Chloride  and  Hydrochloric  Add  on  the  Thiocyanate  Color. 


Cone. 

Ha. 

Color  equivalent 
in  cc.  of  standard. 

Cone. 

Ha. 

Color  equivalent 
in  cc.  of  standard. 

Cone. 

Ha. 

Color  equivalent 
in  cc.  of  standard. 

10% 

0.3 

5% 

0.35 

O.I 

1.6 

5 

0.4 

4 

0.45 

0.5 

1.7 

2 

0.45 

3 

0.55 

O.OI 

1-5 

1-3 

05 

2 

0.7 

0.005 

1-4 

I.O 

0.6 

I 

0.8 

o.ooi 

1 .2 

0.5 

0.7 

0.5 

1.0 

0.0005 

1,1 

0.1 

1.0 

0.3 

1.3 

The  curve  in  Fig.  i  shows  the  great  influence  of  the  concentration  of 
hydrochloric  add  on  the  thiocyanate  color.  Small  amounts  of  add  in- 
crease the  color  but  increasing  quantities  of  add  decrease  the  color,  as  do 
increasing  quantities  of  potassium  chloride.     Yet  Frauds  and  Connell 

1  This  Journal,  37*  601  (1915)- 
*  Ibid.,  35,  1624  (1913). 
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say  to  add  one-half  cc.  of  dilute  hydrochloric  acid  in  excess,  not  specifying 
the  strength  of  the  acid.  They  state,  ^  "If  too  much  acid  is  present,  the 
solution  will  be  lemon-yellow.  If  alkaline,  the  iron  will  be  precipitated." 
The  solution  to  be  compared  with  the  standard  will  contain  i.o6%  po- 
tassium chloride  and 
o.r%  of  hydrochloric 
acid,  if  the  one-half  cc. 
of  dilute  acid  added  in 
excess  was  of  io% 
strength.  One  cc.  of 
thiocyanate  in  these 
concentrations  of  acid 
and  potassitun  chloride 
matched  in  color  1.3  cc 
of  the  standard.  Frau- 
ds and  Connell  state 
that  there  is  a  tendency 
toward  high  results  in 
their  method  and  this  is 
probably  the  cause. 

The  influence  of  tem- 
perature on  the  thio- 
cyanate color  was  in- 
vestigated. An  increase 
in  temperature  increases 
Cone.  Of  K CI  or HCl  in  percent,  contQimng  ^^  ^^^^  ^^  ^^  ^hio- 

JcC'   of  Standard    thiocyamte      ^y^^^e  alone,  but  de- 

I. — Curves  showing  the  effect  of  potassium  chloride  creases  it  in  the  pres- 
and  hydrochloric  acid  on  the  thiocyanate  color.  ^^^^    ^j    hydrochloric 

acid  and  potassium  chloride.  A  difference  of  five  degrees  in  temperature 
made  little  appreciable  difference  in  the  color.  If  solutions  to  be  com- 
pared are  both  at  room  temperature,  the  temperature  factor  should  not 
affect  restdts. 

As  shown  by  Viehoever  and  Johns*  a  volatilization  of  some  of  the  free 
thiocyanic  acid  took  place  on  long  boiling  but  the  loss  was  fotmd  to  be 
small.  When  a  solution  containing  3  cc.  of  the  standard  thiocyanate  was 
boiled  vigorously  under  the  condition  of  the  method  for  ten  minutes, 
less  than  0.2  cc.  was  lost. 

Fair  results  were  obtained  by  the  Francis  and  Connell  method  by  adding 
to   the  standard  thiocyanate  hydrochloric  acid  and  potassitun  chloride 
equal  to  that  in  the  solution  to  be  compared,  but  the  removal  of  the  sulfur 
»  hoc.  cit, 
2  This  Journal,  37i  601  (1915)- 
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in  the  method  is  a  tedious  process.     It  is  believed  that  the  following  method 
will  be  found  convenient  and  accurate. 

Description  of  the  Method. 

Distil  the  hydrocyanic  acid  from  the  sample  into  potassium  hydroxide 
solution  after  adding  sulfuric  add  according  to  the  Francis  and  Connell^ 
method  or  after  enzyme  hydrolysis.  To  50  cc.  of  the  solution  containing 
o.i  to  8  mg.  of  potassium  cyanide  add  i  cc.  of  yellow  ammonium  sul- 
fide and  evaporate  to  dryness  on  the  water  bath.  To  the  residue  add  10 
cc.  of  acetone  and  rub  with  a  small  glass  or  porcelain  pestle  to  effect  thor- 
ough extraction.  Pour  off  the  acetone  into  a  small  evaporating  dish  and 
repeat  the  extraction  twice.  Evaporate  the  combined  acetone  extracts 
to  diyness  on  the  water  bath.  Remove  the  dish  and  allow  to  cool  to  room 
temperature.  Take  up  the  residue  in  water,  make  up  to  50  cc.  in  a  Nessler 
tube  and  add  2  cc.  of  0.5%  ferric  chloride  solution.  Match  the  color  with 
standards  made  by  diluting  various  quantities  of  a  solution  containing 
potassium  thiocyanate  equivalent  to  one  milligram  of  potassium  cyanide 
per  cc.  Mix  the  ferric  chloride  well  with  the  solution  before  comparing. 
If  the  distillate  is  colored  by  organic  matter  and  also  the  acetone  extract, 
the  following  procediu^e  should  be  adopted : 

After  evaporating  the  combined  acetone  extracts  to  dryness,  take  up 
the  residue  in  15  cc.  of  water  and  pour  into  a  small  separatory  funnel. 
Wash  the  dish  with  two  5  cc.  portions  of  water,  poming  the  wash  water 
into  the  funnel.  Add  to  the  funnel  25  cc.  of  ethyl  acetate  which  has 
previously  been  extracted  several  times  with  water  to  remove  any  soluble 
impimties.  Shake  well  and  allow  to  settle.  The  yellow  color  will  be 
taken  up  by  the  ethyl  acetate.  Drain  off  the  clear  water  solution  into  an 
evaporating  dish  and  evaporate  to  dryness.  Take  up  in  water,  make  up 
to  50  cc.  in  a  Nessler  tube  and  compare  with  standard  as  usual. 

Discussion  of  the  Method. — Potassium  thiocyanate  is  very  soluble 
in  acetone,  while  potassium  hydroxide  and  potassium  sulfide  will  not  dis- 
solve. To  test  the  completeness  of  the  acetone  extraction,  i  cc.  of  yellow 
ammonium  sulfide  was  added  to  each  of  two  potassium  hydroxide  solu- 
tions containing  8  mg.  of  potassium  cyanide.  No.  I  was  evaporated  to 
a  thick  paste.  No.  II  to  dryness.  The  residues  were  extracted  as  in  the 
method  with  five  lo-cc.  portions  of  acetone,  but  the  acetone  extracts  were 
evaporated  separately  to  dryness,  and  the  thiocyanate  and  its  potassium 
cyanide  equivalent  determined  in  each.    The  results  are  given  in  Table  II. 

When  the  solution  is  evaporated  to  a  thick  paste,  the  acetone  dissolves 
the  thiocyanate  slightly  better,  but  much  less  organic  matter  is  taken  up 
by  the  acetone  when  evaporated  to  dryness.  Acetone  of  technical  purity 
was  used  with  good  results. 

*  This  Journai,,  35,  1624  {1913). 
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Tablb  II. 

Test  of  Completeness  of  the  Aoetone  Extraction. 

Potassium  cyanide  in  mg.  in  thiocyanate  eztractod. 

No.  of  / • V 

extract.  I.  n. 

1 75  73 

2 0.5  0.7 

3 Trace  Trace 

4 None  None 

5 None  None 

To  test  the  ethyl  acetate  extraction,  8  cc.  of  the  standard  thiocyanate 
solution  were  made  up  to  25  cc.  and  extracted  with  25  cc.  of  washed  ethyl 
acetate.  The  thiocyanate  in  the  water  solution  was  determined  as  usual 
and  matched  in  color  8  cc.  of  the  standard.  The  ethyl  acetate  was  washed 
with  three  portions  of  25  cc.  water  and  the  thiocyanate  in  each  determined. 
The  first  portion  showed  a  faint  trace,  less  than  o.i  cc.  of  the  standard, 
and  the  second  and  third  showed  no  thiocyanate  present.  The  yellow 
color  due  to  organic  matter  will  usually  be  removed  by  one  extraction  with 
ethyl  acetate,  but,  if  not,  further  extractions  will  leave  the  thiocyanate 
solution  colorless.  If  the  ethyl  acetate  extraction  is  used,  the  solution 
should  be  matched  with  the  standard  soon  after  adding  the  ferric  chloride, 
since  water  extracts  of  ethyl  acetate,  after  adding  ferric  chloride,  give  a 
yellow  color  on  long  standing. 

The  thiocyanate  color  is  proportional  to  the  amount  of  ferric  chloride 
added.  Since  the  range  of  potassium  cyanide  to  be  determined  lay  be- 
tween o.i  and  8  miUigrams,  2  cc.  of  0.5%  ferric  chloride  were  added  as 
giving  the  great^t  color  change  between  these  limits.  The  method  can 
be  adapted  to  quantities  of  cyanide  greater  or  less  than  these  limits  by 
adding  less  or  greater  quantities  of  ferric  chloride  to  the  solution  and  to 
the  standard. 

.  To  determine  the  accuracy  of  the  method  as  a  whole,  solutions  of  about 
1%  potassium  hydroxide  were  made  up  and  to  these  were  added  quantities 
of  a  standardized  potassium  cyanide  solution  corresponding  to  8,  6,  4,  2 
and  I  milligrams  of  potassium  cyanide.  The  potassium  cyanide  in  these 
solutions  was  determined  according  to  the  method,  both  with  and  without 
the  extraction  with  ethyl  acetate,  and  the  results  agreed  exactly  with  the 
theoretical. 

A  difference  in  thiocyanate  color  can  be  distinguished  as  follows:  0-4 
cc.  of  standard,  0.1  cc;  4-8  cc,  of  standard,  0.2  cc. 

Summary. 

(i)  It  has  been  shown  that  modifications  are  necessary  in  the  Francis 
and  ConneU^  thiocyanate  method  for  the  determination  of  small  quanti- 
ties of  hydrocyanic  acid  and  a  modified  method  has  been  indicated. 
*  This  Journai..  35,  1624  (19 13). 
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(2)  A  convenient  and  accurate  method  has  been  given  for  the  determina- 
tion of  small  quantities  of  hydrocyanic  acid  by  the  thiocyanate  method, 
the  potassium  thiocyanate  being  leached  out  by  means  of  acetone. 

(3)  Organic  coloring  matter  can  be  removed  from  the  thiocyanate  solu- 
tion by  extraction  with  ethyl  acetate. 

HoNOLuirU,  HAWAn. 


THE  SOLUBILITIES  OF  SEVERAL  SUBSTANCES  IN  MIXED 
NONAQUEOUS  SOLUTIONS. 

By  J.  W.  Makdsn  and  Makt  V.  DoysK. 
Received  January  19,  1916. 

Introductory  and  Historical. — It  is  pretty  generally  agreed  that  the 
solubility  of  materials  in  mixed  solvents  is  not  as  great  as  in  one  or  other 
of  the  pure  solvents.  Mixtures  of  nonaqueous  liquids  are  not  infrequently 
recommended,  however,  for  solution  and  separation.  For  example,  the 
United  States  Pharmacopeia  suggests  the  use  of  ether-chloroform  for  the 
extraction  of  quinine.  Thorpe^  suggests  its  extraction  by  means  of  a 
benzene-chloroform  solution.  In  some  cases  the  second  solvent  is  used 
for  the  piupose  of  excluding  undesirable  materials.  This  can  scarcely 
always  be  the  case. 

The  solubilities  of  a  number  of  substances  have  been  determined  in 
mixed  aqueous  solutions  and  a  number  of  irregularities  noted.  The 
solubility  of  acetanilide,*  for  instance,  has  been  shown  to  be  greatest  in 
90%  ethyl  alcohol  at  25®.  If  the  concentration  of  the  alcohol  is  either 
increased  or  decreased,  the  solubility  is  lowered.  According  to  Miiller,* 
the  solubility  of  strychnine  at  20®  in  water  is  0.021  g.  strychnine  per  100 
g.,  while  in  ether  it  is  0.0342  g.  In  water  saturated  with  ether  the  solu- 
bility is  0.0166  g.,  which  value  is  lower  than  in  either  solvent. 

Dunkelski^  has  determined  the  solubiHties  of  certain  mercuric  salts  in 
given  mixed  nonaqueous  solvents  at  different  temperatures  in  an  effort 
to  show  that  chemical  combination  takes  place  between  the  solvent  and 
solute  in  molecular  proportions,  much  as  we  have  the  formation  of  hydrates 
in  aqueous  solution. 

Bruner*  has  determined  the  solubilities  of  iodine  in  various  mixed  solu- 
tions of  nonaqueous  solvents.  Bruner's  work  shows  that  the  solubility 
of  iodine  is  less  than  proportional  to  the  percentage  composition  of  the 
solvent.  The  curves  given  in  his  paper  are  not  smooth,  but  there  are  no 
very  sharp  breaks  which  might  indicate  the  presence  of  various  solution 

*  "Dictionary  of  Applied  Chemistry,"  Vol.  V,  p.  677,  Longmans,  Green  &  Co., 
Kew  York. 

*  Holleman  and  Antusch,  Ru.  trav.  chim.,  13,  293  (1894). 
»  Apoth.  Ztg.,  18,  258  (1903). 

*  Z.  anorg.  Chem.,  53,  327  (1907). 
»  Z.  physik.  Chem.,  26,  145  (1898). 
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compounds.  Bruner  gives  an  arbitrary  formula  by  which  he  calculates 
the  solubility  of  the  iodine.  In  some  cases  the  calculated  values  are  very 
far  from  even  approximating  the  observed  values.  He  acknowledges 
that  the  temperature  conditions  imder  which  his  work  was  done  were 
not  carefidly  regulated. 

This  paper  is  the  result  of  the  first  portion  of  a  larger  piece  of  work  now 
under  way  to  furnish  some  accurate  data  on  the  solubility  of  certain  sub- 
stances in  mixed  nonaqueous  solvents,  and  to  answer  some  of  the  ques- 
tions resulting  from  a  study  of  the  meagre  literature  now  existing  on  the 
subject. 

Theoretical  Considerations. — It  has  been  shown  algebraically^  that  the 
fractional  precipitation  of  substances  follows  the  same  general  law  as 
Bimsen's  law  for  the  washing  of  precipitates.  If  Bunsen's  law  is  stated 
in  terms  of  a  fraction,  the  quantity  of  material  which  it  is  desired  to  re- 
move still  clinging  to  the  precipitate,  bears  a  constant  ratio  to  the  amount 
which  is  removed  by  each  successive  portion  of  wash  liquid,  provided  that 
the  quantity  of  wash  liquid  is  always  the  same  in  each  operation.  When 
Ci,  C2,  Ci,  etc.,  represent  the  weights  of  undesirable  material  remaining 
with  the  precipitate,  after  i,  2,  3,  etc.,  washings,  the  law  can  be  expressed 
in  the  following  manner: 

C  —  Ci  _  Ci  —  Ca  _  Ct  —  C»  _  __ 
C  Ci  C  "^ 

When  stated  in  this  way,  K  represents  the  fraction  of  the  total  material 
(before  the  operation)  which  is  removed  by  a  given  portion  of  wash  liquid. 
It  is  evident,  however,  that  if  the  expression  gives  a  constant,  the  ex- 

C  —  Ci  ^  Ci  —  Ca  _  Ca  —  C>  __  ^ 
Ci  Ca.  C,  "^ 

should  also  give  a  constant  (or  nearly  a  constant)  which  has  a  somewhat 
higher  numerical  value. 

The  constant  of  distribution  between  two  immiscible  solvents  is  usually 
expressed  in  the  latter  way,  in  order  to  show  the  equilibrium  relationship 
between  the  concentrations  of  the  solute  in  the  two  solvents. 

The  value  of  K  in  the  fractional  expression  — -^ — ?  =  etc.,  has  been 

calculated  in  the  first  four  tables  of  residts  for  each  10%  change  of  the 
composition  of  the  solvent  (where  the  mixed  liquid  is  considered  the  solvent) 
using  the  values  C,  Ci,  Ca,  etc.,  as  the  differences  between  the  observed 
solubilities  and  the  solubilities  in  the  poorer  solvent.  As  this  indicates^ 
if  K  is  a  constant,  it  represents  the  fraction  of  the  total  precipitable  ma- 
terial removed  by  any  10%  change  in  the  composition  of  the  solvent, 

>  Blackman,  J.  Phys.  Chem,,  13,  436  (1909). 
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When  the  percentage  composition  of  the  solvent  is  plotted  against  the 
solubility  on  the  rectangular  system,  the  curve  is  exponential  in  form. 
(Fig.  la. — ^Acetanilide  in  chloroform-ether.)  There  are  various  ways 
in  which  the  curves  of  a  ternary  system  of  this  kind  may  be  plotted. 
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80 


90 


Fig.   I. 


While  the  triangular  system  is  convenient  in  many  ways,  the  curves 
obtained  by  the  rectangular  system  show  the  slope  better  for  analytical 
purposes  and  for  this  reason  are  given  here. 

The  fact  that  the  curve  is  exponential  in  form  may  also  be  proved 
by  applying  the  test  of  an  exponential  equation.  If  the  log  (C  —  Ci), 
(Ci  —  Cj),  etc.,  is  plotted  against  the  log  (i/C),  (i/Ci),  etc.,  the  result 
(Fig.  2a)  is  a  straight  line.  It  may  also  be  seen  from  the  slope  of  this 
curve  that  the  exponent  (n)  is  nearly  equal  to  one.  Two  points  have 
been  disregarded  here  because  the  solubility  change  was  less  than  0.3  g. 
and  the  experimental  error  was  consequently  large. 

If  K  is  a  constant,  a  formula  can  readily  be  developed  by  which  the 
solubility  for  any  percentage  composition  of  solvent  can  be  calculated 
from  the  average  experimental  value  of  K.  Since  K  represents  the  frac- 
tion of  the  total  amount  of  material  (which  may  be  precipitated  by  the 
poorer  solvent)  that  is  precipitated  by  any  10%  portion  of  the  poorer 
solvent,  (i  —  K)  represents  the  fraction  still  in  solution,  (i  —  K)*, 
then,  represents  the  fraction  of  material  still  in  solution  after  the  addition 
of  («)  10%  portions  of  the  poorer  solvent.  If  we  let  A  equal  the  solu- 
bility in  the  better  solvent  and  B  equal  the  solubility  in  the  poorer  solvent, 
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the  formula,  by  the  use  of  which  the  solubility  may  be  calculated,  is  as 
follows: 

[(i  —  K)"  (A  —  B)]  +  B  =  SolubiUty 

As  will  be  seen  in  the  cases  of  acetanilide  and  strychnine  in  chlorofonn- 

ether  solutions,  this  relationship  holds  fairly  well.     When  benzoic  add 

and  iodine  were  tried  in  the  same  way  K  was  far  from  a  constant.    It 

was  found,  too,  that  the  ciu^es,  though  smooth,  were  different  from  those 


obtained  before.  (Fig.  i6. — ^Iodine  in  chloroform-ether  solutions.)  When 
the  log  (C  —  Ci),  (Ci  —  C«),  etc.,  is  plotted  against  the  log  (i/C),  (i/Ci), 
etc.,  however,  a  straight   line   is  obtained  (Fig.  '26),  the  exponent  («) 


equalling  very  nearly  two. 


^  ...  .      (C  —  Ci) 

From  this,  the  expression  -^ ;= — -  = ,  etc.^ 

VC 


should  give  a  constant. 

Other  cases  were  found  where  the  curves  were  broken,  showing  changes 
in  the  composition  of  the  solute.  The  curves  for  acetanilide  in  acetone- 
benzene,  benzoic  add  in  acetone-benzene  and  the  same  material  in  ethyl 
acetate-benzene  solutions  are  given  in  Fig.  3a,  6  and  c,  respectively. 
No  constant  relationship  could  be  developed  to  cover  such  curves. 
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Methods  of  Determination. — ^The  solubilities  as  recorded  in  this  paper 
were  determined  by  shaking  the  mixed  solvents  with  a  large  excess  of  the 
solid  material  for  twelve  to  twenty  hours  in  a  thermostat,  which  regulated 
at  25°  within  one-tenth  of  one  degree.  The  bottles  had  groimd  glass 
stoppers  which  were  protected  by  a  coating  of  beeswax  and  rosin,  over 
which  was  tied  a  piece  of  rubber  sheeting. 

The  saturated  solutions  were  forced  from  the  bottles  upward  with  air 
pressure,  through  a  glass-wool  filter,  into  an  especially  constructed  weigh- 
ing pipet.  This  pipet  is  very  similar  to  that  described  by  Hall^  but  was 
in  use  before  his  publication.  This  type  of  pipet  is  not  only  convenient 
for  weighing  out  such  solutions,  but  if  the  small  neck  at  the  upper  end  of 
the  apparatus  be  calibrated,  the  densities  of  the  solutions  can  be  deter- 
mined in  weighing  out  the  liquids  for  the  solubiHty  determinations. 
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Fig.  3. 

Most  of  the  substances  were  determined  by  distilling  off  the  solvent, 
drjnng  in  a  sulfuric  acid  desiccator  and  weighing  directly  at  ordinary  tem- 
peratures. The  iodine,  however,  was  titrated  immediately  after  having 
been  weighed  out,  with  carefully  standardized  sodium  thiosulfate  solution. 

Purity  of  Materials. — ^The  chloroform  was  Kahlbaum's  best  grade, 
the  specific  gravity  of  which  was  1.479  ^^  25**.  Linebarger*  gives  the 
specific  gravity  of  pure  chloroform  at  25**  as  1.4806.  The  ether  was 
Merck's  which  had  been  distilled  over,  sodium.     It  showed  an  average 

1  This  Journal,  37,  2062  (1915). 
*  Am.  Chem.  J.,  18,  442  (1896). 
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Specific  gravity  of  0.709.  Linebarger  gives  the  specific  gravity  of  ether 
at  25®  as  0.7094.  These  solvents  conformed  in  every  respect  to  the  tests 
for  purity  given  by  the  United  States  Pharmacopeia  and  Krauch.^ 

The  ether-chloroform  solutions  which  were  carefully  weighed  together 
are  listed  below  in  terms  of  percentage  by  weight  with  the  specific  gravities 
of  the  solutions. 

Table  I. 

Ho.  %  chloroform.  %  ether.       9p.  gr.  at  25  ^ 

I lOO  O  1-479 

2 90.04        9.96  1.34^ 

3 79.8  20.2  1.225 

4 59.7  40.3  1.047 

5 40.8  59.2  0.915 

6 19.8  80.2  0.797 

7 10.2  89.8  0.752 

8 o  100  0.709 

The  aqetone-beftzene  solutions  were  made  from  the  best  ptuified  material 
available.  The  specific  gravities  of  these  solutions  together  with  their 
percentage  compositions  are  given  in  Table  II. 

Table  II. 

No.  %  acetone.        %  bensene.      Sp.  gr.  at  25". 

I.. 100  o  0.792 

2 90  10  0.800 

3 80  20  0.808 

4 60  40  0.824 

5 40  60  0.841 

6 20  80  0.857 

7 10  90  0.866 

8 o  100  0.876 

The  specific  gravity  of  acetone  is  given  by  Saposchnikow,*  vl^,  as 
0.79705.  The  specific  gravity  of  benzene  at  25°  is  given  by  Linebarger 
as  0.87661. 

The  specific  gravities  of  ethyl  acetate-benzene  solutions  are  stated  in 
the  same  way. 

Table  III. 

No.  %  ethyl  acetate.     %  benzene.     Sp.  gr.  at  25". 

I lOO  O  0 .  896 

2 90  10  0.894 

3 80  20  0.892 

4 60  40  0.887 

5 40  60  0.883 

6 20  80  0.879 

7 10  90  0.8775 

8 O  100  0.876 

*  "Testing  of  Chemical  Reagents/'  D.  Van  Nostrand  &  Co.,  New  York  (1902). 

•  J.  Russ.  Phys,  Chem.  Gesellschaft,  28,  229  (1896). 
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The  specific  gravity  of  ethyl  acetate  is  given  by  Linebarger  as  0.89156 
at  25**.  There  seems  to  be  some  difference  between  this  value  and  the 
value  obtained  in  this  work.  This  sample  showed  a  boiling  point  of 
77.5°  on  a  standardized  thermometer.  By  a  comparison  with  the  values 
given  by  other  authors  for  the  specific  gravity  of  this  substance  at  several 
different  temperatures,  the  value  given  by  Linebarger  appears  to  be  some- 
what low. 

The  acetanilide  conformed  to  the  standards  of  the  U.  S.  P.  Two  grams 
of  the  material  left  no  weighable  residue  when  ignited.  The  melting  point 
was  113**.  The  determination  of  the  nitrogen  by  the  Kjeldahl  method 
gave  a  value  within  0.02%  of  the  calculated  percentage. 

The  strychnine,  in  addition  to  the  requirements  of  the  U.  S.  P.,  was 
tested  for  other  impurities  which  might  be  in  such  a  sample.  None  were 
foimd.  "There  was  no  weighable  residue  left  by  the  ignition  of  2  g.  of 
strychnine.    This  sample  gave  a  melting  point  of  284°. 

The  iodine,  which  was  resublimed,  showed  no  test  for  any  of  the  impurities 
described  by  the  U.  S.  P.  or  by  Krauch.  The  iodine  was  fiuther  care- 
fully tested  quantitatively  by  titration  with  sodium  thiosulfate  solution 
which  had  been  standardized  by  means  of  an  especially  prepared  potas- 
sium dichromate  solution.  The  average  weight  of  iodine,  calculated  from 
the  volume  of  thiosulfate  solution,  was  almost  exactly  that  taken  for 
analysis  and  considerably  below  the  errors  of  titration. 

No  impmity  was  foimd  by  the  tests  described  in  the  U.  S.  P.  for  benzoic 
acid.  The  melting  point  was  122**.  Weighed  samples  were  dissolved  in 
hot  water  and  titrated  with  tenth-normal  sodium  hydroxide  solution, 
using  phenolphthalein  in  the  hot  solution;  0.2000  g.  of  the  acid  gave  an 
average  weight  by  titration  of  0.2002  g. 

It  might  be  pointed  out  here,  however,  that  even  though  quite  pure, 
these  reagents  may  vary  a  small  amotmt  in  their  content  of  certain  ob- 
jectionable materials  and  yet  conform  to  our  standards  of  purity.  A 
small  amount  of  water  or  alcohol,  for  example,  may  be  present  in  some 
of  the  Uquid  solvents  and  escape  detection,  which  may  have  a  marked 
effect  on  the  solubility  of  some  substance  in  it.  This  may  explain,  partly, 
at  least,  why  some  of  the  solubility  results  obtained  here  do  not  in  all 
cases  check  those  of  previous  observers.  As  an  example  of  such  discrep- 
ancies, the  case  of  mercuric  chloride  might  be  cited.  Four  authors^ 
give  its  solubility  at  25**  varying  from  22.2  g.  to  40  g.  per  100  g.  of  ethyl 
acetate.  In  acetone  at  the  same  temperature,  also,  the  solubility  varies 
from  37.4  g.  to  61.7  g.  per  100  g.  of  solvent. 

The  Solubility  Data. — In  stating  the  data,  the  solubility  of  the  soUd 
substance  is  given  in  terms  of  grams  per  100  g.  of  the  mixed  solvent,  the 

*  Seidell,  "Solubilities  of  Inorganic  and  Organic  Substances,"  D.  Van  Nostrand 
&  Co.,  New  York  (1907). 
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percentage  composition  of  the  solvent  being  given.  The  results  are  listed 
in  this  way  to  show  the  decrease  in  solubility  with  the  change  in  composi- 
tion of  the  Uquid  mixture. 

Tablb  IV. 
Acetanilide  in  ether-chlorofomi  solutions  at  25  ". 


Composition  of  solveiit. 

Observed 

solttbiUty. 

100 

17.7 

90 

II. 7 

80 

8.2 

(70) 

(6.2) 

60 

4.95 

(50) 

(4.25) 

40 

•   3.8 

(30) 

(3.5) 

20 

3.25 

10 

3.05 

0 

2.9 

_  C-Ci 

CalcnUtcd 

c    • 

sduDility. 

0.405 

12.2 

0.398 

8.8 

0.378 

6.5 

0.378 

5.1 

0.341 

4-3 

0.333 

3.8 

0.333 

3.46 

0.417 

3  26 

•  •  • 

3.13 

Average 0.373 

The  values  given  in  the  above  table  in  parenthesis  have  not  been  de- 
termined experimentally  but  read  from  ciu-ves  (Fig.  la).  It  will  be  noticed 
that  K  has  a  value  that  is  very  nearly  constant.  Speyers^  has  found  the 
solubility  of  acetanilide  in  chloroform  at  25®  as  14.5  g.  per  100  g.  of  the 
solvent. 

Tabus  V. 
Strychnine  in  ether-cfalorofonn  solutions  at  25  ^. 


Compositloii  of  solvent.         Observed 

%  chloroform.  solubility. 

100  15.3 

90  7.1 

80  2.77 

70  (1.5) 

60  0.65 

50  (0.35) 

40  0.27 

30  (0.21) 

20  0.15 

10  0.09 

o  0.02 


K  - 


C~Ci 


0.538 
0.612 
0.462 

0.574 
0.476 


solubility. 

7.1 

3.3 

1.5 

0.7 

0.47 

0.18 


Average  =  0.532 
Only  the  first  few  values  given  here  are  calculated  for  K.  The  reason 
for  this  is  that  when  the  solubilities  get  much  below  0.3  g.  the  error  of  de- 
termination becomes  large.  The  solubility  of  strychnine  in  chloroform 
and  in  ether  at  25®  is  given  by  Mtiller*  as  16.6  and  0.0182  g.  in  100  g.  of 
solvent,  respectively. 

*  Am.  J.  Set.,  [4]  14,  294  (1902). 

*  A  path.  Ztg.,  18,  258  (1903). 
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Table  VI. 
Benzoic  add  in  ether-chloroform  solutions  at  25  *^. 


CompcMition  of  flolvent. 
%  chloroform. 

Observed 
•dnbiUty. 

C-C, 

^      C-Ci 

K.       c     . 

^-    vc  • 

100 

38.4 

... 

90 

34.0 

0.188 

0.910 

80 

30.1 

0.205 

0.897 

70 

(26.6)- 

0.232 

0.902 

60 

23.2 

0.293 

0.995 

50 

(20.8) 

0.293 

0.840 

40 

18.6 

0.380 

0.916 

30 

(16.8) 

0.500 

0.947 

20 

15.6 

0.667 

0.895 

10 

15.2 

0.667 

0 

15.0 

Average 

-  0.913 

The  solubflity  of  benzoic  acid  in  chloroform  at  25  ^  is  given  by  Bourgoin^ 
as  14.3  g.  in  100  g.  chloroform  and  31.35  g.  in  100  g.  of  ether.  It  will  be 
noticed  here  how  very  nearly  constant  are  the  values  of  K  in  this  table. 

Tablb  VII. 
Iodine  in  ether-chloroform  solutions  at  25  ^ 


iposttion  of  toWent. 
%  chloroform. 

Observed 
solubility. 

0 

35.1 

10 

29.6 

20 

24.8 

30 

(20.2) 

40 

16.3 

50 

(12.7) 

60 

9.83 

70 

(7.5) 

80 

5.73 

90 

4-31 

100 

3x0 

ions  at  25  *" 

(Fig. 

lb). 

C-Ci 

C-Ci 

-      C    • 

^-    vc  • 

0.172 

0.973 

0.181 

0.932 

0.212 

0.990 

0.230 

0.934 

0.272 

0.992 

0.299 

0.925 

0.342 

0.900 

0.402 

0.843 

0.539 

0.877 

Average  =  0.931 

Bnmer  gives  the  solubility  of  iodine  in  chloroform  at  about  15**  as 
3.02  g.  per  100  cc.  of  solution.  Molecular-weight  determinations  of  iodine 
by  the  boiling-point  method  in  ether  indicate  that  ithas  a  diatomic  molecule. 

Each  set  of  data  which  has  been  given  thus  far,  when  plotted  as  in  Fig,  i> 
gives  smooth  ciu-ves  in  which  no  breaks  have  been  observed.  It  will 
be  recalled  that  the  values  for  acetanilide  in  ether-chloroform  solutions 

Q  Q 

give  a  constant  for  the  simple  relationship  K  =  — ^ — -.    In  acetone- 

benzene  solutions,  acetanilide  gives  a  curve  (Fig.  3a)  not  unlike  the  qirves 
*  Ann.  chim.  phys.,  [5]  13,  406  (1878). 
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obtained  when  the  solubilities  of  certain  hydrates  are  plotted  against 
temperature.  Two  other  cases  where  broken  curves  have  been  obtained 
are  cited  below. 


Table  VIII. 

Tabi 

LU  IX. 

Table  X. 

Acetanilide 

in  acetone- 

Benzoic  add  in  acetone- 

Benzoic  add  in  ethyl 

benzene  solutions  at  25  **. 

benzene  solutions  at  25  °. 

acetate-benzene  solutions 

(Fig.  sb.) 

at25^ 

(Fig.  3^.) 

Compoaition 

Composition 

of  solvent. 

Observed 

of  solvent. 

Observed 

of  solvent. 

Observed 

%  benzene. 

•olubility. 

%  benzene. 

solubility. 

%  benzene. 

solubiUty. 

0 

39-4 

0 

55.6 

0 

41.2 

10 

45.7 

10 

51-3 

10 

28.1 

20 

36.0 

20 

49.2 

20 

29.0 

30 

(33.0) 

30 

(47.0) 

30 

(26.5) 

40 

30.5 

40 

42.2 

40 

23  9 

50 

(30.0) 

50 

(37.0) 

50 

(22.0) 

60 

29.2 

60 

33.5 

60 

20.4 

70 

(20,0) 

70 

(31.0) 

70 

(20.0) 

80 

13  0 

80 

24.1 

80 

"        16.5 

90 

6.78 

90 

18.3 

90 

14.0 

100 

1.36 

100 

XI. 6 

100 

11.6 

A  glance  at  the  curves  shows  that  no  such  expressions  could  be  used  on 
this  curve  as  were  used  to  calculate  K  in  the  data  above. 

Conclusions. 

1.  The  solubilities  of  several  substances  have  been  determined  in 
nonaqueous  solutions. 

2.  It  has  been  found  that  the  solubilities  of  substances  tried  in  ether- 
chloroform  are  exponential  functions  of  the  percentage  composition  of 
the  solvent.  The  law  which  governs  the  fractional  precipitation  may  be 
stated,  if  so  desired,  in  the  same  way  as  the  law  of  distribution  or  Bunsen's 
law  for  the  washing  of  precipitates. 

More  cases  of  this  kind  have  been  observed  and  will  be  given  in  a  later 
contribution. 

3.  The  curves  show  only  one  case  where  the  solubility  in  mixed  solvents 
is  greater  than  in  either  of  the  pure  liquids.  This  is  the  case  of  acetanilide 
in  a  solvent  made  up  of  10%  benzene  and  90%  acetone. 

4.  It  has  been  pointed  out  that  the  molecular  weight  of  iodine  in  ether 
at  its  boiling  point  corresponds  to  Formula  Ij,  and  it  is  well  known  that 
the  molecular  weight  of  benzoic  acid  in  certain  nonaqueous  solvents  is 
not  greater  than  that  which  would  correspond  to  a  double  molecule.    If 

the  formula  K  = ;=— ^  is  true  in  ether-chloroform  solutions,  however, 

vc 

there  must  be  a  dissociation  when  the  solid  material  is  precipitated.  The 
reason  for  this  is  the  same  reason  that  we  use  to  explain  the  similar  square- 
root  relationship  in  the  distribution  of  benzoic  acid  between  benzene  and 
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water.  ^  It  is  quite  unlikely  that  a  substance  going  from  solution  to  the 
solid  form  should  dissociate.  By  analogy  we  should  rather  expect  the 
reverse  process. 

The  data  for  mercuric  chloride,  which  are  not  given  above  because  a 
small  amount  of  moisture  was  found  in  the  sample  after  the  determinations 
were  made,  are  interesting  on  this  point.  Mercuric  chloride  gives  a  normal 
molecular  weight  corresponding  to  the  formula  HgCU  by  the  boiling-point 

method  in  ether  and  yet  the  data  show  that  the  relationship  K  =  — p=— ^ 

holds  very  closely. 

We  have  no  better  explanation  to  offer  at  present  than  to  say  that  per- 
haps solution  compounds  similar  to  the  hydrates  which  we  have  in  aqueous 
solutions  are  formed  in  some  cases.  These  compounds  are  not  stable, 
however,  at  the  boiling  point  of  the  solvent  any  more  than  hydrates  are 
at  ioo°  and  are  decomposed  when  the  solid  material  is  precipitated  by 
the  addition  of  the  poorer  solvent. 

Compounds  of  mercuric  chloride  and  certain  nonaqueous  solvents  have 
already  been  isolated  by  Dunkelski.^ 

UNiviiKSiTy  or  Missouri, 
Columbia. 


ON  THE  DIGESTIBILITY  OF  BREAD.   I.    SALIVARY  DIGESTION 

IN  VITRO, 

[preliminary  paper.] 

By  J.  C.  Blaxb. 
Received  March   14,   1916. 

Summary. 

The  rate  of  digestion  in  vitro  of  the  starch  of  bread  can  be  followed 
readily  and  acciu-ately  by  means  of  the  polariscope,  the  only  optically 
active  substance  entering  the  solution  under  the  conditions  herein  stated 
being  maltose.  A  rather  large  array  of  subsidiary  findings  surrounds 
this  main  observation,  such  as  confirmation  of  the  specificity  of  the  starch 
of  different  plants,  a  clearer  identification  of  some  of  the  ingredients  of 
the  starch  of  the  common  cereals  and  the  products  of  their  hydrolyses 
(including  two  new  substances),  the  variatidn  of  the  activity  of  salivary 
amylase  with  the  dilution  and  with  the  temperature,  a  comparison  of 
amylases  of  different  origin,  and  a  comparison  of  the  salivary  digestibility 
of  a  number  of  standard  breads.  This  paper  is  a  report  of  progress  rather 
than  a  finality. 

*  NerxLSt,  "Theoretische  Chemie,"  483  (1903). 

*  Loc.  cil. 
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HistoricaL  1 

The  statements  of  Maquenne  and  Roux^  that  in  the  digestion  of  amylose 
no  considerable  amounts  of  dextrins  enter  the  solution,  but  that  the  dex- 
trins  ordinarily  observed  are  derived  from  the  amylopectin  of  starch 
are  greatly  at  variance  with  the  older  ideas  of  Musculus  and  Gniber* 
and  of  Brown  and  Heron,'  still  current  in  American  works  on  physiological 
chemistry,*  according  to  which  boiled  starch  is  a  homogeneous  substance* 
which  gradually  hydrolyzes  by  the  continual  splitting  off  of  maltose  or 
isomaltose,  the  residual  nucleus  passing  successively  through  the  stages 
of  soluble  starch,  amylodextrin,  erythrodextrin,  and  an  indefinite  num- 
ber of  achro6dextrins.  So  confusing  is  the  literature  of  this  subject, 
much  of  which  is  paraphrased  in  the  works  cited,  that  at  the  present 
time  none  of  these  ingredients  has  any  standing  as  a  piu-e  chemical  sub- 
stance. On  this  account  the  polysaccharides  recognized  in  this  work 
are  here  defined  anew,  in  dose  agreement  with  the  general  trend  of  past 
usage,  the  word  dextrin  in  particular  being  applied  only  to  substances 
markedly  diffusible  through  membranes.  The  true  process  of  salivary 
digestion  seems  to  lie  about  half  way  between  the  two  processes  pre- 
viously referred  to. 

Eiqperimental. 

Polysaccharides. — ^By  working  with  the  starch  of  bread,  as  weU  as  with 
raw  and  boiled  starch,  the  author  was  able  to  recognize  more  clearly  a 
considerable  number  of  polysaccharides  which  seem  to  be  chemical  indi- 
viduals, although  exhaustive  study  of  each  of  them  is  yet  to  be  made. 
It  seems  necessary  and  worth  while  to  record  these  preliminary  observa- 
tions both  for  their  own  sakes  and  because  they  were  used  in  indicating 
pro  tanto  by  negation  that  only  maltose  was  present  in  the  solutions 
hereafter  described. 

Cellulose  and  Amylocellulose. — ^It  should  be  emphasized  that  in  bread 
pidp  (the  white  interior  of  the  loaf)  the  starch  granules  are  not  disrupted,* 
and  that  very  little  of  any  soluble  carbohydrate  is  present  outside  the 
granules,  even  though  the  starch  is  apparently  as  digestible  as  boiled 
starch  (page  1256);  whereas  in  boiled  starch  the  granules  are  disrupted 
and,  on  long  boiling  (several  hours)  or  by  superheating,  go  completely 

^  Maquenne  and  Roux,  Ann.  chim.  phys.,  [8]  9,  179;  Meyer  and  Jacobsoa, 
"Lehrbuch  der  Organischen  Chemie,"  1913,  1032;  Hammarsten-Hedin  (Mandel),  "A 
Text-book  of  Physiological  Chemistry,"  1914,  229. 

*  Z.  physiol.  Chem.,  2,  177  (1878). 

•  Liebig's  Ann.,  199,  65  4 1880). 

*  Hawk,  "Practical  Physiological  Chemistry,"  191 3,  61;  Mathews,  ''Physiological 
Clicmistry  "  1915,  328. 

•'•  R?ichert,  "Differentiation  and  Specificity  of  Starches  in  Relation  to  Genera, 
Specits."  etc.,  Pub.  Carnegie  Inst.  Wash.,  1913,  p.  160. 

•  Jago,  "The  Technology  of  Bread-Making,"  191 1. 
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into  solution.  Hence  the  digestion  of  the  cell  walls  is  the  more  readily- 
observable  with  starch  from  bread,  making  dear  the  differentiation  of 
the  substance  composing  the  walls  from  the  substances  found  within  the 
granules.  This  substance  we  will  call  amylocellulose,  because  of  its 
slow  digestibility,  the  cell  walls  of  the  large  granules  of  starch  from  bread 
becoming  disrupted  under  ordinary  conditions  of  salivary  digestion 
in  vitro  only  after  more  than  24  hotu^.  After  48  hours  the  process  is 
ended,  except  for  a  few  chain-like  cell  fragments  and  the  cell  walls  of  a 
few  very  large  hexagonal-shaped  cells.  This  definition  is  at  variance 
with  that  of  Maquenne,  who  apparently  confuses  amylocellidose,  amylose 
(the  main  constituent  of  cooked  starch)  and  "reverted  amylose"  (the  in- 
soluble and  indigestible  substance  which  settles  out  of  starch  solutions 
on  standing).  Amylocellulose  gives  no  color  with  iodine  water,  as  may 
readily  be  determined  by  testing  after  the  cell  contents  have  been  removed 
by  digestion  (infra).  It  probably  hydrolyzes  through  the  stage  of  maltose 
and  constitutes  about  10%  of  the  starch  granules  (dried  at  120°),  as  in- 
dicated by  the  increase  in  the  polarization  of  the  digestion  mixture  after 
the  contents  of  the  cells  have  been  digested  (that  is,  after  four  hours. 
Tables  I  and  IV).  The  chain-like  fragments  and  the  walls  of  the  hex- 
agonal cells  are  probably  cellulose.  The  interior  of  these  latter  cells 
stains  yellow  with  iodine,  indicating  the  presence  of  protein.^  All  of  these 
features  were  later  recognized  in  slightly  boiled  com  and  rice  starch 
(page  1257),  indicating  great  similarity  between  freshly  boiled  starch  and 
that  of  bread,  and  also  that  the  indigestible  cells  were  not  derived  from 
the  yeast  of  the  bread. 

Amylopectin  and  Rose-amylose. — If  raw  cereal  starch  be  treated 
with  iodine  water  in  minimal  amount  a  red  color  is  developed.  This 
color  disappears  at  approximately  46°  and  reappears  at  the  same  tem- 
perature provided  sufl&cient  iodine  was  originally  added  to  tiun  the  raw 
starch  purple.  The  blue  tint  of  the  purple  disappears  dming  the  heat- 
ing owing  to  loss  of  iodine  from  the  solution.  The  substance  giving 
this  red  color  with  Iodine  is  rose-amylose,  first  recognized  by  Day.* 
It  is  the  substance  responsible  for  most  of  the  confusion  existing  with  re- 
gard to  the  chemistry  of  starch,  since  it  is  usually  mistaken  for  erythro- 
dextrin,^  and  has  also  been  mistaken  for  ''residual  dextrin,*'  as  it  is  much 
less  readily  digested  than  the  dextrins  (infra).  It  disappears  from  ordi- 
nary digestion  mixtures  only  after  four  hotu^.  It  is  further  sharply 
differentiated  from  erjrthrodextrin  (q.  v.)  by  the  difference  of  13°  in  the 
transition  temperatures  of  these  two  iodides,  by  the  much  greater  sta- 

*  Confirmed  by  digestion  with  pepsin. 

«  Day,  "Digestibility  of  Starch  of  Different  Sorts  as  Affected  by  Cooking,"  Univ. 
of  Chicago  Press,  1908,  37,  41 ;  Reichert,  Loc.  cit.,  p.  195. 

'  Hawk,  Loc.  cit,,  pp.  10,  65;  Mathews,  Loc.  cit,,  p.  899. 
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bility  of  its  iodide  toward  alkalies  and  toward  maltose.  The  iodide  of 
rose-amylose  disappears  when  the  calculated  alkalinity  (using  NaOH, 
NagCOi,  or  NH4OH)  reaches  o.i  N,  whereas  the  iodide  of  erythrodextrin 
disappears  when  the  alkalinity  reaches  0.005  ^-  The  difference  in  the 
stability  of  these  two  iodides  to  maltose  probably  accounts  for  the  order 
of  appearance  of  these  iodides  and  the  common  blue  iodides  of  starch  on 
the  gradual  addition  of  iodine-water  to  mixtures  of  these  substances. 
The  iodide  of  rose-amylose  appears  first,  then  the  ordinary  blue  iodides, 
then  that  of  erjrthrodextrin.    There  is  no  rose-amylose  in  potato  starch. 

Rose-amylose  is  probably  a  product  of  the  hydrolysis  of  amylopectin, 
the  substance  which  gives  a  freshly-boiled  cereal  starch  solution  its  ex- 
cessive viscosity  when  cool.  Addition  of  saliva  to  such  a  viscous  solution 
or  paste,  which  previously  gave  a  blue  color  with  minimal  amounts  of 
iodine-water,  (completely  destroys  the  excessive  viscosity  within  half 
a  minute,  making  the  mixture  rich  in  rose-amylose.  Arsenic  acid  of 
0.05%  or  greater  concentration  (as  AsaOs)  completely  stops  this  change 
of  amylopectin  into  rose-amylose;  whereas  the  same  add  at  0.005% 
lessens  the  time  required  for  the  disappearance  of  rose-amylose  by  more 
than  one-half.  Santesson^  found  this  identical  phenomenon  in  the  ac- 
tivity of  the  catalytic  enzyme  of  frog  muscle.  Dilute  solutions  of  acetic, 
butyric  and  lactic  adds  facilitate  this  change  but  slightly,  agreeing  with 
the  results  recorded  later  on  that  the  slight  variation  in  the  addity  of 
different  samples  of  bread  does  not  appredably  affect  their  rate  of  diges- 
tion. No  concentration  of  these  adds  was  found  which  completdy 
prevents  the  change  of  amylopectin  to  rose-amylose.  Hence  0.07% 
arsenic  add  was  used  to  stop  all  digestion,  no  other  change  seeming  to 
take  place  as  readily  as  this,  or  to  take  place  at  all  in  solutions  containing 
this  concentration  of  arsenic  add.  The  fate  of  rose-amylose  is  being 
investigated.  It  probably  finally  reaches  maltose  for  the  most  part. 
The  observation  of  Tanret'  that  the  amylopectin  contains  all  the  phos- 
phorus f  otmd  in  starch  should  be  noted  in  this  connection.  A  rough  esti- 
mate of  the  amotmt  of  amylopectin  in  wheat  starch  can  be  made  from  the 
polarizations  hereafter  recorded  showing  about  10%  of  amylocellulose, 
70%  of  amylose,  and  (by  difference)  20%  of  amylopectin.  This  is  in 
fair  agreement  with  the  estimate  of  Maquenne  and  Roux,  who  place  the 
** amylose"  (which  we  have  seen  includes  amylocellulose)  at  80-85%, 
the  amylopectin  at  15-20%. 

Achroodextrin. — If  bread  or  boiled  starch  digestion  mixtures  be  fil- 
tered before  the  addition  of  iodine,  the  rose-amylose  may  readily  be  de- 
tected in  the  residue,  but  the  filtrate  ordinarily  gives  no  color  with  iodine. 
Hence  the  theory  of  Maquenne  and  Roux,  already  dted,  that  no  dex- 

1  Skand,  Arch.  Physiol.,  33,  405;  Chem.  Abs.,  9,  2097. 

*  Bull,  soc.  chim.,  17,  83  (1915). 
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trins  are  present.  If,  however,  alcohol  be  added  to  the  filtrate  during  the 
first  few  minutes  under  usual  conditions,  a  white  precipitate  of  achro- 
odextrin  forms  when  the  alcohol  reaches  72  to  80%  by  volume.  Under 
the  conditions  of  the  experiments  hereinafter  described,  a  1%  bread  sus- 
pension gave  0.04%  of  this  dextrin  at  the  end  of  five  minutes,  0.01% 
at  the  end  of  ten  minutes,  and  only  a  trace  at  the  end  of  twenty  minutes. 
These  values  are  corrected  for  a  sUght  precipitate  due  to  the  saliva  under 
these  conditions.  After  standing  overnight,  the  dextrin  was  filtered 
out  in  a  Gooch  crucible,  dried  at  100°,  weighed  and  redissolved  in  water. 
This  solution  indicated  a  specific  rotation  of  170  for  this  dextrin,  a  value 
which  is  recorded  merely  to  show  its  properties  as  a  dextrin,  the  amotmt 
worked  with  being  too  small  to  give  an  accurate  result.  Further  addition 
of  absolute  alcohol  to  the  filtrate  from  this  dextrin  gave  no  precipitate 
or  opalescence.  Commercial  dextrin  ** precipitated  by  alcohol"  gave 
26%  of  this  dextrin. 

Maltose  was  rather  sharply  identified  as  follows:  A  1.00%  (final  con- 
centration) suspension  of  disintegrated  bread  (Table  II),  which  gave  a 
reading  of  about  0.1%  on  the  polariscope,  which  read  percentages  of 
d'ghicose  directly,  gave  readings  of  about  1.0%  within  a  few  minutes 
after  mixture  with  saliva  in  moderate  amotmt.  In  the  absence  of  maltase 
and  proteoljrtic  enzymes  the  readings  slowly  increased  to  about  1.30 
(Table  I),  this  slow  increase  registering  for  the  most  part  the  slow  diges- 
tion of  the  rose-amylose  and  the  amylocellulose.  The  initial  rapid  rise 
in  the  polarization  seems  to  be  due  to  the  digestion  of  the  main  content 
of  the  starch  granules  (which  we  may  caU  amylase),  the  optical  activity 
after  the  digestion  of  the  achroodextrin  (first  fifteen  minutes)  being 
due  wholly  to  maltose.  The  absence  of  dextrins  is  indicated  not  only 
by  the  negative  tests  with 
iodine  and  absolute  alco-  u 
hoi,  but  by  the  tmbroken  g 
asymptotic  curve  (Fig.  i,  ^'*° 
for  Bread  No.  i,  Table  I).  ^ 
The  absence  of  d-glucose  0 
in  appreciable  amotmts  is  5 
indicated  by  negative  tests  I 
for  glucosazone  and  with  a  "3 

Pi 

modification  of  Barfoed's 
reagent  (twice  as  much 
copper  acetate  being  used 
as  that  ordinarily  speci- 
fied,^ and  the  time  of  boiling  being  one-half  minute),  and  also  by  compari- 
son with  results  obtained  when  maltase  was  present  (page  1258).  A  f luther 
*  Hawk,  Loc.  cit.,  p.  443. 
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pseudo-quantitative  proof  that  only  maltose  was  present  in  the  solutions 
referred  to  is  the  fact  that  on  partial  hydrolysis  with  adds  they  show  the 
same  change  of  optical  activity  as  a  solution  of  pure  maltose  having  the  same 
polarization.  Thus  when  such  solutions  are  heated  half  an  hour  in  boilii^ 
water  with  3%  of  concentrated  hydrochloric  add  (by  volume),  each  loses 
one-third  its  optical  activity.  The  difficulty  of  completdy  hydrolyzing  mal- 
tose with  adds,  owing  to  the  reversibility  of  the  reaction,  is  well  known.^ 
Finally,  the  reading  i  .30,  read  as  d-glucose,  corresponds  to  0.47%  starch, 
using  the  equations 

%  Maltose  =  rotation  as  d-glucose  X      r,     , 

130-3 
and 

%  Starch  =  %  maltose  X  — , 

342 

in  dose  agreement  with  the  percentage  of  starch  usually  present  in  bread 
(50%*),  and  that  indicated  by  the  usual  method  of  testing.  (This  bread 
contained  40.0%  water  and  8.0%  gluten,  besides  salt  and  other  minor 
ingredients.)  Maltose  shows  little  multirotation,  and  isomaltose  from 
starch,  if  present,  has  the  same  specific  rotation  as  maltose.  In  so  far  as 
the  optical  activity  is  due  to  maltose,  multiplication  of  the  readings  recorded 
in  the  tables  by  0.36  gives  the  percentage  of  the  original  material  repre- 
sented by  the  starch  digested  at  the  time  the  reading  was  made. 

On  this  basis  wheat  No.  2,  Table  II  (average  of  three  samples),  at  the 
end  of  fifteen  minutes  (the  time  the  achro5dextrin  disappears  from  the 
filtrate)  showed  a  digestion  of  72%  of  the  estimated  amount  (0.50%) 
of  starch  present.  Although  maltase  from  the  disintegrated  bread  was 
present  in  these  experiments,  as  indicated  by  the  subsequent  decrease  in 
the  polarizations,  yet  the  rate  of  such  decrease  is  such  that  it  would  be 
negligible  for  the  first  fifteen  minutes. 

The  complete,  or  nearly  complete,  change  of  starch  into  maltose  has 
been  daimed  by  Maquenne  (loc.  cit.)  and  by  Fembach  and  Wolff*  and 
others,*  as  determined  by  copper  reduction,  polariscopic  and  other 
methods. 

Erythrodeztrin  was  dearly  recognized  as  follows:  Bread  was  digested 
in  the  presence  of  toluene  with  saliva  diluted  with  99  volumes  of  water. 
Under  these  conditions  at  the  end  of  15  minutes  60%  of  the  total  amount 
of  starch  present  was  found  in  the  filtrate  as  er3rthrodextrin,  as  determined 
colorimetrically  after  the  addition  of  arsenic  add  and  iodine-water.  The 
amount  of  erythrodextrin  in  the  digestion  mixture  gradually  decreased,  dis- 

*  Daish,  /.  Chem.  Soc,  {Trans.),  105,  2053. 

*  Jago,  Loc.  cit.,  p.  540. 
»  Compt.  rend.,  145,  80. 

*  Syniewski,  Liebig's  Ann.,  324,  214. 
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appearing  at  the  end  of  two  hours.  The  standard  er3rthrodextrin  solution 
for  colorimetric  comparison  was  prepared  from  a  white  commercial  "Dex- 
trin, Precipitated  by  Alcohol,"  which  contained  only  a  trace  of  insoluble 
matter  and  of  amylodextrin  (infra),  by  precipitating  the  erythrodextrin 
with  65%  alcohol  (final  concentration).  The  erythrodextrin  began  to 
precipitate  when  the  concentration  of  the  alcohol  reached  50%;  but 
achro5dextrin  did  not  begin  to  precipitate  in  the  filtrate  from  the  erythro- 
dextrin until  the  concentration  of  the  alcohol  reached  72%.  These  sharp 
limits  of  precipitation  rather  indicate  that  each  of  these  dextrins  is  a  pvre 
substance.  The  transition  temperature  of  this  iodide  is  33°.  A  0.5% 
solution  of  erythrodextrin  is  completely  digested  to  the  achromic  point 
by  1:7  saliva  in  two  minutes  at  the  ordinary  temperatiure.  During 
the  spontaneous  fermentation  of  starch  solutions  containing  no  preserva- 
tive but  iodine,  the  starch  passes  through  a  stage  in  which  the  only  color 
given  with  iodine  water  is  the  iodide  of  erythrodextrin.  (For  other  proper- 
ties, see  rose-amylose.) 

Amylodextrin  was  clearly  recognized  and  estimated  in  the  filtrate  of 
the  slow  digestion  experiment  just  described.  It  gives  a  pure  blue  color 
with  iodine-water  which  forms  before  the  iodide  of  erythrodextrin  does 
in  solutions  containing  both  these  substances.  The  transition  tempera- 
ture of  the  iodide  is  about  50*^.  Estimated  in  the  filtrate  by  colorimetric 
comparison^  with  wheat  starch  boiled  one  hour,  only  0.007%  was  pres- 
ent at  the  end  of  15  minutes,  only  a  trace  at  the  end  of  45  minutes,  and 
none  at  the  end  of  ninety  minutes.  Amylodextrin  is,  therefore,  more 
readily  digestible  than  erythrodextrin,  which  it  probably  hydrol3rzes 
into.  The  three  dextrins  already  mentioned  not  only  diffuse  through 
the  cell  walls  of  the  starch  granules  of  bread,  but  also  through  goldbeaters' 
skin. 

Red-amylose  and  a  new  substance  which  we  will  call  blue-amylose 
require  brief  mention.  Ordinary  (unfiltered)  digestion  mixtures  of  bread 
or  of  boiled  starch  in  which  the  amylose  and  the  rose-amylose  have  been 
completely  digested,  as  determined  by  the  methods  already  given  (that 
is  to  say,  after  five  hours),  and  in  which  no  erythrodextrin  is  present, 
color  a  deep  red  on  the  addition  of  iodine-water  in  comparatively  large 
amounts.  The  transition  temperature  of  this  iodide  is  73**;  but  if  the 
solution  is  heated  somewhat  above  80**,  the  red  color  no  longer  reappears 
on  cooling  the  solution  through  73°,  but  a  blue  coloration  begins  to  appear 
as  the  solution  is  cooled  through  83°.  The  substance  giving  the  red 
color  under  these  conditions  agrees  with  Day's*  description  of  red-amylose. 
It  is  probably  a  product  of  the  hydrolysis  of  amylocellulose,  and  probably 
hydrolyzes  into  blue-amylose.     Blue-amylose  is  best  obtained  by  boiling 

^  Dennstedt,  Ber.,  28,  ref.  1025,  among  others,  employed  this  principle. 

*^Day,  Loc.  cit.,  37,  41;  Reichert,  Loc,  cit.,  p.  195. 
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the  residue  of  a  digestion  mixture  after  it  no  longer  colors  pink  with  small 
amoimts  of  iodine-water  (that  is,  after  four  hours). 

A  new  dextrin  giving  with  iodine-water  a  blue  iodide  (whence  we  may 
call  it  cyanodextrin)  which  forms  before  the  iodide  of  rose-amylose  in 
mixtures  containing  both  these  substances  and  the  transition  tempera- 
ture of  whose  iodide  is  sharply  29.5°  (uncor.),  has  also  been  recognized; 
but  as  it  does  not  appear  in  the  sequel  of  this  paper,  it  will  not  be  further 
discussed  in  this  place. 

It  must  be  added,  in  order  to  avoid  the  erroneous  deduction  often  met 
with  in  the  Uterature^  to  the  effect  that  potassium  iodide  changes  the 
blue  iodide  of  starch  to  red,  that  potassium  iodide  in  solutions  one-fourth 
saturated  really  destroys  the  blue  iodide  of  starch,  but  does  not  affect  the 
iodide  of  either  rose-amylose  or  erythrodextrin,  even  when  added  to 
satiwation.  This  principle  was  confirmed  by  the  fact  that  the  amount 
of  er3rthrodextrin  present  in  a  mixture  of  dextrins  and  starch  could 
be  estimated  colorimetrically  in  the  presence  of  potassium  iodide  and 
alcohol  (toward  which  reagent  the  red  iodides  are  the  more  stable), 
even  when  the  amoimt  of  starch  present  was  varied  within  wide 
limits.  Furthermore,  solutions  of  blue  iodides  containing  no  ery- 
throdextrin, rose-amylose,  or  red-amylose  do  not  turn  purple  or  red  on 
the  addition  of  potassium  iodide,  but  pass  through  green  in  disappearing. 

Conditions  of  the  Digestion. — ^All  the  materials  used  in  these  experi- 
ments were  preserved  with  toluene  (except  takadiastase,  which  quickly 
molds  in  solution),  and  the  digestions  took  place  in  the  presence  of  toluene. 
The  enzymes  used  were  saliva,  commercial  ptyalin,  HorUck's  "diastoid," 
and  takadiastase.  The  three  latter  were  used  in  final  concentration  of 
1%;  the  sahva  in  final  concentration  of  i  in  8,  except  where  otherwise 
stated.  The  standard  breads  were  prepared  from  the  standard  flours 
listed  below,  and  were  baked  by  standard  commercial  methods  by  J. 
C.  Summers,  of  the  School  of  Milling  and  Baking  Technology,  conducted 
by  the  Operative  Miller  of  Chicago: 

No.  I.    Kansas  hard  winter  wheat  flour. 

No.  2.     Illinois  soft  winter  wheat  flour. 

No.  3.     "Oriental,"  a  spring  wheat  flour. 

No.  4.    A  standard  commerical  mixture. 

The  digestion  mixtiu-es  usually  contained  1%  of  the  original  material 
as  their  final  concentrations,  and  all  the  results  here  recorded  have  been 
calculated  to  this  basis.  The  polariscopic  readings  are  all  recorded  as 
read  on  a  Schmidt  and  Haensch  half-shadow  saccharimeter  reading  per- 
centages of  J-glucose  in  a  200  mm.  tube.  The  interior  of  the  loaves  was 
used  for  digestion,  either  in  the  form  of  approximately  i-inch  cubes  or 
broken  down  completely  by  grinding  in  a  porcelain  mortar,  except  where 
^  Bayer  and  Field,  /.  Chem,  Soc.  (Trans.),  lox,  1403  (1912). 
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otherwise  stated.  This  grinding  does  not  disrupt  the  starch  granules. 
In  the  experiments  with  cubes,  which  are  not  disintegrated  by  saliva, 
the  results  have  been  corrected  for  the  amount  of  Uquid  removed  for  the 
separate  readings.  The  digestions  were  carried  out  by  mixing  the  ma- 
terials at  25^  and  placing  them  in  a  water  bath  contained  in  an  asbestos- 
lined  air  oven  maintained  at  37  ®.  This  procedure  was  adopted  to  simulate 
the  conditions  of  normal  digestion  in  vivo,  the  chilling  effect  of  ingested 
food  being  observable  for  several  hours..  For  the  separate  readings 
25  cc.  of  the  mixttu-e  were  pipetted  out  into  a  beaker  containing  2  cc. 
of  a  1%  solution  of  arsenic  acid.  This  mixture  was  then  filtered  and  the 
polarization  read  on  the  filtrate.  When  the  starch  granules  begin  to 
disintegrate  (that  is,  after  4  or  5  hours),  the  fragments  tend  to  run  through 
the  filter.  Except  where  otherwise  stated  the  polarizations  have  been 
corrected  for  the  optical  activity  due  to  the  sugars  in  the  bread  suspension 
by  polarizing  the  filtrate  from  a  suspension  of  inch  cubes  at  the  end  of 
half  an  hoiu*.  Under  these  conditions  most  of  the  sugars  but  no  dextrins 
enter  the  solution;  and  but  little  dextrin  enters  the  solution  even  when 
the  bread  is  completely  broken  down.  The  polarizations  are  also  corrected 
for  the  optical  activity  of  the  diastoid  and  the  takadiastase.  The  saliva 
and  ptyalin  were  optically  inactive.  Takadiastase  attacks  both  starch 
and  gluten,  and  also  slowly  changes  the  maltose  formed  from  the  starch 
into  d-glucose.  The  apparent  acidity  of  the  different  materials  used  for 
digestion  was  obtained  by  titrating  after  half  an  hour  the  filtrate  from 
broken  down  bread  suspensions  with  0.02  N  potassium  hydroxide  and 
phenolphthalein,  the  recorded  results  having  been  corrected  for  the  ap- 
parent acidity  of  the  distilled  water  used  in  making  the  suspensions. 

The  following  table  gives  the  polarization  of  digestion  mixttu-es  made 
with  the  breads  just  described,  the  bread  being  in  the  condition  known 
as  "fresh"  at  the  time  of  the  digestion,  except  where  otherwise  stated. 
"  Fresh"  bread  is  that  baked  late  in  the  day  for  sale  the  next  day.  Where 
the  same  bread  was  tested  after  different  periods  of  fermentation,  the 
digestion  experiments  were  carried  out  simultaneously,  in  the  same  water 
bath.  Three  grams  of  the  bread,  in  cubic  form,  were  placed  in  the  enzyme 
solution,  the  final  voliune  being  300  cc.  The  bread  floats  throughout  the 
experiment. 

These  results  show,  for  hard  and  soft  wheat  flours,  that  the  time  of 
fermentation  of  the  dough  makes  no  appreciable  difference  in  the  digesti- 
bility when  varied  over  a  range  of  400%;  nor  does  such  variation  apprecia- 
bly affect  the  acidity.  They  show,  further,  that  the  starch  of  the  soft 
wheat  digests  nearly  three  times  as  fast  as  that  of  the  hard  wheat,  the 
spring  wheat  and  the  commercial  mixture  acting  approximately  Hke  the 
soft  wheat.    The  digestion  coefficients  given  in  the  table  were  obtained 
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by  dividing  the  polariscopic  reading  at  the  end  of  one-half  hour  by  i .  20 
as  an  approximate  average  maximum. 

The  effects  produced  by  the  use  of  yeast  which  has  begun  to  ferment 
owing  to  bacterial  activity  are  marked  in  the  cases  of  the  bread  from 
soft  wheat  and  that  from  the  "oriental"  brand,  the  former  being  greatly 
accelerated,  the  latter  retarded.  Each  of  the  breads  made  with  spoiled 
yeast  had  a  bitter  taste.  The  ingestion  of  a  small  amoimt  of  one  of  these 
breads  almost  immediately  caused  a  burning  sensation  in  the  stomach 
which  lasted  for  ten  hoiu^,  at  the  end  of  which  time  it  was  relieved  by  the 
ingestion  of  soda.  Hence  their  digestion  in  vivo  might  differ  still  more 
than  is  here  indicated  for  their  digestion  in  vitro. 

That  the  difference  in  the  digestibility  of  the  breads  from  hard  and  soft 
wheat  flours  is  due  wholly  to  differences  in  the  amount  of  gluten  these 
breads  contain  (8%  and  6%,  respectively),  is  shown  by  the  following 
results,  obtained  by  grinding  in  a  mortar  some  of  the  pulp  of  the  same 
loaves  of  bread  used  in  obtaining  the  foregoing  results.  The  dupUcate 
determinations  were  made  on  the  same  suspension  after  standing  three 
days  in  a  glass-stoppered  bottle,  preserved  by  toluene. 

Table  II. 

Duplicates. 


Wheat  No. 

Time  of 
fermentatioii. 
Time  of  dices- 

tionOizs.}. 

1 

Vt 
norm* 

1 
norm. 

1 

2 

norm. 

1 

Vi 
norm. 

1 
norm. 

1 

2 

norm. 

2 

Vi 
norm. 

2 
norm. 

2 

2 

norm. 

0.25 

0.91 

1. 12 

0.97 

0.50 

1.08 

1. 01 

1. 17 

1.09 

1.02 

1. 13 

0.75 

1. 01 

1. 16 

1. 18 

I   50 

1.05 

1.08 

1.04 

1.09 

1. 13 

1. 14 

1.05 

1.08 

1.04 

2.50 

1.08 

1.05? 

1.09 

0.84 

1. 10 

1. 10 

3.50 

1. 00 

1. 00 

1.06 

1.05 

1. 14 

1. 10 

0.83 

1.05 

1.02 

4.50 

1. 00 

1.05 

1.08 

22 

0.78 

0.89 

0.81 

0.82 

0.99 

1. 14" 

23 

0.89 

0.97 

0.94 

71 

0.79 

0.89 

0.79 

The  starch  under  these  conditions  in  reality  digests  about  as  fast  as 
boiled  starch,  as  judged  by  the  iodine  colorations  and  the  polariscopic 
readings  {infra). 

Other  factors,  such  as  sUght  variations  in  the  acidity  of  the  mixtiwes, 
in  the  temperature  of  mixing  the  digestion  materials,  and  in  the  tempera- 
ture at  which  the  solutions  were  read  on  the  poloriscope  exerted  no  ap- 
preciable effect. 

The  following  results  were  obtained  with  three  commerical  breads, 
broken  down  under  water  just  enough  to  cause  the  pulp  to  sink — a  de- 
gree of  disintegration  approximately  equal  to  that  produced  by  normal 
mastication.     The   readings  are  imcorrected  for  the  original  polariza- 
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tions,  since  these  were  obtained  on  the  pulp  just  described,  instead  of  on 
the  undisintegrated  pulp,  and  hence  the  solutions  contained  appreciable 
amounts  of  dextrins. 

Table  III. 

Bread  No.  5.  6.  7. 
Time  of  digestion. 
Hours. 

0.5 1. 12  1. 10  1.04 

1.5 I. XI  1. 26  1. 28 

3.0 1.35  1-22  1.34 

23    1 .  29  1 .  18  1 .  24 

Normal  acidity 0.00018  0.00015  0.00012 

Original  polarization 0.28  0.20  0.13 

These  results  show  that  the  disintegration  of  the  gluten  was  sufficient 
to  permit  the  digestion  of  the  starch  to  the  same  extent  as  that  in  the 
breads  ground  up  to  flotation.  That  this  agrees  closely  with  the  rate  of 
digestion  of  freshly  boiled  starch  is  indicated  by  the  results  contained  in 
the  following  table.  The  rice  starch  used  in  these  experiments  was  boiled 
five  minutes  in  approximately  2%  solution.  The  concentration  of  dry 
(120°)  starch  in  the  digestion  mixtures  was  0.863%.  This  table  also 
contains  data  on  the  digestibility  of  a  home-baked  bread  (made  with  hard- 
wheat  flour),  and  of  another  commercial  bread.  The  interior  of  the  loaf 
of  these  two  breads  was  rasped  on  a  horse-radish  grater  into  fragments 
about  3  mm.  in  diameter.  The  results  given  in  two  of  the  columns  were 
obtained  on  the  same  pulps  air-dried.  The  results  are  not  corrected  for 
the  original  polarizations  of  the  solutions.  The  starch  at  its  final  dilu- 
tion polarized  0.64;  but  this  seems  to  be  mostly  due  to  dextrins  (as  the 
amyloses  filter  out),  which  immediately  digest,  so  that  this  correction 
should  not  be  applied  to  the  observed  readings. 

The  initial  maximum  in  the  polariscopic  readings  obtained  with  the 
starch  is  due  to  the  presence  of  a  small  amount  of  dextrins  in  the  solution, 
even  with  i  :  7  saliva,  so  rapid  is  the  hydrolysis  of  the  amyloses  present. 
This  may  conveniently  be  shown  with  iodine  after  filtering  off  the  rose- 
amylose,  provided  a  preservative  has  been  added  to  prevent  the  diges- 
tion of  the  erythrodextrin  during  filtration. 

If  the  polarizations  given  for  the  starch  be  divided  by  i .  726  they  be- 
come directly  comparable  with  all  the  other  results  recorded  in  this  paper, 
on  the  assumption  that  the  breads  contained  50%  of  starch,  since  all  are 
calculated  to  1%  of  the  original  material  for  the  final  concentration  in 
the  digestion  mixture.  This  makes  the  values  for  the  starch,  even  at  the 
start,  when  the  solution  contained  dextrins,  only  slightly  higher  than  the 
corresponding  values  obtained  with  disintegrated  bread  pulp  (Table  II). 

The  colorations  of  the  digesting  starch  with  iodine-water  show  clearly 
the  progress  of  the  digestion  of  different  ingredients  in  the  starch.  The 
original  blue  color  was  partly  due  to  amylodextrin;  the  red  color  given  at 
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Tabus  IV. 


Time  of 
(ligation. 

O.OO 
0.75 

1 .00 

1-75 
2.00 

2.75 

3.00 

3.75 
4.00 

4.75 


Color  of 
starch  with  iodine- 
water  In  small  amt. 

Blue 


Color 
with 
iodine 
due  to 

Starch 


1  %  diastoid. 
Freshly 
boUed 

rice 
starch. 

0.64 


1  %  commercial  ptyalin. 


Home-baked 
bread  No.  8. 


Commercial 
bread  No.  9. 


Moist.  Air-dried.   Moist.  Air-dried. 


Red ► 

Pink — > 
purple 


violet 


light 


5  00 


6.00 


7.00 


24 


25 


26 


Light  purple 

Colorless 

Large  amount  of 

Iodine- water 
Purple 

Purple 

Purple 

Trace  of  ptu'ple 

Pink 

Pink 


Rose- 
amylose 

Rose- 
amylose 

Rose- 
amylose 


Red- 
amylose 

Red- 

amylose 

Red- 

amylose 

Red- 

amylose 

Red- 

amylose 


2.62 


2.42 


2.46 


2.42 


2.481 


2.48 


2.50 


2.70 


2.60 


2.64 


0.62 


0.96 


1 .06 


1. 14 


0.25 


0.67 


0.99 


1.28 


1.44 


0.68 


0.86 


1.04 


0.28^ 


0.60 


0.8& 


1. 18 


1.34 


the  end  of  one  hour  with  iodine  in  small  amount  was  due  to  rose-amylose^ 
the  dextrins  and  amylose  having  been  nearly  all  changed  into  maltose; 
by  the  end  of  four  hours  the  amylopectin  and  the  rose-amylose  were  all 
digested;  by  the  eild  of  five  hours  the  amylocellulose  had  digested  suffi- 
ciently to  disintegrate  the  walls  of  the  starch  granules  (afready  disrupted 
by  boiling),  so  that  their  fragments  came  through  the  filter  paper,  the 
mixture  now  containing  red -amylose,  requiring  a  large  amount  of  iodine 
for  the  production  of  its  iodide;  by  the  end  of  twenty-foiu*  hoiu's  the 
,  amylocellulose  was  nearly  all  digested.  The  absence  of  any  maltase 
(infra)  is  to  be  noted. 

The  low  digestibility  of  the  air-dried  bread  is  probably  attributable 
to  the  setting  of  the  gluten  during  the  drying,  thus  rendering  the  sta/ch 
more  difficult  for  the  enzymes  to  get  at,  rather  than  to  any  change  in 
the  starch,  as  surmised  by  Neumann.^''     The   home-baked   bread  was 

»  Filtrate  turbid;  refilter. 

*  Zeit.  ges.  Getreidew.,  6,  119  (191 4);  Chem,  Ahs.^^y  2554. 

•  Confirmed  by  direct  experiment  after  complete  disintegration  of  the  gluten  hy 
grinding.  , 
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much  more  palatable  than  the  commercial  breads,  but  the  polarizations 
show  no  reason  therefor. 

That  the  source  and  amount  of  the  enzymes  makes  but  little  difference 
for  moderate  variation  in  amoimt  in  the  rate  of  digestion  of  starch  is  in- 
dicated by  the  following  results,  obtained  with  the  same  bread  pulp  and 
the  same  starch  solution,  and  the  enzymes  indicated  in  the  table.  Fern- 
bach  and  Wolffs  found  that  doubling  the  concentration  of  malt  extract 
had  no  effect  on  the  rate  of  digestion. 

Table  V. 

1  %  home-baked  bread. 

1  %  i  %  taka* 

diastoid.  diastaaa. 

0.43  0.40 

0.72  0.48 

0.92  0.47 

I. 17  0.48 

0.46 

0.45 
0.44 


0.44 

0.45 
0.22 

The  continuous  fall  in  the  readings  obtained  by  the  use  of  takadia- 
stase  is  noteworthy.  The  initial  value  for  the  starch  digestion  was  ob- 
tained by  extrapolation,  although  the  maximum  must  He  somewhere  be- 
tween time  o  and  time  0.5  hour.  The  maximum  obtained  by  extra- 
polation must  be  near  the  true  maximum  the  solution  would  have  shown, 
however,  and  agrees  approximately  with  the  values  obtained  by  the  use 
of  diastoid. 

The  reason  for  the  steady  fall  in  the  polarization  obtained  with  taka- 
diastase  and  starch  is  that  the  takadiastase  contains  maltase  (as  is  well 
known'),  so  that  the  maltose  slowly  hydrolyzes  into  J-glucose.  The 
final  value  obtained  (asymptotically)  after  122  hours  equals  38.3%  of 
the  intitial  (extrapolated)  value,  in  dose  agreement,  considering  all  the 
circumstances,  with  the  theoretical  value  39 . 8%,  based  on  the  assimip- 

^  Loc.  cit, 

*  Extrapolated. 

'  Daish.  Loc.  cit.,  2054. 


Time  of 
digestion. 

1%  rice  starch. 

1% 
diastoid. 

1%  taka- 
diastase. 

1  %  comi 
ptyalin. 

0.00 

(2.4)* 

0.50 

1.94 

(o.47)» 

0.75 

0.62 

1. 00 

2.62 

1.70 

1.75 

0.96 

2.00 

2.42 

1.65 

2.75 

1.06 

3.00 

2.46 

3-75 

1. 14 

4.00 

2.42 

1. 51 

4.75 

1 .22 

5.00 

2.48 

1-43 

6.00 

2.48 

7.00 

2.50 

1-35 

24 

2.70 

1. 18 

25 

2.60 

26 

2.64 

1. 16 

29 

122 

0.92 
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tion  that  the  initial  optical  activity  was  due  to  maltose  and  the  final  value 
was  due  to  d-glucose,  obtained  by  use  of  the  fonnula 

Rotation  of  d-riucose  =  rotation  of  maltose  X  - —  X         '   y 

342       138-3 

where  52.5-  is  the  specific  rotatory  power  of  d-glucose,  138.3  the  specific 
rotatory  power  of  maltose,  and  360  the  molecular  weight  of  two  mole- 
cules of  d-ghicose. 

The  one-half  hour  reading  obtained  by  the  action  of  takadiastase 
on  bread  also  agrees  fairly  well  with  those  obtained  with  other  enzymes, 
although  the  actual  amylase  present  in  any  of  the  preparations  used  was 
but  a  small  indefinite  per  cent,  of  the  total  weight  of  the  enzyme  ma- 
terial. These  results,  therefore,  together  with  the  great  activity  shown 
by  very  dilute  saliva,  seem  to  indicate  that  the  rate  of  digestion  does  not 
vary  appreciably  for  moderate  variations  in  the  amount  of  enzyme  pres- 
ent. Two  influences  in  this  case  (takadiastase  on  bread)  tend  to  dimin- 
ish the  polariscopic  readings:  first,  the  slow  hydrolysis  of  the  maltose 
to  d-glucose;  second,  the  digestion  of  the  gluten,  with  the  ehmination  of 
levorotatory  substances.  The  value  after  122  hours  is  only  19%  of  the 
average  maximum  polarization  (1.20)  of  1%  bread  preparations. 

Takadiastase  does  not  completely  digest  the  amylocellulose  even  on 
long  standing  (122  hours),  if.it  digests  it  at  all;  that  is  to  say,  if  the  resi- 
due is  boiled  at  any  time  after  the  digestion  mixtiu'e  no  longer  gives  any 
color  with  iodine-water  (end  of  the  digestion  of  amylopectin  and  rose- 
amylose),  it  will,  on  cooling,  give  a  deep  blue  with  iodine-water. 

Conclusions. 

1 .  The  specificity  and  complexity  of  starches  is  confirmed. 

2.  A  munber  of  polysaccharides  are  clearly  recognized  and  differ- 
entiated, and  the  existence  of  two  new  ones  indicated. 

3.  The  three  principal  ingredients  of  cereal  starches  are  amylocellulose 
(the  cell  walls),  amylopectin,  and  amylose. 

4.  The  amylose,  contrary  to  the  contention  of  Maquenne  and  Roux, 
passes  through  the  stages  of  amylodextrin  and  erjrthrodextrin  dtuing 
saUvary  digestion,  but  these  dextrins  digest  so  rapidly  that  their  presence 
in  the  digestion  mixture  can  conveniently  be  demonstrated  only  when 
the  enzyme  concentration  is  very  low  (e.  g.,  i  :  99).  Furthermore,  an 
appreciable  amount  of  achro6dextrin  enters  the  solution  with  ordinary 
concentrations  of  saHva. 

5.  All  of  the  dextrins  under  ordinary  conditions  disappear  from  the 
solution  within  15  minutes,  so  that  thereafter  the  further  progress  of  the 
digestion  can  be  followed  by  the  polariscope,  the  only  optically  active 
substance  then  present  being  maltose  if  maltase  has  not  been  added  from 
some  outside  sotuce.     As  the  amylose  is  all  digested  by  this  time,  the 
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further  digestion  represents  action  on  amylocellulose  and  amylopectin 
and  their  products  of  hydrolysis. 

6.  By  slow  digestion  almost  the  entire  amount  of  amylose  present  was 
obtained  in  solution  as  erythrodextrin  at  the  end  of  15  minutes.  Hence 
under  ordinary  conditions  the  digestion  of  amylose  .must  be  almost  in- 
stantaneous. 

7.  Rose-amylose,  derived  from  amylopectin,  digests  completely  in. 
four  hoiu-s.  This  has  usually  been  regarded  as  the  end  of  starch  diges- 
tion, the  rose-amylose  being  confused  with  erythrodextrin. 

8.  The  amylocellulose  (cell  walls)  digests  only  after  more  than  24  hours. 

9.  The  only  differences  observable  in  the  rate  of  digestion  of  bread 
made  from  hard  or  soft  wheat,  and  fermented  more  or  less  than  usual, 
were  due  to  the  relative  amounts  of  gluten  present.  When  the  gluten 
was  broken  down  the  rate  of  digestion  was  sensibly  the  same. 

10.  The  cause  of  the  greater  palatability  of  home-baked  bread  was 
not  discovered. 

11.  Various  pronoimced  effects  due  to  fermentation  by  spoiled  yeast 
were  noted. 

12.  The  activity  of  amylases  is  not  sensitive  to  small  changes  of  tem- 
perature or  of  acidity  produced  by  the  organic  acids  fbimd  in  bread; 
nor  does  their  activity  seem  to  be  proportional  to  their  concentrations. 

13.  It  would  seem  that  under  physiological  conditions  most  of  the  amy- 
lose must  be  changed  to  dextrins  in  the  mouth,  and  that  these  dextrins 
as  well  as  most  of  the  amylopectin  and  its  products  of  hydr6l3rsis  must 
be  digested  in  the  stomach;  whereas  the  digestion  of  the  amylocellulose 
must  take  place  for  the  most  part  in  the  intestine. 

14.  Stale  (air-dried)  bread  digests  very  slowly  unless  its  gluten  be 
completely  broken  down. 

Habnbmann  MSDICAL  COIX8OS 
AMD  Hospital  of  Chicago. 
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such  as  the  specific  gravity  of  sulfimc  acid  solutions,  but  both  fragmen- 
tary and  imreliable  when  concerned  with  the  tabulation  of  the  proper- 
ties of  various  elements  and  compounds,  such  as  boiling  point,  or  latent 
heat  of  fusion.  The  book  is  possibly  worth  thirty  cents;  c^tainly  not 
more.  J.  W.  Richards. 
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